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The first and most #tJndamental issue to be addressed is the role 

of t he life sciences in the support of NASA act ivities. Does it have 

a true role? How important is it? It seems clear that the most objective 

appraisal of this issue leads to the conclusion that the life sciences 

is rightly responsible for several roles in the Agency's pursuit of its 

objectivesxxxA:txiwKst~~»JQX and that at least 
/ 

two of these are mandatory. That is, they are essential to NASA's 

function on a continuing basts, and no other disciplinary category 

is qualified to fulfill them. These two are to support and protect man 

in space, and to utilize space exploration for studies of the origin 

6f life and the existence of lit e on other planets. These responsibilities 

are reflected in the first two of the four goals set forth by NASA's 
R!Y-1!'1•11 

Life Sciences~togram and both require strong ground based research 

programs . 

The question of which is more important is largely academic. 

Operationally oriented medical and technological res earch deals with 
111 A 11osr11.1; £vl/11t111t11to,r. 

the protection of human lif)f ~e increased knowledge and improved 

techniques it seeks on this behalf must continue to be advanced~to 
~X,Tt/I, HtJf"All ).r,Jjff,i'I 
~aed future~capabilitiesA in space)unless or until ~nn._eg •~see" 

fl~ specifi~ m>andea'ia by t~at~ the Nation might declare 

its abandonment of manned space flight. Unless that happens, NASA must 

~in a ~ei~ieR ta.maintain its preparedness for advanced manned missions 

even during periods of uncertainty. Planetary biology, on the other hand, 

while it does not deal with human life, is a science which only NASA can 

nurture and expand. Like astronomy, it is important enough and fundamental 

enough to NASA's charter that it can justify its own ll1.i.::sxiEK:s flight missions. 



Both Life Sciences f'unctions are an essential part of NASA .and both, in 

our opinion, unassailably establi sh the requirement for a strong Life 

Sciences in NASA. 
P..€, flll ft,/lfJI TJ/lf c. IJ/Cl C)j /Ole/, fJ,/~.., 

The general observa!f'ons that follow are addressed to the total array 
I( 

of responsibilities of the NASA Life Sciences, their relative importance, 

views on the administrative relationships of the Life Sciences in NASA, 

the management of its activities by the NASA Life Sciences, and the 

program content of its many endeavors1 '-'AU'l 'F lt#"11'1("jft/ t.f•' U l:';th"'1~4.-1'11l'~ 

~E•••<Afvr 01 ''·"'"""'/'"'.,.,,, ·r-. 
Indeed, the diversity of these activities is extraordinarj: -------

---------------(cont.) 



Some Comments on Space Biology 
The first and most fundamental issue to be addressed is the role of the 

life sciences in the support of NASA 



Some COl)lillemts on Space Biology 

The relative importance of gravitational or space biology has 

long been thex source of 
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THE WHITE HOUSE 

WASHINGTON 

September 22, 1975 

Dear Pete: 

Please ask your medical people to review and 
see if this has any potential exhibit value. 

Thank you. 

Sincerely, 

~~-------~ 
Theodore C. :Marrs 

Special Assistant to the President 

General Duwart L. Crow 
Associate Deputy Administrator 
NASA Headquarter• 
400 :Maryland Avenue, SW. 
Washington, D. C. 20546 

Enclosure 

~ 

Action Copy to 
Info Copy to 

Action Copy to~ 
lnfo Copy to If/ 11/J 
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·,., .. _ ·r"·" i'\,, 1., 11-.1 ~ 
~~ r·t. :~ ·· .. . • 1.Hl1 . t.Lf-IA---
1 1· ~1'(' r· .. rJy f ~. : ;; ... , ) .. ,J or 
' . '" l.l '" I' I''' f .a.1' .i1. ~ '.:.'..l '-\ l l \./ 0 -r:f..J.,l c::t- -

• 
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~ irIOSF ~T AL 
:\ND CLINIC INCORPOR ATED 

1235 l'OR£ST AVENUE MONTGOMERY, t.LA8AMA 36106 

OOUGl..AS GOODE, ADMINISfRATOR 

August 1, 1975 

Dr. Ted Marrs 
Special Assistant to the President on Human Resources 
The. w11ite House 
Washington 25, D. C. 

Dear Ted, 

Please note from the enclosures, (1) A study by Dr. Burt Edelson of Cqnsat
a suggested outline of an international Tele-Health Communications network with 
projected costs for a year's operation linking Auburn and the Hedical University 
of South Carolina with Costa Rica, Iran, Egypt, South Africa and Queen Charlotte 
Islar-ds, B.C. Canada. 

(2) ~letter . endorsing our projec t by the Secre tnry- General of H~bitat 
(United ~Tat i ons Conference on Human Settlements, Vancouver 1976). 

Vince Moseley reports that the Lister Hill Cent er of the National Library 
of Medic ine in Bethesda has also endorsed our project and suggests tha t 
Dr. Kerm.etn Endicott, director of the Health Resour<: cs Administration has funds 
avsilable that might be applied to s uch an underta king . A Dr. He rbert Ia1,l- is 
the lia s on p2rson between the Lister Hill group and Dr. Ken Endicott's Health 

'I 

Resourc es :\dmi:listration. 
Since you manage so well the implantation of projects, I hope tha t the ~ore

goj.ng infor:nation may be us eful in bringing togeth er leaders in these different 
agencj.es, that might resolve our funding probleu.s . 

We look U?On the Habitat Conference on H11man S2ttlements of the Unit2d Nations 
as an ideal opportunity to initiate a permanent oper ::i tion<l l Tele-Health network . 
before 5,000 delegates from the worldwide members hip o f the Unit ed Nations. 

The Cqnsat budget is slightly l ess than $500 , 000, noting that some o~ the 
cos ts are necessarily estimates at this time. 'fne cos t estimates on Sll'lfth statio ns 
at the various sites have not been included, nor ;1a s the cost of peripheral com:nuni
ca~ions equipment and medical instrumentation been estiraated . A reasonnb~e guessti
mate or $250,000 per installation to . include ?ersonne.l for a year's operation is 
probably conservative. 

In order to establish a definitive budget, our pr~liminary proposal requested 
$50,000 f o r a feasability study. There is some nrgency now ~o take action if we 
are to complet e the s tudy in time to ma rshal the forces necessary to have our project 
ready for the May 1976 de;iclline of the Vancouver Ha bitat Conference. 

Please call me for any addition<il ~,nformaU.crn . All or any of us wilJ_ be available 
r:o meet with you whenever necessary. 



.~ 

i~onrerence des Natrons Ur 11es Sur lt:S etablrssements huma1ns 
Vancouver1976 

S0-147/1 

Enrique Penalosa 
Secretary-General/Secretaire general 

Dear Dr. McGuire: 

·-

24 July 1975 

I vould like to say how extremely pleased I aa at your plan for 
an international tele-hea.1.th programme tied to the Habitat Confere~ce. 
Although actual installation of the facility will be up to the host count~y 
authorities, I feel certain they will agree with me that this is an extre~e: 
useful example of international co-operation which is closely related to a 
central goal of the Conference. That is, to bring modern services to ru..~ 
settlements, with medical care and training at the very top of the l ist. 

Budgetary restrictions as well as general policy for conference 
secretariats make it impossible for this organization to offer you direct· 
financial support. However, we feel that the tele-health project cl osely 
parallels the interests of at least tb=ee UN specialized agencies --
Wc:-ld Health, FAO and UNESCO -- and your proposal D.as b een sent to appropri~. : 
diYisions of ea.ch. I also think the project should be worth support fror:i. 
privc.te foundations and industries, and perhaps governments as well. 

A central goal of Habitat is to show practical examples of how 
problems of human settlements -- in viJJ.a.gcs as well as major cities -
can be solved through new ideas and techniques . But more than tbs.t, 
we feel that successful "pilot projects 11 must be follo1.;ed by broad and 
:pel'Ulanent implementation. As I have heard of ..,.ilo~ects befO!'{! on 
satellit~ health transmiss ions, I .hope you a:e _.{ncluding in your project 

_ :r-ovisions for the mounting of a pe:-manent sys· 

Dr. Hugh McGuire 
Internet ional Tele-He a.1. th Planning Group 
112 Coliseum Bouleyard 
Montgomery, Alnb8llla 36109 

485 Lexin!=jton Avenue. New Yr rk. NY. 10017 (212) 754 -123-l 
Cable: UNATIONS· Telex: 236185 
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COMMUNICATIONS SATELLITE CORPDRATlON 

Dr. Chester c. Carroll 
V..ice ·President for Research 
Auburn University 
Auburn, Alabama 36830 

Dear Dr. carroll: 

July 10, 1975 

8. I. EDELSON 
Director 

Comsat L.abora:ori~ 

The attached study describes an international communications 
network for medical and health services. that might be established 
to serve five countries using voice grade circuits in the L.~~ELSAT 
system • . We have tried to give an example of how this might be 
accomplished using a reasonable· mix of satellite services and 
terrestrial extensions. We have a l so attempted to estimate the 
operating cost for establishing a system, plus two options: one 
for t..~e use of a small earth terminal, and another for possible 
provision of- t elevision services. I hope you find this study of 
interest. 

Please understand that the attached. study is for " planning 
purposes only." It does not in any way represent a commi trnent on 
the part of the Communications Satellite Corporation to provide 
the services described. The cost estimates are based upon our 
knowledge of U.S. charges. Foreign charges which are not well 
established will be different and probably considerably higher. 

It was very nice meeting with you. Please give our regards 
to your colleagues . 

At.tachment 
t , .. . . 

cc: W. M • . McCord, M.D. 
ft 

V. · Moseley, M. D. · · 
H. c .. MacGuire, M.D./ 

. Sincerely, 

~ /!I. E.delson 

C0"1SAT LABORATOH IES • BOX 115 • Cl.J\RKSRUFlG. MO. 20734. •TELEPHONE 301-428-44'.?2 
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INTERNATIONAL MEDICAL AND HEALTH SERVICES NETWORK 

I. INTRODUCTION 

THis plan was prepared by COMSAT as a result of a re-

quest by the Medical University of South Caro lina for information 

on the feasibility of an international corranunications network via 

satellite for the transfer and exc~nge of informqtion on medicine 

and health care delivery. 

The plan describes a baseline network which utilizes the 

space segment of INTELSAT plus existing earth stations in several 

....... ' 

countries ·connected to medical center s by terrestrial interconnec-

tions. The baseline network provides voice-band communications. 

In addition, the plan includes some technical and cost information 

on two options: the use of small, customer-premises earth station'.5, 

and the provision of television service. 

II. BACKGROUND 

~ . Previous experience has indicated that useful medical 

~ervices can be provided with voice-grade circuits, a good example 

being the COMSAT-HOPE experiment held in 1973. In that case, a 

small terminal using a 2. 4 meter ( 8-.ft) reflector was placed on the 

hospital ship HOPE, which was anchored in the port of · .Maceio, Brazil . 

. '·. -. . f'!', • 

......... 

·'. ' ' . .... ~ ~ 

....... 
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The object of this experiment was to evaluate the use of the sat-

ellite link in support of a complete teaching and operating medi-

cal facility located in a remote area and equipped with only a 

low-cost unsophisticated earth terminal. The satellite link be-

tween the ship and project HOPE headquarters is shown in Figure 1 • 

.. The three voice grade circuits were used . to transmit 

voice, full-duplex teletype, facsimile, data, and slow-scan tele-

vision pictures5 All of these modes were used in various cornbina-

tions for the individual experiments and demonstrations with 

excellent results . 

Teletype was used in a full-duplex mode to support the 

administ.rative . needs of the hospital, which were supplied from 

EOPE headquarters. The voice lipk was used to permit the physi-

cians serving on the HOPE to consult with colleagues and experts 

in the U.S. 1-'acsimile was especially useful for transmitting :med-

ical information and sketches of dental restoration work, for 

instance. 

Slow-scan television was u sed in a variety of ways. The 

system allowed a picture to be "frozen," i.e., put on a local mern-

ory, and then transmitted to · the distant television monitor in 

30 seconds. A "live" scan of a stationary subject could be trans-

mi~ted in 60 seconds to provide a picture with higher resolution 

on. the receive monitor. 

During the five months of the experiment a ·nUI!'.ber of in-. 

" t.eresting ·demonstrations were made to evaluate the combined modes 
;.. : '• . '~~··· .· ., . . 

.· .. 
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c: ~unications in support of a remote medical facility. Medic~ 

c c ::-i§·tiitations were held by sending the patient's medical history 

'" 
a~~ {~dication and tre atment records in advance by teletype and 
,,,. 

The condition of the patient was monitored during •i..o 
'-·~ 

c~.~1%!·tl-J.t:ation session either by having the patient present, or by 

;a~~=it\~ polaroid pictures of the patient and sending t.l-iese via slc·

s ::~ "television. Other information transmitted .. included X-rays a: 

". 

'\ :r.4~ sample on a microscope slide. The latter was accomplishe : 

=~· 1~acing the microscope eyepiece with the television camera. 

- \ 

A .lecture on tropical diseases was delivered via satel-

...:.....:..,t~ ~y a Brazilian specialist aboard the HOPE to physician~ at 
-. 
~~? ~ clinic in Rochester, Minnesota. For this lecture, 35-r::::i. 

cc~?X- slides were sent by mail.to Rochester to be proj e cted on c~ · 
~ . 

:::..;:~- 1;.he lecturer in Brazil. Otherwise, the lecture was live, a~ . 

--~ 

~~~i~y voice -was available for questions. This mode of operatidn 

~:~ t~~d to be very effective . 

It should be noted that all of the above was accomplish 

Zi:;y-~.Uig only three voice channels. As will be shown later, the 

~1: N satellite service depends on the channel capacity requi=;..: 

. aj"~ ·"VN.ce channels require signfi.cantly less satellite resources 

~!"?~fn :lul..1-quali ty television. However, the carriers for the ex?E·. 

~1'1En~ used about 25 percent of t11e available capacity of one 

9j.R>Da:1-.bearn transponder of the INTELSAT satel lite due to the smal 

~~ Z>:f the HOPE antenna. An INTELSAT IV transponder has an annt: 
· ....... 

. . 

=-~~~ eost · of about $3 .~illion. 

".".t .... ... . , . . 
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III. A P ROP OSE D BASELIN2 HEDIC..:\.L NET\'70RK 

The baseline n e twork i s de signed· to provide inter-con -

necticns between the Me dica l Uni vers ity of South Carolina and 

five remote hos pi t .als . This network, to consist of leased voice 

circuits, could provide vo i c e , ana log and digital data (24-9600 

bps) , facsimile, and slow- scan television to be us.ed for t..11e ex-

change of medical informa tion, diagnosis, and evaluation. 

The center of the network would be the Medical Oniversity 

of South Carolina, which would b e connected to. the INTELSAT syste..~ 

(Etam, West Virginia) via land line . Satellite col':\munications 

could be provided to the following locations: 

a • a hospital in Costa Rica v i a the Nica r a guan earth 

.. ~· ;. 

station, 

b. a hospita l in South Africa via their eart..~ station near 

Pretoria, 

c. a hospital in Iran via the ir e arth station in As a d a bad, 

and 

d. a hospital in Egypt via t he ir non-sta nda rd earth statio::1" 

near Cairo. 

In addition, terrestrial intercon.~ections could b e p rovided to the 

following: 

.. a. a hospital on Que en Charlo tte Island, Canada; and 

b. other universities and me dical centers in the U.S • 

. , .. ........... __ 

*Egypt ha.s- .announce d pla.'1s to ·build a 'standard earth station in 

19 7 6 • . ;'.· " '; 

.·. , . ,,, ,, . ' ' 
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.... . 
Figure 2 indicates the network which has been envisior 

The corrmunications capability required to support this network w 

be uncertain until the system begins to function effectively. T: 

network capability is indicated in Table 1. 
Table 1. Network Capability Link 

Capability 
From the Medical University of South Carolina 

From the individual hospitals 

A. COS':'S 

1 duplex voice circuit to each of the five hospitals 1 duplex voice circuit to the Medical University of South Carolina 

The costs associated with this conununications network 

have been estimated on ~e basis of available information and 
should be considered to be at. best 2.n approximation. The costs 

in=icated here are only those associ3ted with the long-haul corr.mu-

nications services and exclude termination costs (probably minor) 

and locaJ. terminal equipment costs (p1:obably significant) • 
1. U.S. Extension Costs 

For these costs an AT&T +ate of $2.63/mile/month or 

$31.56/~ile/year was used. 

~ ,t,<(.,,a • 

... 
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2. Foreign Extension Costs 

Since exact costs will vary from country to country, the 

U. S. costs cited above have been u s e d throughout for foreign 

estimates. 

3. U.S. Satellite Service 

A current COMSAT tariff applicable to comrrDn carriers in 

the Atlantic area, $34,200 per half-ci=cuit per year, has been used. 

4. Foreign Satellite Service 

The costs of foreign satellite service are generally dif-

. ferent from (higher than) the costs o f U.S. service. However, for 

estimation purposes the U.S. costs have been used throughout. The 

cos-t.s charged. by INTELSAT for the s p a.ce segment are a part of thr~ 

satellite service costs. These space segme nt costs are presently 

$18,000 per year. The remainder of the costs are earth station 

and international conunon carrier co~;ts, which are $16, 200 for the 

U.S., but may vary for other countries. 

Table 2 is an estimate of the annual communications 

costs of a baseline system. A single time-share d circuit between 

Sout..~ Carolina and the other satellite-linked countries would r e 

duce the U.S. satellite a nd extension costs by . $154,650, and re

sult in a network total of $256,150. 

8 



Table 2. Annual Conununications Costs for a Baseline System 

Paths from t..i.t-ie Medical Ur.iversi ty 

of South Carolina .(to and from) 

A hospital in Iran (near Teheran) 

Iranian satellite link* 
Iranian extension to Teheran (300 miles) 

U.S. satellite link 
U.S. extension (550 miles) 

A hospital in South Africa (near Pretoria) 

South African satellite link* 
Sou~~ African extension (SO miles) 

U.S . satellite link 
U.S. extension 

A hospital in Egypt (near Cairo) 

Egypt.ian satellite link* 
Egyptian extension (100 miles) 

U.S. satellite link 
U.S. extension 

·,· 

A hospital in Costa Rica 

Nicaraguan satellite link* 
Costa Rican extension (225 miles) 

U.S. satellite link 
U .. So extension 

A hospital on Queen Charlotte Island 

U.S. land lines to Vancouver using special 

•10" rate (2,575 miles across the U.S.) 

Canadian land lines 

TOTAL: 

Annual Leased 
Costs 

$34,200 
9,500 

34,200 
17,350 

$95,250 

$34,200 
1,600 

34,200 
17,350 

$87,350 

$34,200 
3,150 

34,200 
17,350 

$88,900 

$34,200 
7,100 

34,200 
17,350 

$92,850 

$27,500 

18,950 
$46,450 

$410,800 

*The term "link" . indicates the half satellite circuit end termi

nating in Iran or other c_ountry. A current COMSAT tariff has 

been used to estimate r ates . Foreign rates will differ, and 

may be considerably higher. 

9 
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IV. SMALL TE fil1D1AL FOR M:S DIC.l\.L COMMUNICJ\TIONS 

A. OPTION 1 

A small ~erminal for use with an INTELSAT IV satellite 

can be placed virtually anywhere on the user 1 s premises. Such a 

·": 

terminal in the U.S. is subject to FCC regulations regarding aper-

ation and possibly interference considerations. Similar internal 

governmental ·regulations will apply to earth stations located in 

other countries. However, in the past clearances and permits have 

been obtained in virtually all cases. 

The standard earth stations within the INTELSAT system 

are required to have a figure of merit of G/T = 41 dB/K. Such a. 

station would ' have an antenna witb. a diameter between 85 and 100 

ft. Smaller antennas with a figure of merit less than 41 dB/K are 

pe:rrnitted to operate within the INTELSAT. system; however, the 

charges for the space segment, i.e., the use of the satellite, incur 

a penalty for the smaller G/T figure. 

A small terminal to operate in the INTELSAT system rnign:: 

have a G/T of 31 dB/K. Such a terminal will have an antenna wi~~ 

a diameter of 32 ft and a parametric amplifier with a noise ter:lper· 

ature of 55 K. The following is a description and cost estimate 

for this type of terminal, which is assumed to be installed at t.'foie 

Medical University of South Carolina. 

The station equipment and ;i..ts associated cost are shown 
. . . . · ~ .. 

in Table 3. · The price of the. an b~nna includes a step track syster:t 

... ,, ..... 
10 



.. 
that automatically tracks the satellite. A licensed operator must 

be in attendance to operate the station. 

Table 3. Small Terminal Cost Estimate 

10-m-diarneter antenna (RSI) 

Receiver (55-K p aramp) 

50-W transmitter and driver 

Up/down-conversion, cabling 

FM modulator/de.modulator (1 channel) 

Station test equipment 

B·aseband interface including echo 

suppressors 
. ' 

Frequency clearance, site preparation, 

installation of power, and operating 

space in a suitable building to be sup

plied by the builder 

TOTAL: 

$90,000 

25,000 

12,000 

10,000 

2,000 

10,000 

2,000 

6,000 

$157,000 

The station described i n Table 3 can operate with a 

standard INTELSAT station or with one or more similar stations in 

a small terminal network. The s'pace segment rate adjust..'T.ent factc: 

for such a small station is 2.5; i..e., INTELSAT'S charges are 2.5 

times the rate applicable to a standard station. 

To develop some tentative cost estimates for a system 

with one small earth terminal located, for example, at the Medical 

University of South Carolina, the following cost considerations 

should be included. 

Assume the . amortization of the earth station cost of 

TcJ..ble 2 over 5 years at 6-"percent: inte rest. This would yield a 

11 



yearly earth station c os t o f about $37 ,0 0 0. For a sta tion to ha~-

dle rnore than one channel, a multiple x unit (M UX) would be requi=e~ . 

The cost of this unit is estimated as $2,50 0 per cha nnel per y 2ar. 

An accurcJ.te estimate of t he co s t of the space segment 

a small s~ation is not possible. However, on the basis of the 

INTELSAT space segment charge of $18,000 for a sta~dard statioD 

link times the 2.5 small terminal penalty, the small station S?ace 

segment cost per link is $45,000 per y e ar. With these estimates, 

the cost of option 1 using one small terminal in the U.S. is 

$427,600, as shown in Table 4. This cost does not include the 

o=~ration of the small station. In addition, it should be noted 

that the above network would have one circuit betwee n the Medical 

Universi~y of South Carolina and each of four other hospitals, ~u~ 

would not have circuits linking the hospitals to e ach other. 

3. Option 2 

If television is desired, the costs increase conside~a~ly . 

If it is assumed that the small termi~al has a television tr2~~Lli~ 

and receive capabllity, the additio~al earth stat ion cos ts li s tae 

in ~able 5 will be applicable. 

12 



Table 4 . Annu2l Costs of Option 1, One Small Terminal 

Paths from the ~·!2dical University 

of South Carolina (to and from) 

A hospital in Iran 

Iranian sate llite link 

Iranian extension 
U.S. satellite link 

A hospital in Sou~~ Africa 

' south African satellite link 

South African extens i on 

U.S. satellite link 

A hospital in Costa Rica 

Costa Rican satellite link 

Costa Rican extension 

U.S. satellite link 

A hospital in Egypt 

Egyptian sat ellite link 

Egypti an extension 

U.S. satellite link 

Small earth station in NorG~ 

Carolina 

A hospital on Queen Charlotte 

Island 

U.S. land lines 
Canadian land lines 

13 

TOTAL: 

l .. nnua l Leased 
Costs 

$34,200 
9,500 

47,500 
$90,200 

$34,200 
1,600 

47 ,500 
$82,300 

$34,200 
7,100 

47,500 
$87,800 

$34,200 
3,100 

47,500 
$83,800 

$37,000 

$27,500 
19,000 

$46,500 

$427,600 



... 

Tab.le 5. Additional Cos ts of Small Terr.tin.::i.l for 

Option 2, ~elevisi9n 

High-power transmitter 

TV picture up-link equipment 

TV picture down-lin~< equipment 

Miscellaneous waveguide parts 

and cooling 

Transmitter shelter with air 

conditioning 

TOTAL: 

$60,000 

52,000 

52,000 

6,000 

6,000 

$176,000 

The television studio must be within a relatively sher~ 

distance of the earth station for cable connection; othe:::-wise, a 

terrestrial microwave link must be included in the station. 

requir·2ments for the full TV transmit station are 3 kW . 

sulti~-ig TV picture quality is about 49 -dB S/N, which is quite ;;cc 

but r.ot of standnrd broadcast quality . 

The television link wou ld occupy almost the entire J......---'-- =--

ponder in an INTELSAT satellite so that the space segment c~arqes 

would increase accordingly. As nentioned earlier, an INTELS.:.7 r.-

tr~nsponder has an annual leased cost of $J million. 

The cost estimates for the television ch~nnel for ~~= 

small terminal are given here primarily to obtain an i~dicatic~ ~ 

their magnitude. The number of stations with television cap~i:..:.. 

and network arrangements would have to be considered in soMe ee-

tail if this mode of transmission were desired. 

14 
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V. SUM:.'1:-'\.RY 

A proposed buseli!!c network with two options has been 
presented for planning purposes . A 5-sta tion s atellite network 
has been described, with one station (Queen Charlotte Island) con-
nected via terrestrial lines. This network should provide an es-
timat2 of the basic costs ·associat2d wit:h the establishment of a 
commu~ications system for providing interna tional heal th car~ a~d 
tele-medicine service. Since there are no existir.g international 
tele-medicine networks available for comparison, care should be 
exercised in extrapolating from the cost estimates proposed in 
this sb.ldy to actual operationa l n etworki ng costs. 

I 
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Enclosed is a response to Theodore c. Marrs, Special Assistant to the 
President, concerning the results of the NASA Office of Life Science's 
evaluation of a preliminary and informal study prepared by COMSAT. 

The study concerns an international communication network to be established 
to provide improved health care to five foreign locations. The evaluation 
concludes that the. establishment of the teleconnnunic.ations system is 
technically feasible, but the cost estimates are low. In response to 
Mr. Marrs' question of "exhibit value", the assessme~:--. 4AJ-geod -(fur-the 
~ ~MQ:r-eru:e-...in Way 1976). d__ . 1 . '1J ~~ ~ cl.r h"' 

C\ o ,,e.""' ~ v...-""' Iv~ +v- pV'l...ch~ I °""'- po/, -n~~ f"l.-C< ,f ~, • . 

ACTION: · 

Recommend Gen. Crow sign the enclosed ltr. 

'· 

"I 
Enc l osures: 
1. Proposed ltr to Marrs 

for signature of ADA . 
2. Incoming ltr fr Marrs 

dtd 9/22/75 
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Nl\51\ 
National Aeronautics and 
Space Administration 

Washington, D.C. 
20546 

Reply 10 A1in Of'. SBR July 22, 1976 

TO: Ames Research Center 
Attn: L/Director of Life Sciences 

Johnson Space Center 
Attn: DA/Director of Life sc·iences 

FROM: SER/Director, Medical Sciences Division, NASA Hqs. 

SUBJECT: · Preparation of Proposals for AIBS Evaluation 
for Scientific Merit 

In accordance with OSS policy (Enclosure 1) and the further dir·ection 

established by the NASA Director for Life Sciences following the 

June meeting of the Life Sciences Working Group at Galveston 

(Enclosure 2), NASA in-house research tasks will receive the same 

peer review for scientific merit as out-of-house research. 

In the Life Sciences, we will continue to utilize the AIBS peer 

review system. These reviews will take place three times per year 

on a fixed schedule, each November, March, and July. Each AIBS 

review session will actually consist of ~wo parts. ' The first will 

be a meeting of the mult~disciplinary biomedical review panel, a 

standing conuni.ttee of. approximately 12 appointees, for evaluation of 

new unsolicited · proposals. The second portion will consist of the 

review of our on-going research tasks in a single problem area (not· 

necessarily confined to a single RTOP) by an ad hoc single discip

linary panel comprised of the appropriately aiscipline-oriented 

individuals of the standing committee plus three or four new ad hoc 

appointees who are distinguished in that disciplinary area. 

According to the first year schedule, the first such r~view, to take 

place in November, 1976, will be devoted t o our cardiovasc.ular 

research program. The March, 1977, meeting will review our bone , 

muscle, fluid and electrolyte . research; and the July, 1977, session 

will cover our vestibular research. · 

Each. and all of our research tasks ar·e to be evaluated . by this system, 

both new unsolicited proposals and on-going research effor.ts, and 

both in-house and out-of-house tasks. The only exceptions will be 

RFP selections and straight hardware development tasks. These will 

be subject to review as on-going tasks but not to initial review as 

new research proposals. 



.. . ·' 

On-goi~g research is to be evaluated every three years. Tasks which 
have been initiated out of synch with this cycle should. be reviewed 
in the immediately forthcoming cycle if they are in their second 
year of activity or more since their initiation. If still in their 
first year of activity, they need not be reviewed again until the 
next 3 year cycle if they ha"ve already had an AIBS review prior· to 
their initiation. However, all tasks which have not previously 
received an AIBS review must be included for review in this first 
three ·year cycle. The only exceptions will be straight hardware 
tasks and RFP selections still in their first year of activity. 
Disciplinary areas not included in the first .year schedule noted 
above will be covered in the second and third year .of the cycle. 
Advanced notice will be given as soon as the full 3 year schedule is 
established. 

Having reiterated and amplified the S and SB policies and procedures 
for peer review of our research in the foregoing paragraphs, I would 
like to turn attention to the second major purpose of this 
connnunication. 

2 

It is recognized that our in-house scientists are generally less 
accustomed to writing proposals for this kind of review than outside 
investigators. The following guidelines, and Enclosures 3 throt.;gh 6, 
are therefore offered to assist our people in preparing their own 
proposals as well as to enable them to assist others within their 
areas of res_ponsibility. 

The following general comments apply: 

1. The AIBS reviews are conducted at the same level of detail 
and sophistication as those carried out by the NIH study s_ection 
system. Proposals to be reviewed should, therefore, contain. the. same 
kind and quality of information and cover the same segments as 
required by the NIH. 

2. Neither NASA nor the AIBS requires a spec~fic form or format 
to be followed (Enclosure 3). · However, in view of the similiarity of 
AIBS and NIH reviews, it is strongly advised that our proposals be 
prepared to contain the same infonnation and general organization as 
NIH g·rant applications (Enclosure 4), whether or not the exact same 
captions, format, or manuscript instructions are followed. Some 
"investigators' license" is acceptable and perhaps should be allowed, 
but all areas should be covered clearly and fully, and succintly • . 
Length of the proposal and amount ~f verbiage are not valid criteria 
for successful review, either in theo+y or in fact. If the 
Center Life Sciences Directors feel that there may be an advantage 
to a more rigid format, they are at iiberty to require it of their 
personnel, although not of out-of-house investigators. 
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All NASA scientists are urged to study the NIH instructions (both 

green and white) and forms very carefully (Enclosure 4). Pages 8 

and 9 of the white instruction sheet are especially important. The 

face page of Section I may be used as is, with irrelevant elements 

crossed out, if desired. I have crossed out other ~on-pertinent 
areas· throughout this enclosure in an attempt to avoid confusion. 

3. Funding and budget information is not to be included in NASA 

in-house proposals. It is to be included in out-of-house proposals, 
however. 

3 

4. All proposals, whether new or for continuation, in-house or 
out-of-house, are to be received in my office by the 1st of the month 

pr-eceding the month of the AIBS reviews. These deadlines will, there

fore, be October 1, February 1, and June 1, respectively. This will 

allow the individual AIBS reviewers 1 month for their evaluations 
prior to meeting times, allowing time for distribution. 

5. Please s:ubmit an original and 3 good copie·s of each proposal. 

Further copies will be made either here or at the AIB~, as required. 

This should ease problems of mailing and handling volume. 

To provide added assistance, I have enclosed two more items which 

I believe. will be helpful. Enclosure 5 is a list of evaluation 

criteria which the AIBS distr.ibutes to its reviewers for their use. 

Finally, Enclosure 6 is a group of three proposals which received 

very high ratings by the AIBS, together with the summaries of their 

evaluations. These may be useful as approximate models for our 

people in preparing their own proposals. The scoring sys·tem used by 

the AIBS ranges from one to five, with one meaning excellent, and five, 

poor. 

In closing, I might emphasize that all of the foregoing pertains to 

evaluations for scientific merit, only. The issue of relevance will 

be determined separately by _SB on the basis of in-house inputs.. The 

determination for funding will be made as a resultant of both evalu

ations, and the final decision will be that of the NASA Director for 

Life Sciences. 

If I can provide any further information or help to resolve any 

questions in this regard, please feel free to call or write. I 

wi:)"~ ~appris~~evelopments as they occur • 

. t~.1 
Enclosures (6) 

1. Dr. Hinners Memo on OSS Peet' Review Policy, July 13, 1976 

2. Minutes, Life Sciences Steering Committee Meeting, Galveston, TX 
3. NASA (PY) Instructions for Grant Application 
4. NIH Grant Application Instructions and Forms 
5. AIBS Evaluation Criteria 
6. Three Examples of Highly Rated Proposals {by AIBS) 
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Reply to Attn of 

N/\S/\ 
National Aeronautics and 
Space Adryiinistration 

Washington, D.C. 
20546 

July 13, 1977 
Adjustment Branch 
Special Processing Unit (IMF) 
IRS Service Center 
Box 30177 
Memphis, Tenn. 38110 

Attention: Ms. Gladys Henderson 

Dear Ms. Henderson: 

I am writing to you on the advice of the Baileys Crossroads 
Taxpayers Service Division to request abatement of penalty and interest, 
the IRS statement for which is enclosed. Grounds for my request are 
that my (wife and self) tax return and payment were not late . They 
were mailed on April 15, 1977 at the ma.in post office-In Washington, D.C., 
which had a special receiving system set up for tax returns at that 
time. The late penalties were entered into your computer because of a 
small but apparently unique problem that arose because of the way my 
payment check was addressed. It was a NASA Washington Federal Credit 
Union check (copy enclosed) wihich was ma.de out to the IRS and myself, 
I did not realize that the check was ma.de out to both parties and, 
consequently, required my endorsement before the IRS could cash it. 
The IRS returned it to me for my signature 2 to 3 weeks later and I 
signed it, wrote a brief note of apology, and returned it the same day. 

This was in no way a late payment or a breach of good faith. At 
most, it was an honest mistake for which a penalty of any kind, let 
alone one of $19.51, seems grossly unwarranted. 

The chronology of events is as follows: 

4-15-77 I obtained the Credit Union check (copy enclosed) 
and mailed it with my tax return (joint return for 
wife and self) to the IRS. 

4-30-77 (approximately) I received my check from the IRS 
with request to endorse and return it. I did this, 
enclosed a brief note of apology, and mailed it on 
the same day. 

5-31-77 or 6-1-77 I received the IRS notice, dated 5-30-77 
(copy enclosed), that I owed the amount of my check 
(mailed with endorsement a month before) plus penalty 
and interest. I elected not to respond, in accordance 
with instructions given in the first paragraph on 
the reverse side of the IRS statement. I did check 
with the Federal Credit Union, however, and learned 
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that the cancelled checks for May had not yet been 
tabulated, but they would know in a few days whether 
this check had been processed. A week later, they 
informed me that they did have the cancelled check, 
and they then forwarded a copy to me (copy enclosed). 

7-5-77 I received the IRS statement dated 7-1-77 ( copy en
closed) informing me that I now owe the penalty and 
interest payment in the amount of $19.51. 

7-13-77 I telephoned the Baileys Crossroads Taxpayers Service 
Division in an attempt to correct this matter. They 
indicated that they did not have the regulations at 
hand that would cover this kind of situation, and 
advised me to write this letter (with enclosures) to 
you for rational human intervention. (My interpreta
tion.) 

I believe that these charges are unwarranted and contrary t o the 
intent of the law, and I ask that the computer data system be relieved 
of this pseudo-debt, myself as well. Whatever you can do to straighten 
the problem out will be much appreciated. 

Sincerely yours, 

f / / 
I / / 

/ I // . 

//, /. // ,.._,--'_,;:;~· / 

S. P. Vi~~' M.D. 

Home Address : 6529 Sothoron Road 
McLean, Virginia 22101 

Telephones: Office - (202) 755 3723 
Home - (703) 356 8998 

Social Security Number: 398-07-3505 

Document Locator Number: 54211-127-00543-1 

-.... __ , 
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I. Attendees 

Chainnan: 

Members: 

Sumnary of Minutes of the 
Ll.fe Sci~s Ccmnittee Meeting 

November 3, 1976 - 0830-1700 fburs 
November 4, 1976 - 0830-1300 fburs 
NASA H~s, Rn. 5026, FOB-6 

Marylarrl Avenue, SW 
Washington, OC 2054q 

Whedon, G. IX>nald 

Booo, victor P. 
Gardner, Re€rl M. 
fk>lloway, Harry c. 
Horsfall, Janes G. 
Jones, Mary Ellen 
LaCelle, Paul L. 
Wetscher, John A. 
Marr, Allen G. 
Sheridan, Th:mas B. 
Spizizen, John 
Sprugel, George 
Spurlock, Jack M. 
Ward, C. H. 

Executive Secretary: Jones, wait.on L. 

NASA Personnel & In- Buchanan, Paul (KSC) 
vitea Participants: Chambers, Lawrence (H:lqs) 

Cohen, Nathaniel B. (H:lqs) 
Deutsch, Stanley (H:lqs) 
Dietlein, Lawrence F. (JSC) 
D.mning, Ibbert W. (H:lqs) 
Farrell, Richard M. (H:lqs) 
Feng, IDuis (H:lqs) 
Greem-iood, Lawrence (H:lqs) 
Glaltierotti, T. (Italy) 
Halstead, Tlx:>ra, W. (H:lqs) 
Klein, H. P. (AOC) 
·Larsoo, Carl (Hiqs) 
~, Gene (H:lqs) 

. .. IitLaughlin, Siward (Univ of TX) 
Nicogossian, Arnauld (Hiqs) 
Pool, Sam L. (JSC) 
Potter, Arrlrew . (JSC) 
Sharp, Joseph C. (JSC) 
9nith, William L. (Iiiqs) 
Sadin, Stanley (Hiqs) 
Vimgrad, Shennan P. (H:lqs) 
Walter, I.Duis s. (Q.SFC) 
Winter, David L. (H:lqs) 

Presentation 

Presentation 

Presentation 
Presentation 

Presentation 
Presentation 

Presentation 
Presentation 

l 
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Visitors: Benson, Johan (AIM) 

Clauser, O. W. (Tm) 
Diehn, B. (Senate Space carmittee) 
Defrees, R. H. (Tm) 
Knupp, John (E. I. Dupont) 
f.brris, w. P. (McDonnell Douglas) 
Rahlf, John (Tm) 
Shumann, William G. (Senate Space carmittee) 
SUln, H. S. (Tm) 
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II. Agerrla - Attadment I 

III. Presentation Material on File 

Agerrla Item 

2 

3 

4 

5 

6 

8 

9 

10 

11 

12 

Document 

Life Sciences Aspects of LANDSAT 

Viking Results 

Science Briefing of past & Future 
Experinents in Vestil:ul.ar Functions 
Research 

NASA Stratospheric Physics Program 

St?tus_of Shuttle Environm:mtal 
Impact Statemant 

Highlights of 7th US/USSR Medical 
& Biology Vbrking Group Meeting 

Description 

Viewgraph CX)pies 
26 pages 

Viewgraph copies 
16 pages 

Viewgraph copies 
21 pages 

Viewgraph CX)pies 
25 pages 

Viewgraph copies 
- 19. pages 

Viewgraph CX)pies 
8 pages 

Status of Science Review of Spacelab Viewgraph copies 

1 (SL-1) Payloads 23 pages 

Search for Extraterrestrial In

telligence (SEI'I) 

Vbrksoop on Cultural Evolution 
11/24-25, 1975 

Space Shuttle Astronaut & Mission 
Specialist Merlical Selection 
Criteria 

Shuttle EMU/t+ID Plans & Features 

Viewgraph CX)pies 
19 pages 

Brochure, 35 pages 

Viewgraph copies 
11 pages 

Viewgraph copies 
35 pages 
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IV. Meeting Highlights 

>. . 

The meeting was fully open to the public . There were nine 

members of the public in attendance. They did not make an oral 

or written statement. 

Item 1. Administrative. The meeting was convened by the 

Chairman . One new member was introduced. The minutes of the 

prior meeting were approved as distributed. The dates of the 

next two meetings were reconfirmed: 

February 9-10, 1977 
June 1-2, 1977 

Johnson Space Center 
Washington, DC 

It was decided the following meeting would be held on 

November 2-3, 1977, at Washington, DC. 

Item 2. Life Sciences Aspects of LANDSAT . Mr. Louis S . Walter, 

Chief, Earth Survey ~lication Di vision., Goddard Space Flight 

Center, briefed the committee on the Life Sciences Aspects of 

LANDSAT following the format suggested by this committee at their 

last meeting. The collaborative program with the U.S. Department 

of Agriculture was discussed along with the operational capability 

development timetable. Efforts of mapping irrigation land use 

in China were noted. Very little has been done on shoreline 

erosion or on mineral deposits. The Watershed of Four-Mile 

Run in Virginia is being studied with the U.S. Army Corps of 

Engineers. 

The bands of available sensors are not matched with the features 

needed. They do provide for 30 meters resolution. Ground cali-

bration will be achieved using controlled plots of plants grown 

. --- - - ·- ·- .. -- ---- -- ---- ------
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in green houses and outside . The variables will be fertilizer, 

moisture, etc. The committee noted plants grown under glass 

will yield a different signature from those grown outdoors. 

Observations will be made from a cherry picker. The plan is 

to use a quanitative approach eJ:Cperimentally with microwave 

techniques. The goal is to complete this new look and develop

ment in ten years. In reply to a question it was stated 

specie differentation is not always possible. But by doing 

a survey in January, pine trees could be differentiated from 

hard w::x:xls as done by the Earth Resources Lab at Bay 

St. Louis, ttis·sissippi. 

Other studies underway include a look at water quality in Lake 

Chesdin Reservoir, Virginia. LANDSAT is being used to help 

with the sampling sites. Moreover, an area of good quality in 

lake previously unknown was found. The technique U3ed responds 

well to algae and s i lt. Another example of LANDSAT studies 

underway is the plant succession study at Texas A&M, which is 

noting changes in the biomass. A vegetation index is being 

developed. It relates to th! absolute biomass. The color 

bands denote pounds/acre with an accuracy of ± 200lb/acre. 

Stripmining in Maryland is being studied using a digital pro

cess on revegatation categories. 

The comnittee recomnended a life scientist be added to the 

organization for day to day participation. It is unierstood su~..h 

is planned in the near future . It w~s noted U.S. Depattment of 



Agriculture is now funded and staffed specifically for this 

collaborative work with NASA . The comnittee questioned the 

capability of LANDSAT to help with the ground truth problems 

at KSC documenting Shuttle exhaust effects. The resolution is 

insufficient for this task presently, but later improved 

capability will be of assistance. 

5 

Item 3. Viking Results. Dr. Harold Klein, the Biology Te.am Ieadez 

of Viking, reviewed in detail the results of life science and 

related experiments on Viking 1 and 2. He concluded that while 

findings are compatible with the presence of biology on Mars, 

they can also be explained 1:::rj very reactive surface chemistry, 

unlike anything seen in terrestrial soil sarrples. The Mars 

soil seemed to be very oxidative in nature; perhaps containing 

peroxides capable of reacting in the presence of water and/ or 

nutrient to release gases which mimic biological rcetabolic 

processes. The problem DCM is to do sufficient grourrl based 

experiments and a&iitional martian experiments to distinguish 

between possible biological reactions and inorganic chemical 

reactions in the Viking experiments. Both instrurrents have 

functioned very -well and experim:mts will continue into the 

exterrled mission - to April 1977. No macroscopic fonns of life 

have been seen with the Viking imagin;J system. 

The cxmnittee was pleased to oote that the issues raised earlier 

1:::rj the cxmnittee, sterilization and carmand potential, were resolved 

satisfactorily and presented oo problems. Dr. Klein stated that 

"Viking Managatent has been good to U$ o II 



The committee approved a resolution congratulating NASA as 

follows : 

6 

Resolution of the Life Sciences Comnittee 4 November 1976 

"The Life Sciences Comnittee (LSC) unanimously congratulates 

and commends the biological scientists and investigators of 

the Viking program. The scientists and managers have been 

very responsive to the recomnendations of the LSC . The results 

of the Viking biology experiments are exciting. The scientists 

maximized the scientific output by being very adaptive during 

the course of the Viking experiments. Viking is providing 

the data it was sent to acquire. This is one of 

the few completely successful Life Sciences experiments 

conducted without a major hitch." 

Item 4 . Science Briefing of Past and Future Experiments 

in Vestibular Functions Research. Dr. David L. Winter, the 

NASA Director for Life Sciences made introductory remarks 

followed by a detailed briefing by Dr. T. Gualtierotti, 

the Principle Investigator of the previous vestibular experi

ment in 1970. Basically, the experiment was the measurement 

of the transfer function at the end organ level utilizing single units 

on two frogs. The committee recomnends: that plans be made 

for progressing to mamnals (Dr. Winter noted rodent preparations 

are ready and a squirrel monkey preparation will be ready in a 

year); that single unit experiments are complex, but a large 

number of units should be substituted for t1Jne; circadian effects 
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on the firing rate should be determined. The committee noting 

the likelihood. of crew sickness the first few days of Shuttle 

flights & querried the effectiveness of drugs or preadaptation 

measures in this area . Dr . Winter stated: (1) there are no 

ground analogue techniques availabl~ and (2) t.~e goal of 

the next vestibular flight experiment is to differentiate 

whether this is a central neurological problem or a peripheral 

one, i . e., an efferent effect or a distortion of afferent action. 

Dr . Gualtierotti feels it could be a mechanical transducer 

problem and if no solution is found, artificial gravity should 

be considered . The minimum necessary amount of acceleration 

for relief must be determined . In response to a question, the 

following data requirements for this type of experiment were given: 

a data rate of 500 bits/sec, with a frequency response of 10,000 to 

100,000 cps, the rise time being very important . 

The committee wishes to reemphasize the high priority of research 

in this area. 

Item 5 . NASA Stratospheric Physics Program. Dr. Greenwood 

the Director of NASA's Upper Atmospheric Research program, 

reviewed the status and plan for that program. That program, 

carried out in cooperation with other federal agencies, is 

attempting to understand better the upper atmosphere and man's 

influences on it . The program consists of two broadly different element. 

One is a long-term research program to develop an organized body 
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of knowledge of the physics, chemistry, and transport processes 

in the stratosphere . The other is a short-term project to assess 

quantitatively the impacts upon stratospheric ozone of Space 

Shuttle exhaust effects, aircraft exhaust products, and chloro-

fluromethanes. NASA does not have a specific organizational 

responsibility for the evaluation of effects of stratospheric 

changes upon biological organisms. NASA does, however, have a 

responsibility to understand what these biological effects are 

··in order to (a) assess the impact of its own activities, and 

(b) enhance its contribution to the national research program. ln 

addition, a new national program to conduct research on the bio-

logical effects of decreased stratospheric ozone is now being 

initiated. NASA will play a part in this activity. Dr. Winter 

noted EPA has the lead role in this biological program and has 

reprogrammed $4 million of its own funds for this purpose. 

Item 6. Status of Shuttle Environmental rmpact Statement . 

Dr. Potter of Jolmson Space Center reviewed the progress being 

made with the revision of the Shuttle impact statement. The 

committee felt the statement should be carefully worded relative 

to a possible increase in skin cancer so that it will be taken in 

the proper perspective. The statement will be ready for circulation 

next year. The statement for KSC should be redone. The one for 

Vandenberg is underway. The KSC ecology program related to 

Shuttle should provide the data necessary to verify the model 

prediction. 

Item 7. Discussion. The previous items were discussed as 
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they were presented and recomnendations were formulated and 

stated as reported in those items. 

Item 8 . Highlights of 7th US/USSR Medical and Biology 

Working Group Meeting. Dr . Winter briefed the comnittee on 

9 

the background of this activity and the matters discussed at the 

seventh meeting. The meetings are held on 10-12 month cycles 

with sites alternating i n each country . This meeting was 

held in the USSR . At first the meetings were predominantly 

on manned space flight , rut they now cover biology as well. It 

is basically a forum for the exchange of infonnation. The 

first part of the meeting covered the final scientific 

results of KOSMOS 782 experiments. There were 18 presentations 

on mamnalian studies, 9 on biological experiments and 7 on the 

results of radiation- physics and radiobiological experiments . 

Some of the findings related to a new approach to manned problems, 

such as the decrease in red cell mass, and the persistent negative 

calcitml balance . There was a complete cessation of bone growth 

during flight as measured using decloITrt"cin to mark the growth 

rings. This is the first insight into bone growth. There 

was considerable discussion on the interpretation of the radiation 

data. Dr. Bond wishes to follow-up on the radiation experim:mts. 
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The next USSR flight will have plants and drosophilia on the 

centrifuge. We will try to get a rodent experimant on the 

continuous rotating centrifuge. The acceleration will vary 

with the experiment location along the radius up to lg. 

The second part of the meeting was conducted out of Moscow 

and concerned an exchange of information on manned flights. 

Some of the soviet data had been released at the past COSPAR 

meeting. One of the cosmonauts had to wear a support suit 

for several days post-flight. On a shorter flight, a treadmill 

was used, as well as a portable LBNP. They were used in 

training rather than as a diagnostic test. The crew ingested 

considerable fluid prior to reentry. The USSR still regards the 

vestibular problem as first priority for the problem is not solved. 

Their crews continue to be ill. 

The conferees explored the possibility of some joint ground 

based studies - possibly on bed rest. The next meeting will be 

in the U.S. in about a year. Vestibular training will be 

compared. The Soviets use a 6° head down posture. Another 

subject will be the role of modeling. Discussions on this area 

have been low key. The U.S. modeling efforts are thought to 

be better than the soviets . We are awaiting their results. 

The vestibular systems research will be reviewed with emphasis 

on training and prediction techniques. The diagnostic criteria 

of vestibular disturbance used by the USSR are nore subjective 

and the subjects are so trained to r~port. They believe fluid 
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shifts are the principle cause. In swmnary, the goals of the 

working group continue to be tl2 development of coDJDOn pro

cedures, standard protocols, continuing joint flight experiments, 

and joint participation in future ground based studies. 

Item 9. Status of Science Review of Spacelab 1 (SL-1) 

Life Sciences Payloads. Dr. Winter briefed the committee on 

the status of the life science reSPOnses to the Annon~ri+: n-f 

Opportuni ty for SL-1. Not many reSPQnses had been exnected hP.r-.n.11.se 

the primary objective of SL-1 is to verify the Spacelab svsten am sub

objective of SL-1 is to verify the Spacelab system and sub-

system performance capability and there were rrany constraints on 

the mission which would affect biological experiments . However, the 

number of life sciences responses was overwhelming - 43% of the total 

of 323. The categories assigned during peer reviews were discussed. 

There were nine experiments in Category I, "RecOIIDJlended for 

Immediate Acceptance." The proposed investigations in Category I 

and perhaps II, will be arranged by NASA into candidate payloads 

compatible with the missions. Inhouse and outhouse proposals 

received the same review. At this time, the European proposals are 

not known here . The selection of the U.S. and European experiments 

will be made at the Associate Administrator for Space Science level. 

The comnittee will be kept informed. 

An Announcement of Opportunity for the first two dedicated Life 

Sciences missions will be issued in the spring of 1977. Those 

dedicated flights probably will be 12-14 days in duration. Later 

30 day missions will be mde. 
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Item lo·. Search for Extraterrestrial Intelligence (SETI) • 

Mr. Stan Sadin of the Office of Aeronautics and Space Teclmology 

briefed the committee on work on SETI at the NASA Ames Research 

Center. The role of this low level program is to detect signals 

of extraterrestrial intelligent origin. Six workshops have been 

held . The rationale used is that there is no reason to believe 

the earth civilization is unique. There urust be others. The 

challenges are, "Are we alone?" "Do civilizations survive?" 

"Can we join the galactic community?" However, there is no known 

star with planets except our sun. Efforts are directed to studies 

of planetary detection and signal parameters. The strategy is to 

listen rather than transmit, concentrating on the low end of the 

microwave window. The current budget is $300,000/year. 

Item 11 . Space Shuttle Astronaut and Mission Specialist 

Medical Selection Criteria . Dr. Sam Pool, Chief, Space Clinical 

Medicine Branch, Johnson Space Center (JSC), briefed the camU.ttee on this 

selection program. Between 1959 and 1969 NASA had seven astronaut 

group selections with a total of 73 persons. Of these, 65 are 

living, 43 have flown missions and 29 remain with Astronaut 

status. In 1977, an eighth group of 30 will be selected. 

NASA is developing standards Class I, II, and III for pilot~, 

mission specialists and payload specialists respectively. There 

is an outstanding call for candidates in the first two categories. 

The examination will be limited to the top 150-200 applicants as deter

mined by their submi tted records, and will be accomplished by a board 
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at JSC, at the rate of 20/ week, 14 August-23 October 1977. Final 

selection will be by 30 December 1977. 

Item 12. Shuttle EMU/MMU Plans and Features. Mr. William 

Smith, Manager, Life and Crew Support of the Office of Advanced 

Development, briefed the committee on the features of the 

Shuttle space suit and man maneuvering unit. There is a one 

year delay in the development. The estimated cost is $15,000,000 

for this equipment to be used on the first 6 flights. The suit 

features detachable parts, such as torso, arms, legs, to permit 

individual sizing with fewer overall suits. There will be no separ

ate individual suits as were utilized in prior flight programs. 

This should result in savings and a lower inventory. A motion 

picture was shown demonstrating range of motion in a prototype 

suit. The manned maneuvering unit will permit the space suited 

crewmen to work in the open payload bay and around the orbiter 

for the purposes of inspection, repairs, and operations . 

Item 13. Discussion . The previous items were discussed 

as above. The LSC made the following additional comments: NASA 

should investigate drugs which will affect the vestibular 

efferent pathways. The area of neuropharmacology is very 

difficult. The research should be confined to animals, the 

results must be clearly demonstrated on the ground, and the 

dose response curves must be developed. J-Dreover, the option should be 

maintained to relate new cardiovascular results with vestibular 

tests. The search should continue for a relatable ground test 

for space motion susceptibles. Dr. Luetscher suggested that tes t s 
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include a tilt table or a Lower Body Negative Pressure Test to 

eliminate quickly the natural "fainters." 

The cormnittee voted to send Drs. Marr and Spizizen to the 

Planetary Quarantine Program Review in January. The results 

will be reported at the next meeting of LSC. 

V. Conclusions & Recormnendations 

As stated above under respective items. 

VI. Next Meetings 

Three meetings are planned in calendar 1977: 

February 9-10, 1977 in Houston, Texas 

June 1-2, 1977 in Washington, DC 

November 2-3, 1977 in Washington, DC 

Date 
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MEDICAL PROGRESS 

HEPATIC BILE FORMATION (First of Two Parts) 

NORMAN B. jAVITT, M.D. 

EXCEPT that hepatic excretory function is fre
quently disturbed during the course of many ill

nesses, attempts by investigators to understand the 
physiologic mechanisms governing bile formation 
might better be delayed until more fundamental 
knowledge has accumulated in the basic disciplines 
that must be applied to the problem. These disci
plines include the structure of water, 1 water transport 
across biologic membranes, 2 solute transport across 
biologic membranes 3 and the structure of mem
branes.4 In these reports studies of transport across a 
variety of tissues are described, but in none does one 
find a study of transport function of the liver. Inves
tigators usually try to limit the number of variables 
with which they must contend, and therefore choose 
to study isolated cells or thin-walled epithelial struc
tures, where there is ready access to both sides of the 
membrane for the measurement of both chemical and 
electrical gradients and of bulk changes in water 
movement. By these criteria, the bile secretory appa
ratus is not ideal and therefore is not an attractive 
model for developing concepts of solvent flow and sol
ute transport. 

Hepatic bile formation and its disorders can be con
sidered in relation to the major components of bile: 
water; bile acids; lecithin ; cholesterol; bilirubin; and 
a variety of miscellaneous compounds present in the 
daily diet or in medications. These compounds in
clude food dyes and preservatives, artificial sweeten
ers, tranquilizers, diuretics and antibiotics. Complete 
chemical classification of all the types of solutes dis
solved in bile is not possible, but for purposes of this 
review they can be recognized as organic compounds 
that may be negatively charged (anions), positively 
charged (cations) or uncharged (neutral). The prob
lem of cholesterol and lecithin excretion has been re
viewed on frequent occasions in the past few years in 
connection with gallstone formation and will not be 
further discussed. My focus will be the generation of 
bile water flow and the transport of bile acids and bil
irubin and related organic anions. 

FUNCTIONAL ANATOMY 

The studies of Rappaport5 permit one to delineate a 
microcirculatory unit that has functional importance 
within the liver acinus. 6 The arterial blood entering 
the acinar lobule supplies first the bile ductules, and 
then, together with blood from the portal vein, goes to 
the hepatic parenchymal cells (Fig.1 ). In this mari-

From the Department of Medicine, New York Hospital-Cornell Medical 
Center, 525 E. 68th St., New York. NY 10021, where reprint requests should 
be addressed to Dr. Javitt. 

Supported by a grant (AM-1 620 I) from the National Institute of Arthri
tis, Metabolism and Digestive Diseases. 

ner, the many compounds entering the mesenteric cir
culation from the gut are directed to the hepatocytes 
for processing, before entry into the systemic circula
tion. 

At the sinusoidal level one can start with the knowl
edge that all blood enters the acinar lobule via the 
portal venule and hepatic arteriole and leaves via the 
hepatic venule. The microcirculatory unit that sup
ports the hepatocytes consists of the arteriolar-portal 
pedicle, a sinusoidal glomus, and at least two termi
nal hepatic venules. Of functional relevance is the 
question of whether each hepatocyte is exposed to si
nusoidal plasma of identical composition. Logically, it 

Figure 1. Microcirculatory Hepatic Unit (Reproduced from 
Rappaports with the Permission of the Publisher). 

The unit consists of the terminal portal venule (TPV) with the 
sinusoids branching off it and forming a glomus; the hepatic 
arter iole (HA) lacing with its branches forms a plexus around 
the terminal bile ductule (SD). The arterioles empty either di
rectly (1) or via the peribil iary plexus (2) into the TPV and si
nusoids. The sinusoids run along the outside of cell plates 
and cords, inside which are the capillaries of the hepatic se
cretory and excretory system. The glomus of sinusoids is 
drained by at least two terminal hepatic venules (THV); 

LY = lymphatics. 
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is easy to visualize a sinusoidal segment beginning as 
a continuation of a portal venule and terminating in a 
hepatic venule with unidirectional plasma flow. From 
this model it must follow that fluid entering the space 
of Disse at the portal end with the highest concentra
tion of solutes is directed at adjacent hepatocytes. The 
amount of solute removed by the hepatocytes will de
pend on the type of t~ansport system. For compounds 
that can diffuse through a membrane, the hepatocyte 
exposed to the highest concentration will contain the 
greatest amount. Solutes that require a carrier in the 
membrane for transport will behave differently, de
pending on the availability of carrier molecules. With 
a low ratio of carrier to solute molecules, the concen
tration of solutes will fall very slowly along the sinus
oid, and each hepatocyte will be exposed to approxi
mately the same concentration. As the ratio of carrier 
molecules to solute increases, the concentration gra
dient will fall more steeply across the sinusoid, and 
eventually the hepatocytes closest to the hepatic ven
ule may not have any exposure. An autoradiographic 
study of n-galactose uptake by the hepatocytes il
lustrates the concept of nonuniform exposure of he
patocytes to solutes. 7 Assuming uniform capability in 
galactose removal by membrane carrier, the hepato
cytes considered to be closest to the portal venous end 
of the sinusoid contain more galactose than those clos
est to the hepatic venous end. A similar apportion
ment probably applies to many compounds, and can 
explain the periportal distribution of hepatocyte inju
ry seen with some hepatotoxins. 

However, the concept of a gradient along the sinus
oid must be tempered with the cinematography of the 
sinusoidal circulation. 8 It appears that the course of 
blood through the sinusoids is not always unidirec
tional because of an anastomotic network of sinusoids 
suspended between the portal and hepatic pedicles. 
Resistances in the sinusoidal network can vary from 
moment to moment, and therefore the path through 
the network will change appropriately even though 
the overall flow remains unidirectional. Branches of 
the hepatic artery appear to emp.ty intermittently in
to sinusoids at various angles, 9 thus rapidly altering 
the rate and direction of flow. This anatomic ar
rangement tends to lessen the effect of a gradient in 
concentration along the sinusoid and provides a 
mechanism for exposure of the hepatocytes to sinu
soidal plasma that in toto is of more uniform compo
sition. The existence of a space of Disse between the 
hepatocyte and the sinusoidal membrane and pulsa
tile pressure changes within the sinusoids allow for 
some mixing of solutes before hepatocyte uptake and 
function to reduce the steepness of the gradient. Thus, 
although the basic anatomic arrangement is that of a 
nonuniform distribution of solutes to hepatocytes, the 
steep gradient that could occur is modified somewhat 
by a sinusoidal network that allows for variations in 
the course of plasma flow and for a stirring of fluid in 
the space of Disse. 

Canalicular bile flow in the lobule is in a direction 
opposite to sinusoidal plasma flow. The functional im-

plications of this arrangement pertain to the nonuni
form distribution of the solute load. Thus, hepato
cytes at the portal venous end of the sinusoid can elab
orate a canalicular bile containing solutes in higher 
concentration than those at the hepatic venous end. 

The bile, rich in solutes, flows opposite to sinusoi
dal plasma flow and therefore does not come in con
tact with hepatocytes that may contain lesser amounts 
of the same solute. The flow pattern reduces diffusion 
of solutes from bile into the hepatocyte. Also, for sol
utes that may enter bile by a carrier-mediated trans
port mechanism, the high concentration of solute mol
ecules at the canalicular surface would slow the func
tion of the carrier. Thus, the flow of canalicular bile 
"counter" to the sinusoidal plasma flow favors the for
mation and maintenance of a bile with a high concen
tration of organic solutes. 

CANALICULAR BILE FLOW 

The central problem of bile formation is under
standing the mechanisms that generate bulk move
ment of water into bile canaliculi. The possibilities in
clude all mechanisms postulated for water movement 
in biologic systems. These are categorized as pinocy
tosis, active water transport and passive water flow in 
response to osmotic or hydrostatic gradients. The 
studies of Brauer10 using the isolated perfused liver 
showed that bile flow was largely independent of the 
sinusoidal perfusion pressure, thus eliminating hy
drostatic pressure as an important mechanism for the 
generation of bile flow. The essential finding was that 
the hydrostatic pressure used to perfuse the liver and 
therefore the sinusoidal pressure was less than the hy
drostatic pressure produced by elevation of the can
nulated bile duct. Under these conditions, bile con
tinued to flow. These data led Sperber11 to suggest 
that water flow occurred in response to osmotic 
gradients. Further delineation of osmotic mechanisms 
has been explored for almost 20 years, and a sizable 
body of information is available for review. Other pos
sible mechanisms do not appear to be sufficiently at
tractive to warrant thorough exploration for genera
tion of bile flow, and their exploration may come 
about only if it is found that osmotic mechanisms can
not fully satisfy the requirements. 

QUANTITATIVE ESTIMATION OF CANALICULAR BILE 

FLOW 

The possibility that a reference solute could be used 
to estimate water flow in the bile canaliculi came 
about when Schanker and Hogben12 found that man
nitol distributed in liver-cell water. Studies of water 
flow in the nephron had shown that mannitol accu
rately reflected glomerular filtration and did not dif
fuse appreciably from the tubule. Thus, estimation of 
mannitol output in urine as compared to the plasma 
concentration indicated total water flow across the 
glomerular membrane, and the urine-to-plasma con
centration ratio indicated the fraction of water reab
sorbed distal to the glomerulus. The finding of man
nitol in liver-cell water and bile immediately led to the 
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possibility that it could similarly reflect water move
ments in the biliary tree. To interpret the excretion 
rate of mannitol and similar molecules in bile, it is im
portant to review the relation of transmembrane sol
ute and solvent flow in the light of the more recent 
concept of membrane structure. 

The lipid-bilayer concept of the membrane, 13 to
gether with data indicating that the osmotic perme
ability of membranes was greater than diffusional per
meability, 1• provided evidence of water flow through 
pores in the membrane. When it was found that man
nitol (molecular weight of 182 daltons), which dis
tributed in extracellular volume, entered in the liver 
cell, it was reasonable to assume that the liver-cell 
membrane had pores larger than other parenchymal 
cells. Further evidence for a pore theory could be de
rived from the finding that slightly larger molecules 
such as sucrose (molecular weight of 342 daltons) did 
not gain entry as readily into liver-cell water or bile. 

However, polymers such as polyethylene glycol 
(molecular weight of 4500 daltons) that also distribute 
in extracellular volume penetrate the hepatocyte and 
appear rapidly in bile. 15, 16 In common with mannitol, 
polyethylene glycol 4500 can also be used to estimate 
glomerular filtration and canalicular bile flow. Yet it 
seems unlikely that the mechanism by which each 
compound penetrates the hepatocyte is the same. The 
hepatocyte was considered exceptional to have pores 
sufficiently large to accomodate mannitol, and it 
would be stretching current concepts even further to 
propose pores large enough to accomodate polyethyl
ene glycol. Thus, it is reasonable to consider other 
mechanisms by which these molecules may enter the 
hepatocyte. 

More recent studies indicate that cell membranes 
are mosaics. The lipid bilayer is penetrated by pro
teins that may be asymmetrically arranged, and later
al movements of both lipids and proteins within the 
membrane can occur. 17 Of perhaps fundamental im
portance to water flow were the data indicating that 
differences in diffusional and osmotic permeabilities 
are largely artifacts of unstirred layers and that water 
can diffuse rapidly across lipid bilayers. 18 These more 
recent findings imply that although mannitol and 
polyethylene glycol 4500 are present in approximately 
the same concentration in plasma and liver-cell water, 
the routes of entry may be different. This alternative 
view can be supported by recent findings in other 
biologic systems such as the erythrocyte19 and toad 
bladder, 20 in which it has been found that solute mol
ecules such as urea do not flow through aqueous pores 
together with water. 

An entirely different conception of solute distribu
tion in vivo has been proposed by Ling, who questions 
the barrier function of the membrane21•22 as the ex
clusive determinant of intracellular solute distribu
tion. According to Ling, intracellular water is highly 
oriented because of its hydration or bonding to in
tracellular proteins and the ionic structure of the cat
ions associated with these proteins. Thus, unlike ex-

tracellular water, which is free to diffuse randomly, in
tracellular water has fewer degrees of freedom. Solutes 
therefore do not diffuse intracellularly because energy 
would be required to reorient the structured intracel
lular water. 

Thus, in addition to the initial interpretation for the 
presence of mannitol in liver-cell water as entry via 
pores, more recent studies provide the possibilities of a 
specialized transport system in the membrane or 
regulation by cytoplasmic water structure. 

The usefulness of mannitol as an index of canalicu
lar water flow is not necessarily dependent on flow 
through aqueous pores. Rapid equilibration with wa
ter entering the canaliculi by any mechanism will suf
fice, provided the relation remains constant at all flow 
rates and provided all the mannitol that flows with 
water into the more distal segments of the biliary tree 
is recovered in bile. Data derived from the studies of 
secretin-induced choleresis23 and taurocholate infu
sion in dogs,24 taken together with the known behav
ior of mannitol in the renal tubules, provide strong ev
idence that diffusion from these distal segments does 
not occur. Thus, the concentration of mannitol in bile, 
as compared to the plasma concentration, estimates 
the fraction of water in bile derived from canalicular 
segments. 

It may be important to specify that because of the 
rapidity with which mannitol equilibrates at the can
alicular level, a flow of water in and out of canaliculi 
might not be detected. Schanker25 tried to distinguish 
between direct entry of mannitol into bile via an ex
tracellular route (tight junctions) and entry via the 
hepatocyte into bile. He found that equilibration of 
mannitol between plasma water and liver-cell water 
occurred within 60 seconds. It was not technically 
possible to ascertain if this rate was appreciably dif
ferent from equilibration between plasma-cell water 
and bile water. Although no evidence exists for a can
alicular circulation of water, it would be unlikely to be 
detected by mannitol. Therefore, it is perhaps more 
accurate to conclude that mannitol estimates net can
alicular flow - the volume of water that flows from 
the canaliculi to the more distal regions of the biliary 
tree per unit time. 

GENERATION OF CANALICULAR BILE FLOW 

Since hydrostatic forces are apparently unimpor
tant, only osmotic mechanisms will be discussed. Be
cause of the excellent correlation between bile acid ex
cretion and canalicular bile flow (r > O. 9) in all spe
cies, including man, 26 the term bile-acid-dependent cana
licuLar bile flow has been coined to describe this ob
served relation. Further studies of the phenomenon 
led to the recognition that bile-acid-dependent flow is 
demonstrable only at high rates of bile acid output. As 
the bile acid pool is depleted, canalicular bile flow is 
relatively well maintained and appears to become in
dependent of bile acid output. 

Quantitative estimation of a bile-acid-independent frac
tion cannot be obtained directly. It is derived from 
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Figure 2. Relation b_etween Bile Acid Excretion and Biliary 
Manni to I Clearance in 1 O Patients Undergoing Total Bile Di
version via a T-tube with an Occludable Distal limb (Adapt-

ed from Schersten et a1.2s.29). 

Regression equation for mannitol clearance versus bile acid 
excretion at rates above 5 µmoles per minute, y = 0.011 x 
+ 0.17. Extrapolation (interrupted line) to zero bile acid ex
cretion gives a positive intercept implying continued bile 

flow (bile-acid-independent fraction). 

studies in which mannitol excretion rates are ob
tained at several different rates of bile acid excretion 
and a regression line calculated that is then extrapo
lated to zero bile acid excretion (Fig. 2). This method 
was established with use of infusions of sodium tauro
c_hola~e in the dog23 but was challenged by observa
tions m the rat, 27 guinea pig and rabbit. 28 In the latter 
species it was difficult to establish linearity between 
canalicular bile flow and bile acid output at high rates 
over a wide range, particularly when sodium glycode
oxycholate and glycochenodeoxycholate were in
fused. However, recent findings in man29 clearly con
firm the observations in the dog (Fig. 2). Ten sub
jects, seven to 12 days after uncomplicated operations 
for cholelithiasis, consented to total biliary diversion 
via a T-tube with an occludable distal limb. The rela
tion of bile acid excretion to mannitol excretion was 
determined over a 12-hour period. The bile acid com
position of the drained pool consisted of the glycine 
and taurine conjugates of chenodeoxycholic and chol
ic acids. Moreover, after depletion of the endogenous 
pool, infusion of chenodeoxycholate or cholate into 
the duodenum was followed by rapid excretion in the 
conjugated forms . The changes in mannitol excretion 
rates obtained were not different from those occur
ring during depletion. Thus, a linear relation exists in 
m~n at bile acid excretion ratios above 5 µmoles per 
mmute. 

BILE-ACID-DEPENDENT BILE FLOW 

The physiological basis for the linear relation be
tween canalicula r bile flow and bile acid excretion is 
a~sum~d to be related to the osn:iotic properties of the 
bile acids. A physical property of the bile acids is the 

formation of polyanionic molecular aggregates or mi
celles above a certain concentration in aqueous solu
tion. The critical micellar concentration and its mo
lecular size are determined by the species of bile acid 
and are modified by the ionic concentration of sodi
um and other salts and also by the cholesterol and lec
ithin content of bile. With recently available laser 
light-scattering technics, 30 sodium glycochenodeoxy
cholate (molecular weight of 472 daltons) was esti
mated to have a micelle weight of 11 ,400 in pure so
lution and 27 ,000 in a solution in which the molar ra
tio of bile acid to lecithin was 3: 1, a ratio naturally oc
curring in bile. 31 No direct estimates are available of 
the range of molecular weights of the mixed micelles 
composed of bile acid, lecithin and cholesterol pres
ent in bile. Presumably, the linear portion of the rela
tion between bile flow and bile acid excretion occurs 
because the mixed micelle composition of bile re
mains constant - only the rate at which these mi
celles form varies directly with the rate of bile acid se
cretion. Recently, 32 analysis of the relation of canalic
ular bile flow to bile acid excretion at rates ranging 
from 2 to 105 µmoles per minute per gram of rat liver 
showed that a series of regression equations could be 
derived with varying slopes depending on the bile ac
id concentration in bile. The slopes of the regression 
lines showed significant changes (P<0:001 ) from a 
value of 0.090 at bile acid concentrations below l 0 
mM to a slope of 0.012 at concentrations between 30 
and 45 mM. Although this very careful analysis con
firms the essential role of bile acids in generating can
alicular bile flow it implies that micelle size may in
crease together with bile acid concentration, thereby 
reducing the osmotic gradient as indicated by the pro
gressive decrease in the slope of the regression equa
tions. The findings also indicate that calculation of the 
bile-acid-independent fraction by the use of one re
gression equation is subject to error. 

It is not known where molecular aggregation occurs 
during the process of bile formation. The bulk of the 
bile acids secreted each day represent the enterohe
patic recirculation of the existing bile acid pool. To 
this pool are added bile acids newly synthesized in 
the hepatocytes by a process beginning with hydrox
ylation of cholesterol by microsomal enzymes fol
lowed by the conversion of these dihydroxy cholester
ols to dihydroxy and trihydroxy coprostanes, and then 
by degradation of the side chain by mitochondrial en
zymes to form C-24 bile acids that are then conjugat
ed to glycine and taurine by enzymes associated with 
the lysosomal fraction. 33 During the transport process 
from sinusoidal plasma to hepatic bile, the concen
tration of bile acids can increase from 0.2 to 60 µmole 
per milliliter, a change from molecular to micellar so
lution. Because the mannitol concentration of hepatic 
bile is approximately equal to plasma, it is thought 
that there is little water reabsorption in the biliary 
tree and that therefore the step-up in bile acid con
centration occurs at the level of the biliary canalicu
lus. T he possibilities are that either the bile acids are 



r ' 1468 THE NEW ENGLAND JOURNAL OF MEDICINE Dec. 23, 1976 

prepackaged at some intracellular or membrane site 
and then secreted in a mixed micelle into bile or there 
is molecular transport into the canaliculus followed by 
aggregation into micelles. The presence of cholesterol 
and phospholipid in the micelle implies a close rela
tion to membrane but does not distinguish between 
solubilization of these membrane components after 
micelle formation or formation in association with 
membrane compounds. The secretion of rnembrane
associated enzymes, such as S'-nucleotidase, 34 is also 
correlated with micellar bile acid excretion but also 
cannot critically distinguish between the two possi
bilities. 

Bile acids that cannot form micelles cause a pro
portionally greater increase in canalicular bile flow35 

than micelle-forming bile acids and do not increase 
phospholipid excretion. A molecular mechanism for 
their secretion by some membrane-mediated carrier 
would be consistent with these findings and by infer
ence also implies that one exists for micelle-forming 
bile acids. Since hepatic bile has never been demon
strated to be absolutely free of bile acid, and actually 
prolonged biliary drainage29 has shown continued ex
cretion at rates of approximately 2 µmoles per min
ute, it seems reasonable to think that a molecular 
transport system could exist to account for secretion 
rates below the micellar concentration in bile. Alter
natively, however, it could be argued that at low rates 
of bile acid excretion, there is still accumulation at 
some prepackaging site before secretion into the can
aliculus. After secretion, the micelle could be diluted 
by the bile-acid-independent fraction of canalicular 
bile and by the secretion of inorganic salts and water 
by the bile-duct epithelium, giving a final concentra
tion in hepatic bile below the micellar concentration. 

Because canalicular bile flow at low rates of bile ac
id excretion is greater than would be predicted from 
extrapolation of the regression line, an independent 
source for the extra amount of water has been sought. 
However, by making certain postulates concerning 
the physiologic properties of the canaliculus, it is pos
sible to argue that the bile acids can account for all 
canalicular bile flow. The permeability properties of 
the canalicular membranes and perhaps the proxi
mal smallest ductules determine the effective osmotic 
pressure generated by the bile acids. The Staverman* 
reflection coefficient36 (u) is a quantitative statement 
of the ratio of solute to solvent molecules that can pen
etrate a membrane. A value of 1 indicates complete 
impenetrability of the membrane to solute molecules 
and therefore the establishment of an osmotic gradi
ent that generates solvent flow towards the imperme
ant solute. Complete permeability of both solute and 
solvent (A.sf/ Awf = 1, u = 0) implies rapid diffusion 
of solute across the membrane and no effective os
motic gradient for the generation of water flow. Be
cause the permeability properties of canalicula r and 

• Staverman reneclion coefficient, " = I - A,r/ Awr, where Asr = effective 

pore area available lo solute molecules, & Awr = effective pore area 

available lo water (solvent) molecules. 

small ductular membranes are not known, no predic
tion can be made about the osmotic gradients gener
ated by molecular and micellar solutions of bile ac
ids. By postulating a high reflection coefficient for 
both molecular and micellar species, one would pre
dict that canalicular bile flow would be relatively 
greater at low concentration before micelle formation 
begins. As a result of molecular aggregation, the mil
limolar concentration rises more rapidly than the mil
liosmolar concentration, causing a different relation to 
be observed between canalicular bile flow and micel
lar bile acid excretion. Although hepatic bile is al
ways very close to 300 mOsm per liter, its capacity to 
generate water flow in vitro can be readily demon
strated if it is placed in a dialysis sac (Visking tubing) 
against 300 mOsm per liter of sodium chloride. !so-os
motic saline will rapidly flow into and swell the dialy
sis sac because the bile acids are relatively imperme
able to the cellulose casing, thus generating an os
motic gradient. Until fluid can be collected directly 
from canaliculi by micropuncture, or more is learned 
about the permeability properties of canalicular mem
branes, a complete answer to the role of bile acids in 
generating canalicular flow seems unlikely. 
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CASE 52-1976 

PRESENTATION OF CASE 

A five-year-old boy was admitted to the hospital be
cause of meningitis. 

H e was well until 10 days previously, when a sore 
throat and fever developed . He was seen at another 
hospital, where erythromycin was prescribed. The 
sore throat improved, but fever persisted, with mal
aise, abdominal discomfort and a stiff neck. During 
the five days before entry his family noticed slight 
slurring of his speech and a tendency to sway to ei
ther side on walking. One day before admission he 
was seen at a second hospital. The white-cell count 
was 12,000, with a slight shift to the left. An x-ray film 
of the chest (Fig. 1) revealed bilateral pleural effu-

30. Small D: Size and structure of bile salt micelles, Molecular Association 
in Biological and Related Systems. Edited by RF Gould. Washington. 
DC, American Chemical Society, 1968, pp 31-52 

31. Holzbach RT, Oh SY. McDonnel ME. et al: Quasielastic laser spec
trometry studies of pure bile salt and bile-salt-mixed lipid miceller sys
tems, Proceedings of the Symposium on Mycellization, Solubilization 
and Microemulsions. Edited by KL Miual. New York, Plenum Press 
(in press) 

32. Balabud C, Kron KA, Gumucio JJ: The assessment of the bile sail no n· 

dependent fraction of canalicular bile water in the rat. J Lab Clin Med 
(in press) 

33. Danielsson H: Mechanisms of bile acid biosynthesis. The Bile Acids. 
Vol 2. Edited by PP Nair, D Kritchevsky. New York, Plenum Press. 
1973, pp 1-32 

34. Javiu NB: 5'-Nucleotidase activi ty of rat bile. C l in Res I 3:255A, 1965 
35. Vonk RJ. Jekel P, Meijer DKF: Choleresis and hepatic t ransport 

mechanisms. II. lnOuence of bile salt choleresis and biliarv micelle 
binding on biliary excretion of various organic anions. ·Naunym 
Schmiedbergs Arch Pharmacol 290:375-387. 1975 

36. Staverman AJ: The theory of measurement of osmotic pressure. Reel 
Trav Chim Pays-Bas 70:344-352, 1951 

sions, questionable bronchopneumonia and cardiac 
enlargement. A lumbar puncture yielded cerebrospi
nal fl uid that contained 6300 white cells per cubic mil
limeter, of which 84 per cent were neutrophils and 16 
per cent mononuclear cells; the protein was 20 mg, 
and the glucose 12 mg per 100 ml; a culture yielded 
Haemophilus influen;;ae, as did a nasopharyngeal swab. 
Fluids were given intravenously, and ampicill in was 
administered. On the following day he was trans
ferred to this hospital. 

The child was born of a normal, full-term pregnan
cy and delivery, and his growth and development were 
normal. There was no history of headache, respirato-

Figure 1. Radiograph of the Chest Obtained One Day before 
Entry, Showing Cardiac Enlargement, Small Pleural Effu

sions and Streaky Perihilar Infiltrates Bi laterally. 
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MEDICAL PROGRESS 

HEPATIC BILE FORMATION 

(Second of Two Parts) 

NORMAN B. jAVITT, M.D. 

B1LE-Acrn-INDEPENDENT BILE FLow 

S~dium trai:sport is under investigation as a physi
ologic mechanism for the generation of the bile-acid
independent fraction of canalicular bile flow. The 
e!ectrolyte content of bile at low bile acid output con
sists mostly of inorganic sodium salts. Since it is 

k?own that sodium transport provides an osmotic gra
dient for bulk water flow across other membranes in
t~rest has centered on its role in hepatic bile for~a
t1on. 

Studies of the sodium-potassium gradient across 

erythrocyte membranes have led to the recognition of 
a membrane carrier. 37 A specific macromolecule in the 

membrane continually transfers sodium outwardly 

an~ potassium inwardly. Energy for the "pump" is 
derived from hydrolysis of adenosine triphosphate by 

adenosine triphosphatase, which may a lso function as 
the carrier molecule. Addition of ouabain or other car

diac glycosides inhibits activity of the system. Because 
this model results in an exchange of solutes with no 

net transport, there is no osmotic gradient and no as
sociated water flow. 

By interposing two membranes with different bio

logical properties, it is possible to use the sodium 

pump concept for the generation of water flow. A 

model was proposed by Curran38 (Fig. 3) in which a 
sodium pump results in bulk flow of water into the 
cell, followed by diffusion of electrolyte and water 

across a second, porous, nonselective membrane. By 

means of this concept, evidence was developed to 
demonstrate that the same system exists in the gall-

From the Department of Medicine, New York Hospital-Cornell Medical 

Center. 525 E. 68th St., New York, NY I 002 I, where reprint requests should 

be addressed to Dr. Javitt. 
Supported by a grant (AM-16201) fro m the National Institu te of 

Arthri tis. Metabolism and Digestive Diseases. 

bladder.39 A general model, the standing gradient hy

pothesis based also on a strategically located sodium 

pump in the cell membrane (Fig. 3), was also devel
oped and can account for water flow either into or out 
from the cell. 40 The rapid flow of water in response to 

~he l~calized transport of sodium provides rapid equil-
1brat10n and an apparent iso-osmotic state. 

Because of the general applicability of the sodium

pump model for generation of water flow, it is also 
considered the leading physiologic mechanism for the 
generation of bile-acid-independent canalicular bile flow. In 

an attempt to evaluate this mechanism, inhibitors of 
the sodium pump such as ouabain and ethacrynic 

acid were given to animals. Initially, a reduction in 
canalicular bile flow was reported to occur in rab

bits,41 but other studies in rabbits and other species, 
both in vitro and in vivo, now indicate that these 

agents increase canalicular bile flow. 42
•
43 In retro

spect, it may have been nai've to assume that the ad

dition of ethacrynic acid or ouabain to perfused liver 
systems is analogous to its use in separated erythro
cytes or thin epithelial membranes and that any re
sult could be interpreted as evidence for or against the 

role of a sodium pump. Thus, the concept can still be 
considered a possibility, but one untested critically. 

Other agents, such as theophylline,4 4 •
45 hydrocor

tisone46 and phenobarbital, 47 have been found to in

crease bile-acid-independent canalicular bile flow. 
Administ~ation of 300 mg of theophylline or 200 mg of 

hydrocort1sone to dogs weighi"ng between 15 and 30 

kg causes a prompt 33 to 72 per cent increase in both 

water and inorganic sodium salt excretion without an 
increase in bile acid excretion. A dose-response rela
tion could not be demonstrated. With radioactive hy
drocortisone, it was possible to show that some of the 

administered compound was excreted in bile, and its 
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Figure 3. Models of the Sodium Pump for Water Flow and for 
Organic Anion Transport. 

Three figures are shown. The upper and lower left figures 
show proposed locations of a sodium pump for the genera
t ion of water flow. In the upper figure, often referred to as the 
double-membrane model, the sodium pump is located in the 
external surface membrane, and an osmotic gradient is 
generated, causing water flow into the cell , followed by flow 
of solute and solvent through a nonselective, porous mem-

brane along the lateral surface. 
In the lower figure, the " standing-gradient" model is il
lustrated, with the sodium pump located at a strategic site in 
the lateral surface membrane, causing a local increase in 
sodium concentration and a flow of water into the lateral 

space (adapted from House1). 
The figure on the right (adapted from Schultz and Currans2) 
illustrates one model of organic anion (OA) transport coupled 
w ith sodium. A carrier (C) in the membrane forms a complex 
w ith Na and OA at the exterior surface of the membrane, 
where the extracell ular fluid is rich in sodium. The carrier 
complex then moves across and dissociates at the inner 
membrane surface, where sodium concentration is low. This 
action causes uncoupling of the carrier-QA complex and 
entry of OA into the cell. The transported sodium is then 
pumpect extracellularly through the sodium-potassium ex
change mechanism that derives energy from hydrolysis of 

ATP. 

appearance coincided with the onset of choleresis. 
With use of less sensitive technics, theophylline excre
tion in bile was not established, but could not be ex
cluded completely. The apparently low excretion rate 
of these agents in bile makes it unlikely that a suffi
cient osmotic gradient occurred to generate the in
crease in canalicular bile flow, even though an excre
tion of 1 µmole of compound can generate from 8.3 to 
23.8 µliters of bile. 48 

Theophylline is known to increase the intracellular 
level of cyclic AMP.49 It is reasonable, therefore, to at
tribute its choleretic effect to an increase in hepatocyte 
cyclic AMP. Further support can be derived from 
the choleretic effect of glucagon, which is known to 
increase cyclic-AMP levels in the hepatocyte, and 
the choleresis induced by etazolate hydrochloride 
(SQ20009), a phosphodiesterase inhibitor. 41 The link 
between cyclic AMP and water flow is believed to be 
via sodium transport. In several tissues, including the 
gallbladder, it has now been shown that elevation in 
intracellular cyclic AMP inhibits sodium chloride ab-

sorption.1° Chloresis attributable to this mechanism 
may therefore imply an increase in the loss of sodium 
chloride and water in bile because of decreased ab
sorption. This interpretation is consonarit with the ef
fect of ouabain, a known inhibitor of the sodium 
pump, that also induces choleresis. Thus, the find
ings concerning the mechanism of generation of the 
bile-acid-independent water f low fit into the framework 
of knowledge concerning transport in other tissues. 
However, to establish these reasoned extrapolations 
as actual mechanisms will require precise data ob
tained by direct studies of liver tissue. 

Phenobarbital will induce an increase in canalicu
lar bile flow in rats beginning six hours after a single 
intraperitoneal injection. Choleresis can be blocked 
by prior administration of either actinomycin D (dac
tinomycin) or cycloheximide and therefore may be re
lated to protein synthesis in some subcellular compo
nent.11 Further evidence for a relation to protein syn
thesis can be obtained from the study of Berthelot et 
al.,47 done after four days of phenobarbital adminis
tration to 37 rats. Bile flow increased from an aver
age of 9.6 to 14 mg per minute per 100 g of body 
weight, and liver weight from an average of9.6to13.3 
g. Correction for the change in liver weight results in a 
virtually unchanged bile flow. Thus, the choleretic 
and other known effects of phenobarbital in rat liver 
may be mediated by mechanisms different from theo
phylline and other agents that do not affect liver 
weight (i.e., protein synthesis) . 

The sodium pump has also been linked to organic 
anion transport, and it is fitting that this hypothe
sis be tested for the movement of bile acids across bio
logic membranes. Currently proposed sodium-linked 
transport mechanisms have in common a mobile car
rier with high specificity and avidity for the organic 
anion. 12 Although a carrier for bile acids has not been 
isolated from ilea! mucosa, the site for active intesti
nal bile acid transport, a liver membrane fraction has 
been identified that appears to have specificity toward 
bile acids. 13 The role of sodium in the transport sys
tems has several variations. In one model, the carrier 
molecule can bind either organic anion or potassium. 
The carrier thus transports an organic anion from 
outside to inside, where it exchanges for potassium 
that is then carried to the outside. The progressive loss 
of intracellular potassium is prevented by the prox
imity in the membrane of the sodium-potassium ex
change pump that obtains energy from the hydrolysis 
of ATP. Another version, the ion-gradient hypothesis 
(Fig. 3 ), envisions a ternary complex of organic anion, 
mobile carrier and sodium that occurs in the high 
sodium environment external to the cell. The carrier 
complex dissociates at the internal membrane surface, 
a region of low sodium concentration that is main
tained again by the sodium-potassium exchange 
pump. Other variations of the relation of these var
iables can be envisioned. The challenge is the design
ing of experiments that can critically evaluate the 
many possibilities. The concept of a carrier stereo
specific for bile acids but requiring sodium would re-
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concile the unique role of the bile acids in generating 
bile flow with a dependence on sodium for its opera
tion. 

The transport of bile acids across ilea! mucosa is 
thought to be sodium dependent, 54 and substitution of 
lithium for sodium causes a reduction in bile acid se
cretion by the liver. 55 Thus, studies attempting to eval
uate sodium dependence in bile acid transport sup
port the general hypothesis. 

Models for organic anion transport exist that are 
unrelated to sodium. By postulating a mobile carrier 
that undergoes configurational changes at the inner 
and outer membrane surface with a concomitant 
change in binding affinity, it is possible to obtain di
rectional solute transport. Control of the configura
tional state of the carrier could be linked to the activi
ty of other membrane components that may be inde
pendent of the sodium-potassium exchange. 

CHOLESTATIC LIVER DISEASE 

One could consider abandoning the term cholestasis 
because it is not strictly defined and is used in the 
description of a variety of problems. Nevertheless, it 
does always connote a disturbance in bile flow. For 
the purpose of this review it refers to disturbances in 
the generation of canalicular bile flow that are not as
sociated with gross abnormalities in hepatic or bili
ary-tract morphology such as hepatitis, cirrhosis or 
mechanical obstruction. Thus, the focus is on possible 
disturbances in the generation of bile flow at the mo
lecular level. 

Four categories of defects can be envisioned. One 
group would be genetic or acquired defects in the syn
thesis of carrier molecules. The second group would 
relate to energy sources needed to maintain mobile 
carrier activity such as the sodium-potassium ex
change pump requiring ATP and appropriate hydro~ 
Jase enzymes. The third category would be changes in 
the permeability properties of the canaliculi and prox
imal ductules that normally restrict diffusion of mole
cules that are actively secreted. Estrogen in high dose 
is known to reduce canalicular bile flow, and, at least 
in part, the mechanism appears to be a change in cell 
permeability as estimated by polyethylene glycol56 

and by sucrose.57 
A fourth category that can be associated with cho

Jestasis concerns meta be !ic alterations in bile acid 
synthesis affecting the generation of canalicular bile 
flow. Increased amounts of trihydroxy coprostanic ac
ids have been reported in two families with neonatal 
cholestasis,58•59 but the relation of the metabolic ab
normality to the cholestasis has not been defined. 

Experimentally, monohydroxy bile acids such as 
3a-hydroxy-5/j cholanoic acid (lithocholic acid) and 
3/j-hydroxy-5-cholenoic acid can induce a severe cho
Jestasis. The pathogenesis of the cholestasis is related 
to the insolubility of the compounds in aqueous solu
tion, and their cholestatic effect is preventable by the 
simultaneous infusion of chenodeoxycholic or cholic 
acids.60 It has been reported that before cholestasis, 
lithocholic acid accumulates in bile canalicular mem-

branes and causes a marked increase in membrane 
cholesterol concentration, with no change in phos
pholipids. 61 These biochemical alterations are conso
nant with the distortion of bile canalicular membrane 
structure that precedes the cholestasis seen by both 
transmission62 (Fig. 4-6) and scanning electron mi
croscopy (Fig. 7 and 8). 63 With the onset of cholesta
sis, evagination of canalicular membrane into the can
aliculi and Joss of microvilli occur. This sequence of 
events was not found to occur with either estrogen-in
duced cholestasis or bile-duct ligation, thus implying 
a different pathogenesis. Morphologic studies at later 
times reveal the widely dilated canaliculus devoid of 
microvilli characteristic of many types of cholesta
sis. 64 

Since it is now known that 3/j-hydroxy-5-choleno
ate is present in the meconium of normal neonates65 

and in the urine of infants with biliary atresia66 it is 
reasonable to ask if it can be implicated in the patho
genesis of neonatal cholestasis. Favoring cholestasis 
would be a high ratio of mcinohydroxy to dihydroxy or 
trihydroxy bile acids and reduced or absent sulfoki
nase activity since the ester sulfates of monohydroxy 
bile acids do not cause cholestasis. 

The Jack of a cholestatic effect of the ester sulfates 
and presumably of glucuronides, if found in vivo, is at
tributable to their enhanced water solubility as com-

Figure 4. Freeze-Fracture Replica of a "Normal " Bile Cana
liculus (X 37,400) (Reproduced from Miyai et A1.s2 with the 

-Permission of the Publisher). 
Fractured surfaces of microvilli are studded diffusely with in
tramembranous granules, which are more numerous on con
vex surfaces. Inset in right lower corner ( x 21,300) is a trans
mission electron micrograph of a " normal" bile canaliculus. 
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Figure 5. Freeze-Fracture Replica of Early Bile Canalicular 
Changes Induced by Lithocholate (X 55,200) (Reproduced 
from Miyai et At.62 with the Permission of the Publisher). 

Some of the microvilli are elongated and flattened. Intra
membranous granules are fewer or absent in the microvilli 

that are disfigured. 

pared to the nonesterified compound. 67 Thus, glucu
ronidation or sulfation of the single hydroxyl group 
greatly increases hydrogen bonding to water and di
minishes the need for solubilization of monohydroxy 
bile acids in the micellar structure of dihydroxy and 
trihydroxy bile acids. The data obtained thus far in
dicate that the monohydroxy bile acids are present in 
relatively small amounts and are predominantly ester 
sulfates, thus minimizing a possible role in cholestasis. 
However, these findings are in infants with estab
lished cholestasis, late in the course of the disease. Un
til we can identify infants at the inception of the cho
lestasis, the critical information is unobtainable. 

ORGANIC ANION TRANSPORT AND CANALICULAR BILE 

FLOW 

Considerable circumstantial evidence exists that or
ganic anions such as bilirubin, iopanoic acid, sulfo
bromophthalein and indocyanine green share a com
mon transport system but one that is separate from 
bile acids. Membrane fractions from hepatocytes have 
been reported to contain proteins that bind sulfobro
mophthalein68 and bile acids 53 with little overlapping 
specificity. In vivo it has been shown that bolus injec
tion of bile acids does not alter the disappearance rate 
of sulfobromophthalein from plasma.69 Also, infusion 
of bile acids increases rather than decreases the maxi.
mum excretion of the dye. 70 Abnormalities such as the 

Dubin-Johnson syndrome, in which there is a marked 
decrease in the capacity to excrete sulfobromophthal
e1n and conjugated bilirubin, with normal or near 
normal serum levels of bile acids, 71 and Byler's syn
drome, 72 with marked elevations in serum bile acids 
and relatively normal levels of serum bilirubin, also 
imply independent transport systems. 

However, the frequent occurrence of cholestatic 
jaundice in response to medications suggests that an 
inter-relation between the two transport systems does 
exist. One possible inter-relation may be the depen
dence of organic anion excretion on the generation of 
canalicular bile flow. It is of interest that the secre
tion of bilirubin conjugates in bile is not associated 
with an increase in bile flow even though a 100-fold in
crease in the concentration ofbilirubin conjugates can 
occur. 73 Under certain circumstances, such as the in
fusion of large amounts of bilirubin into newborn 
Macaca monkeys, bile flow may almost cease as the 
concentration of bilirubin rises progressively in bile. 74 

In the rat75 and the dog76 it was possible to demon
strate a dependence of the maximum excretion rate 
(Tm) of bilirubin on canalicular bile flow, a finding 
that supplements the earlier studies of O 'Maille, 
Richards and Short on the enhancement of sulfobro
mophthalein Tm by bile acid infusion. From this in
formation it seems reasonable to formulate the prin
ciple that the transport system specific for bilirubin 

Figure 6. Thin Section of the Bile Canalicular Region 30 Min
utes after Infusion of Lithocholate ( X 22,000) (Reproduced 
from Miyai et At.62 with the Permission of the Publisher). 

A bile canaliculus is dilated, with loss of regularly shaped mi
crovilli. The canalicular membrane is transformed into thin 

lamellar folds. 
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Figure 7. lntercellular Space (White Arrow) between Two He
patocytes Extending from the Space of Disse (Black Arrow) 
toward the Area of the Tight Junction (T J) Adjacent to the Bile 
Canaliculus (BC) (Scanning Electron Microphotograph, 
Original Magnification x 5000, Reproduced from Layden et 

Ai.63 with the Permission of the Publisher). 

and related organic anions accomplishes the delivery 
of these compounds into the biliary canaliculi. For 
further transport through the biliary passages, inde
pendent water-flow-generating systems are required. 
It follows from this relation that any severe distur
bance in canalicular bile flow will decrease organic 
anion excretion. Thus, conjugated hyperbilirubine
mia will occur with severe cholestasis even though 
there may be no primary disturbance in bilirubin 
transport. 

O 'Maille, Richards and Short suggested that the 
increase that occurs in the Tm of organic anion trans
port in response to augmented flow is attributable to 
the accelerated rate at which organic anions are swept 
away from the canalicular membrane, thus enhancing 
their rate of transfer per unit time. However, it then 
became apparent that not all agents that increase can
alicular bile flow also augment the Tm of sulfobro
mophthalein. Thus, theophylline, which increases 
canalicular bile flow, does not increase the Tm of sul
fobromophthalein . 77 At least three possibilities have 
been proposed to explain the difference between the 
effect of bile acids and that of theophylline and similar 

compounds. Theophylline may be excreted in bile and 
may inhibit sulfobromophthalein transport, thus low
ering concentration of the dye and masking the en
hancing effect seen with augmented canalicular flow. 
Methods used to estimate canalicular bile flow do not 
distinguish between increased flow per canaliculus 
and recruitment of additional canaliculi. Thus, theo
pbylline may increase flow per canaliculus but not the 
number of hepatocytes contributing to bile forma
tion. The bile acids may recruit more hepatocytes a nd 
thus raise the number of parenchymal cells contribu
ting to organic anion secretion. Further evidence for a 
recruitment phenomenon may be derived from the en
hanced Tm for sulfobromophthalein attributable to 
phenobarbital, which increases both liver weight and 
bile flow. It has also been proposed that the micellar 
structure of bile acids incorporates sulfobromo
phthalein molecules, thus lowering the chemical ac
tivity of the dye and favoring enhanced membrane 
transport. However, it has been shown that although 
phenolphthalein glucuronide, indocyanine green and 
dibromosulfonphthalein, the dibrom analogue of sul
fobromophthalein, 78 all sediment with the bile acids 
on ultracentrifugation of bile, only the Tm of dibro
mosulfonphthalein and indocyanine green is en
hanced by administration of taurocholate or taurode-

Figure 8. Dilatation of Bile Canaliculus (BC) and Loss of Mi
crovilli with Evaginations of Canal icular Membrane (Arrow) 

(Original Magnification x 5000) (See Figure 7). 
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hydrocholate. 35 Thus, at least in these instances, in
teraction with micelles could not be established as the 
mechanism for enhanced organic anion excretion. 

CONCLUSIONS 

This review of hepatic bile formation emphasizes 
the central role of the bile acids in both the generation 
of canalicular water flow and the excretion ofbilirubin 
and other organic solutes . As a working model one 
can visualize hepatocytes along a sinusoid successively 
extracting bile acid until there is virtually none left in 
plasma. The load of bile acids would determine the 
number of participating hepatocytes, and the volume 
of bile generated would determine the excretion rate 
of other organic solutes that are transported into the 
canaliculus by independent mechanisms. Failure of 
bile acid transport shuts that system down. The bile 
acid transport system can be sodium linked and there
fore regulated by agents affecting either sodium or the 
obligated bile acid anions. 

Testing this working model may clarify ,he issues 
for cholestasis. Either cholestatic syndromes of the 
nonmechanical type begin as abnormalities in bile 
acid transport or the involvement of the bile acid 
transport system is secondary to undefined mecha
nisms for the generation of canalkular bile flow. 

I am indebted to Drs. Aron M. Rappaport and Richard M. Hays 
for reading sections of this manuscript. 
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SPECIAL ARTICLE 

ANATOMY OF AN ILLNESS (AS PERCEIVED BY THE PATIENT) 

NORMAN COUSINS 

EVER since the publication of Adam Smith's 
much-talked-about Powers of the Mind some 

months ago, people have written to ask whether his 
account of my recovery from a supposedly incurable 
illness 1 was accurately reported. In particular, read
ers have been eager to verify Mr. Smith's statement 
that I "laughed" my way out of a crippling disease 
that doctors believed to be irreversible. 

I have not written until now about my illness, which 
occurred in 1964, largely because I was fearful of cre
ating false hopes in other persons similarly afflicted. 
Moreover, I knew that a single case has small stand
ing in the annals of medical research. I had thought 
that my own episode might have anecdotal value -
nothing more. However, since my case has surfaced in 
the public press, I feel justified in providing a fuller 
picture than was contained in Mr. Smith's acwunt. 

In August, 1964, I flew home from a trip abroad 
with a slight fever. The malaise, which took the form 
of a general feeling of achiness, rapidly deepened. 
Within a week it became difficult to move my neck, 
arms, hands, fingers and legs. I was hospitalized when 
my sedimentation rate hit 80 mm per hour. The sedi
mentation rate continued to rise until it reached 115. 

There were other tests, some of which seemed to me 
to be more an assertion of the clinical capability of the 
hospital than of concern for the well-being of the pa
tient. I was astounded when four technicians from 
four different departments took four separate and sub
stantial blood samples on the same day. That the hos
pital didn 't take the trouble to co-ordinate the tests, 
using one blood specimen, seemed to me inexplicable 
and irresponsible. When the technicians came the sec
ond day to fill their containers with blood for process
ing in separate laboratories, I turned them away and 
had a sign posted on my door saying that I would give 
just one specimen every three days and that I expect
ed the different departments to draw from it for their 
individual needs. 

I had· a fast-growing conviction that a hospital was 
no place for a person who was seriously ill. The sur
prising lack of respect for basic sanitation, the rapidi
ty with which staphylococci and other pathogenic 
organisms can run through an entire hospital, the 
extensive and sometimes promiscuous use of x-ray 
equipment, the seemingly indiscriminate administra
tion of tranquilizers and powerful painkillers, more 
for the convenience of hospital staff in managing pa
tients than for therapeutic; needs, and the regularity 
with which hospital routine takes precedence over the 

Address reprint requests to Mr. Cousins at the Sa1urday Review. 488 Mad
ison Ave., New York, NY 10022. 

rest requirements of the patient (slumber, when it 
comes for an ill person, is an uncommon blessing and 
is not to be wantonly interrupted) - all these and 
other practices seemed to me to be critical shortcom
ings of the modern hospital. 

Perhaps the hospital's most serious failure was in 
the area of nutrition. It was not just that the meals 
were poorly balanced; what seemed inexcusable to me 
was the profusion of processed foods, some of which 
contained preservatives or harmful dyes. White bread, 
with its chemical softeners and bleached flour, was of
fered with every meal. Vegetables were often over
cooked and thus deprived of much of their nutritional 
value. No wonder the 1969 White House Conference 
on Food, Nutrition, and Health2 made the melan
choly observat.ion that the great failure of medical 
schools is that they pay so little attention to the sci
ence of nutrition. 

My doctor did not quarrel with my reservations 
about hospital procedures. I was fortunate to have as 
a physician a man who was able to put himself in the 
position of the patient. Dr. William Hitzig support
ed me in the measures I took to fend off the random 
sanguinary assaults of the hospital laboratory atten
dants. 

We had been close friends for more than 20 years, 
and he knew of my own deep interest in medical mat
ters. We had often discussed articles in the medical 
press, including the New England Journal of Medicine 
and Lancet. He felt comfortable about being candid 
with me about my case. He reviewed the reports of the 
various specialists he had called in as consultants. He 
said there was no agreement on a precise diagnosis. 
There was, however, a general consensus that I was 
suffering from a serious collagen illness. I had consid
erable difficulty in moving my limbs and even in turn
ing over in bed. Nodules appeared on my body, grav
el-like substances under the skin, indicating the sys
temic nature of the disease. At the low point of my ill
ness, my jaws were almost locked. 

Dr. Hitzig called in experts from Dr. Howard 
Rusk's rehabilitation clinic in New York. They con
firmed the general opinion, adding the more particu
larized diagnosis of ankylosing spondylitis. 

I asked Dr. Hitzig about my chances for full recov
ery. He leveled with me, admitting that one of the spe
cialists had told him I had one chance in 500. The spe
cialist had also stated that he had not personally wit
nessed a recovery from this comprehensive condition. 

All this gave me a great deal to think about. Up to 
that time, I had been more or less disposed to let the 
doctors worry. about my condition. But now I felt a 
compulsion to get into the act. It seemed clear to me 
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that if I was to be that "one case in 500" I had better 
be something more than a passive observer. 

I asked Dr. Hitzig about the possible cause of my 
condition. He said that it could have come from any 
one of a number of causes. It could have come, for ex
ample, from heavy-metal poisoning, or it could have 
been manifested by the aftereffects of a streptococcal 
infection. 

I thought as hard as I could about the sequence of 
events immediately preceding the illness. I had gone 
to the Soviet Union in July, 1964, as chairman of an 
American delegation to consider the problems of cul
tural exchange. The conference had been held in Len
ingrad, after which we went to Moscow for supple
mentary meetings. Our hotel was in a residential ar
ea. My room was on the second floor. Each night a 
procession of diesel trucks plied back and forth to a 
nearby housing project in the process of round-the
clock construction. It was summer, and our windows 
were wide open. I slept uneasily each night and felt 
somewhat nauseated on arising. On our last day in 
M oscow, at the airport, I caught the exhaust spew of a 
la rge jet at point-blank range as it swung around on 
the tarmac. 

As I thought back on that Moscow experience, I 
wondered whether the exposure to the hydrocarbons 
from the diesel exhaust at the hotel and at the airport 
had anything to do with the underlying cause of the 
illness. If so, that might account for the speculations of 
the doctors concerning heavy-metal poisoning. The 
trouble with this theory, however, was that my wife, 
who had been with me on the trip, had no ill effects 
from the same exposure. H ow likely was it that only 
one of us would have reacted adversely? 

T here were two possible reasons, it seemed to me, 
for the different responses. One had to do with indi
vidual allergy. The second was that I was probably in 
a condition of adrenal exhaustion and I was less apt to 
tolerate a toxic experience than someone whose im
munologic system was fully functional. 

Was adrenal exhaustion a factor in my own illness? 
Again, I thought carefully. The meetings in Lenin

grad and Moscow had not been casual. Paper work 
had kept me up late nights. I had ceremonial respon
sibilities. Our last evening in Moscow had been, at 
least for me, an exercise in almost total frustration. A 
reception had been arranged by the chairman of the 
Soviet delegation at his dacha, located 50 to 65 km out
side the city. I had been asked if I could arrive an hour 
early so that I might tell the Soviet delegates some
thing about the individual Americans who were com
ing to dinner. The Russians were eager to make the 
Americans feel at home, and they had thought such 
information would help them with the social ameni
ties. 

I was told that a car and driver from the govern
ment automobile pool in Moscow would pick me up at 
the hotel at 3:30 p.m. This would allow ample time for 
me to drive to the dacha by 5 :00 p.m., when all our 
Russian conference colleagues would be gathered for 

the social briefing. The rest of the American delega
tion would arrive at the dacha at 6:00. 

At 6 :00, however, I found myself in open country on 
the wrong side of Moscow. T here had been a misun
derstanding in the transmission of directions to the 
driver, the result being that we were some 130 km off 
course. 

We didn 't arrive at the dacha until 9:00 p.m. My 
host's wife looked desolate. The soup had been heat
ed and re-heated . The veal was dried out. I felt pretty 
wrung out myself. It was a long flight back to the 
States the next day. The plane was overcrowded. By 
the time we arrived in New York, cleared through the 
packed customs counters, and got rolling back to Con
necticut, I could feel an uneasiness deep in my bones. 
A week later I was hospitalized. 

As I thought back on my experience abroad, I knew 
that I was probably on the right track in my search for 
a cause of the illness. I found myself increasingly con
vinced, as I said a moment ago, that the reason I was 
hit hard by the diesel and jet pollutants, whereas my 
wife was not, was that I had had a case of adrenal ex
haustion, lowering my resistance. 

Assuming this hypothesis was true, I had to get my 
adrenal glands functioning properly again and to re
store what Walter Cannon, in his famous book The 
Wisdom of the Body, 3 called homeostasis. 

I knew that the full functioning of my endocrine sys
tem - in particular, the adrenal glands - was essen
tial for combating severe arthritis or, for that matter, 
any other illness. A study I had read in the medical 
press reported that pregnant women frequently have 
remissions of arthritic or other rheumatic symptoms. 
The reason. is that the endocrine system is fully acti-
vated during pregnancy. . 

How was I to get my adrenal glands and my endo
crine system, in general, working well again - both 
physically and emotionally ? 

I remembered having read, 10 years or so earlier, 
Hans Selye's classic book, The Stress of Lzfe.4 With 
great clarity, Selye showed that adrenal exhaustion 
could be caused by emotional tension, such as frus
tration or suppressed rage. He detailed the negative 
effects of the negative emotions on body chemistry. He 
wrote, for example, about the increase of hydrochlor
ic acid in the stomach. H e also traced changes in cor
ticoids and anticorticoids under conditions of emo
tional stress. 

The inevitable quest ion arose in my mind: What 
about the positive emotions? If negative emotions pro
duce negative chemical changes in the body, wouldn 't 
the positive emotions produce positive chemical 
changes ? Is it possible that love, hope, faith, la ughter, 
confidence and the will to live have therapeutic val
ue ? Do chemical changes occur only on the down
side? 

Obviously, putting the positive emotions to work is 
nothing so simple as turning on a garden hose. But 
even a reasonable degree of control over my emotions 
might have a salutary physiologic effect. Just replac-
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ing anxiety with a fair degree of confidence would be 
helpful. 

A plan began to form in my mind for systematic 
pursuit of the salutary emotions, and I knew that I 
would want to discuss it with my doctor. Two pre
conditions, however, seemed obvious for the experi
ment. The first concerned my medication. If that 
medication were toxic to any degree, it was doubtful 
whether the plan would work. The second precondi
tion concerned the hospital. I knew I would have to 
find a place somewhat more conducive to a positive 
outlook on life. 

Let's consider these preconditions separately. 
First, the medication. T he emphasis had been on 

painkilling drugs - aspirin, phenylbutazone (Buta
zolidin), codeine, colchicine, sleeping pills. T he aspi
rin and phenylbutazone were anti-inflammatory and 
thus were therapeutically justifiable. But I wasn't sure 
they weren't also toxic. With Dr. Hitzig's support, we 
took allergy tests and discovered that I was hypersen
sitive to virtually all the medication I was receiving. 
The hospital had been giving me maximum dosages: 
26 aspirin tablets a day; and 3 phenylbutazone tab
lets four times a day. No wonder I had hives all over 
my body and felt as though my skin was being chewed 
up by millions of red ants. 

It was unreasonable to expect positive chemical 
changes to take place so long as my body was being 
saturated with, and toxified by, painkilling medica
tions. I had one of my research assistants at the Satur
day Review look up the pertinent references in the med
ical journals and found that drugs like phenylbuta
zone and even aspirin levy a heavy tax on the adrenal 
glands. I also learned that phenylbutazone is one of 
the most powerful drugs being manufactured. It can 
produce bloody stools, the result of its antagonism to 
fibrinogen. It can cause intolerable itching and sleep
lessness. It can depress bone marrow. 

The hazards of phenylbutazone are explicit. Aspi
rin enjoys a far more auspicious reputation, at least 
with the general public. The prevailing impression of 
aspirin is that it is not only the most harmless drug 
available but also one of the most effective. When I 
looked into research in the medical journals, howev
er, I found that aspirin is q uite powerful in its own 
right and that it warrants considerable care in its use. 
The fact that it can be bought in unlimited quantities 
without prescription or doctor's guidance seemed in
defensible. Even in small amounts, it can cause inter
nal bleeding. Articles in the medical press reported 
that the chemical composition of aspirin, like that of 
phenylbutazone, impairs platelet function. Did the re
lation between platelets and collagen mean that both 
drugs do more harm than good for some sufferers from 
arthritis?* 

It was a mind-boggling train of thought. Could it 

• 1 realize, of course, that the implications here are not entirely negative in 
view of the fact that the same properties of aspirin that prolong bleeding al
so prevent clotting. Aspirin is therefore useful to some patients with cardiac 
disease and those for whom clotting is a danger. 

be, I asked myself, that aspirin, so universely accept
ed for so many years, was actually harmful in the 
treatment of collagen illnesses ?5t 

The history of medicine is replete with instances in
volving drugs and modes of treatment that were in use 
for many years before it was recognized that they did 
more harm than good. For centuries, for example, 
people believed that drawing blood from patients was 
essential for rapid recovery from virtually every ill
ness. Then, midway through the nineteenth century, 
it was discovered that bleeding serves only to weaken 
the patient. King Charles II 's death is beiieved to have 
been caused in large part from administered bleed
ings. George Washington's death was also hastened 
by the severe loss of blood resulting from this treat
ment . 

Living in the second half of the twentieth century, I 
realized, confers no automatic protection against un
wise or even dangerous drugs and methods. Each age 
has had to undergo its own special nostrums. Fortu
nately, the human body is a remarkably durable in
strument and has been able to withstand all sorts of 
prescribed assaults over the centuries, from freezing to 
animal dung. 

Suppose I stopped taking aspirin and phenylbuta
zone? What about the pain? The bones in my spine 
and practically every joint in my body felt as though I 
had been run over by a truck. 

I knew that pain could be affected by attitudes. 
Most people become panicky about almost any pain. 
On all sides they have been so bombarded by adver
tisements about pain that they take this or that anal
gesic a t the slightest sign of an ache. They are largely 
illiterate about pain and so are seldom able to deal 
with it rationally. Pain is part of the body's magic. It 
is the way the body transmits a sign to the brain that 
something is wrong. Leprous patients pray for the 
sensation of pain. What makes leprosy such a terrible 
disease is that the victim usually feels no pain when 
his extremities are being injured. He loses his fingers 
or toes because he receives no warning signal that he 
is being injured. 

I could stand pain so long as I knew that progress 
was being made in meeting the basic need. That need, 
I felt, was to restore the body's capacity to halt the 
continuing breakdown of connective tissue. 

There was also the problem of the severe inflam
mation. If we dispensed with the aspirin, how would 
we combat the inflammation? I recalled having read 
in the medical journals about the usefulness of ascor
bic acid in combating a wide number of illnesses - all 
the way from bronchitis to some types of heart dis
ease. Couldn't it also combat inflammation? Did vi
tamin C act directly, or did it serve as a starter for the 
body's endocrine system - in particular, the adrenal 
glands? Was it possible, I asked myself, that ascorbic 
acid had a vital role to play in " feeding " the adrenal 
glands? 

t The scientific verification that aspirin can be harmful in the treatment of 
collagen diseases came in 1971 and is discussed later in this article. ' 
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I had read in the medical press that vitamin C helps 
to oxygenate the blood.6 If inadequate or impaired 
oxygenation was a factor in collagen breakdown, 
couldn 't this circumstance be another argument for 
ascorbic acid? Also, according to some medical re
ports, people suffering from collagen diseases are de
ficient in vitamin C.5 Did this lack mean that the body 
uses up large amounts of vitamin C in the process of 
combating collagen breakdown? 

I wanted to discuss some of these ruminations with 
Dr. Hitzig. He listened carefully as I told him of my 
speculations concerning the cause of the illness, as 
well as my layman's ideas for a course of action that 
might give me a chance to reduce the odds against my 
recovery. 

Dr. Hitzig said it was clear to him that there was 
nothing undersized about my will to live. He said that 
what was most important was that I continue to be
lieve in everything I had said. He shared my sense of 
excitement about the possibilities of my recovery and 
liked the idea of a partnership. 

Even before we had completed arrangements for 
moving out of the hospital, we began the part of the 
program calling for the full exercise of the affirmative 
emotions as a factor in enhancing body chemistry. It 
was easy enough to hope and love and have faith, but 
what about laughter ? Nothing is less funny than be
ing flat on your back with all the bones in your spine 
and joints hurting. A systematic program was indi
cated. A good place to begin, I thought, was with 
amusing movies. Allen Funt, producer of the spoofing 
television program "Candid Camera," sent films of 
some of his "CC" classics, along with a motion-pic
ture projector. The nurse was instructed in its use. 

It worked. I made the joyous discovery that 10 min
utes of genuine belly laughter had an anesthetic effect 
and would give me at least two hours of pain-free 
sleep. When the painkilling effect of the laughter 
wore off, we would switch on the motion-picture pro
jector again, and, not infrequently, it would lead to 
another pain-free sleep interval. Sometimes, the nurse 
read to me out of a trove of humor books. Especially 
useful were E.B. and Katherine White 's Subtreasury of 
American Humor7 and Max Eastman's The Enjoyment of 
Laughter. 8 

How scientific was it to believe that laughter - as 
well as the positive emotions in general - was affect
ing my body chemistry for the better? If laughter did 
in fact have a salutary effect on the body 's chemistry, 
it seemed at least theoretically likely that it would en
hance the system's ability to fight the inflammation. 
So we took sedimentation-rate readings just before as 
well as several hours after the laughter episodes. Each 
time, there was a drop of at least five points. The drop 
by itself was not substantial, but it held and was cu
mulative. 

I was greatly elated by the discovery that there is a 
physiologic basis for the ancient theory that laughter 
is good medicine. 

There was, however, one negative side effect of the 
laughter from the standpoint of the hospital. I was dis-

turbing other patients. But that objection didn 't last 
very long, for the arrangements were now complete for 
me to move my act to a hotel room. 

One of the incidental advantages of the hotel room, 
I was delighted to find, was that it cost only about 
one-third as much as the hospital. The other benefits 
were incalculable. I would not be awakened for a bed 
bath or for meals or for medication or for a change in 
the bed sheets or for tests or for examinations by hos
pital interns. The sense of serenity was delicious and 
would, I felt certain, contribute to a general improve
ment. 

What about ascorbic acid and its place in the gen
eral program for recovery? In discussing my specula
tions about vitamin C with Dr. Hitzig, I found him 
completely open-minded on the subject, although he 
told me of serious questions that had been raised by 
scientific studies. He also cautioned me that heavy 
doses of ascorbic acid carried some risk of renal dam
age. The main problem right then, however, was not 
my kidneys: it seemed to me that, on balance, the risk 
was worth taking. I asked Dr. Hitzig about previous 
recorded experience with massive doses of vitamin C. 
He ascertained that at the hospital there had been 
cases in which patients had received up to 3 g by in
tramuscular injection. 

As I thought about the injection procedure, some 
questions came to mind. Introducing the ascorbic ac
id directly into the bloodstream might make more ef
ficient use of the vitamin, but I wondered about the 
body's ability to utilize a sudden massive infusion. I 
knew that one of the great advantages of vitamin C 
is that the body takes only the amount necessary 
for its purposes and excretes the rest. Again, there 
came to mind Cannon's phrase - the wisdom of 
the body.3 

Was there a coefficient of time in the utilization of 
ascorbic acid? The more I thought about it, the more 
likely it seemed to me that the body would excrete a 
large quantity of the vitamin because it couldn't me
tabolize it that fast. I wondered whether a better pro
cedure than injection would be to administer the 
ascorbic acid through slow intravenous drip over ape
riod of three or four hours. In this way we could go far 
beyond the 3 g. M y hope was to start at 10 g and then 
increase the dose daily until we reached 25 g. 

Dr. Hitzig's eyes widened when I mentioned 25 g. 
This amount was far beyond any recorded dose. He 
said he had to caution me about the possible effect not 
just on the kidneys but on the veins in the arms. More
over, he said he knew of no data to support the as
sumption that the body could handle 25 g over a four
hour period, other than by excreting it rapidly 
through the urine. 

As before, however, it seemed to me we were play
ing for bigger stakes : losing some veins was not of ma
jor importance alongside the need to combat whatev
er was eating at my connective tissue. 

To know whether we were on the right track, we 
took a sedimentation test before the first intravenous 
administration of 10 g of ascorbic acid. Four hours lat-
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er, we took another sedimentation test. There was a 
drop of nine full points. 

Seldom had I known such elation. The ascorbic ac
id was working. So was laughter. The combination 
was cutting heavily into whatever poison was attack
ing the connective tissue. The fever was receding, and 
the pulse was no longer racing. 

We stepped up the dosage. On the second day we 
went up to 12.5 g of ascorbic acid, on the third day, 15 
g, and so on until the end of the week, when we 
reached 25 g. Meanwhile, the laughter routine was in 
full force. I was completely off drugs and sleeping 
pills. Sleep - blessed, natural sleep without pain -
was becoming increasingly prolonged. 

At the end of the eighth day I was able to move my 
thumbs without pain. By this time, the sedimentation 
rate was somewhere in the 80's and dropping fast. I 
couldn't be sure, but it seemed to me that the gravel
like nodules on my neck and the backs of my hands 
were beginning to shrink. There was no doubt in my 
mind that I was going to make it back all the way. 

Two weeks later, my wife took me to Puerto Rico 
for some sustained sunshine. On the first day, friends 
helped support me in the breaking surf. Within a few 
days I was standing up by myself. As first the soles of 
my feet were so sensitive that I felt as though I were 
standing on my eyeballs. But walking in the sand was 
the best possible therapy, and within a week I was 
able to jog - at least for a minute or two. 

The connective tissue in my spine and joints was re
generating. I could function, and the feeling was in
describably beautiful. 

I must not make it appear that all my infirmities 
disappeared overnight. For many months I couldn't 
get my arms up far enough to reach for a book on a 
high shelf. My fingers weren't agile enough to do what 
I wanted them to do on the organ keyboard. My neck 
had a limited turning radius. My knees were some
what wobbly, and, off and on, I had to wear a metal 
brace. 

But I was back at my job at Saturday Review full time 
again, and this was miracle enough for me. 

Is the recovery a total one? Year by year the mobil
ity has improved. During the past year I have become 
fully pain free, except for my knees, for the first time 
since I left the hospital. I no longer feel a sharp twinge 
in my wrists or shoulders when I hit a tennis ball or 
golf ball, as I did for such a long time. I can ride a 
horse flat out and hold a camera with a steady hand. 
And I have recaptured my ambition to play the Toc
cata and Fugue in D Minor, though I find the going 
slower and tougher than I had hoped. My neck has a 
full turning radius again, despite the statement of spe
cialists as recently as 1971 that the condition was de
generative and that I would have to adjust to a quar
ter turn. 

It was seven years after the onset of the illness be
fore I had scientific confirmation about the dangers of 
using aspir.in in the treatment of collagen diseases, 
which embrace the various forms of arthritis. In its 
May 8, 1971 issue, Lancet published a study by Drs. 

M.A. Sahud and R.J. Cohen5 showing that aspmn 
could be antagonistic to the retention of vitamin C in 
the body. The authors said that patients with rheu
matoid arthritis should take vitamin C supplements 
since it has often been noted that they have low levels 
of the vitamin in their blood. It was no surprise, then, 
that I had been able to absorb such massive amounts 
of ascorbic acid without kidney or other complica
tions. 

What conclusions do I draw from the entire experi
ence? 

The first is that the will to live is not a theoretical 
abstraction, but a physiologic reality with therapeu
tic characteristics. The second is that I was incred
ibly fortunate to have as my doctor a man who knew 
that his biggest job was to encourage to the fullest the 
patient's will to live and to mobilize all the natural re
sources of body and mind to combat disease. Dr. Hit
zig was willing to set aside the large and often haz
ardous armamentarium of powerful drugs available to 
the modern physician when he became convinced that 
his patient might have something bet.ter to offer. He 
was also wise enough to know that the art of healing is 
still a frontier profession. And, though I can't be sure 
of this point, I have a hunch he believed that my own 
total involvement was a major factor in any recovery. 

People have asked what I thought when I was told 
by the specialists that my disease was progressive and 
incurable. 

The answer is simple. Since I didn't accept the ver
dict, I wasn't trapped in the cycle of fear, depression 
and panic that frequently accompanies a supposedly 
incurable illness. I must not make it seem, however, 
that I was unmindful of the seriousness of the prob
lem or that I was in a festive mood throughout. Being 
unable to move my body was all the evidence I need
ed that the specialists were dealing with real con
cerns. But deep down I knew I had a good chance and 
relished the idea of bucking the odds. 

Adam Smith, in Powers of the Mind, 1 says he dis
cussed my recovery with some of his doctor friends, 
asking them to explain why the combination of laugh
ter and ascorbic acid worked so well. The answer he 
got was that neither laughter nor ascorbic acid had 
anything to do with it and that I probably would have 
recovered if nothing had been done. 

Maybe so, but that was not the opinion of the spe
cialists at the time. 

Two or three doctors, reflecting on the Adam Smith 
account, have commented that I was probably the 
beneficiary of a mammoth venture in self-adminis
tered placebos. 

Such a hypothesis bothers me not at all. Respect
able names in the history of medicine like Paracelsus, 
Holmes and Osler have suggested that the history of 
medication is far more the history of the placebo ef
fect than of intrinsically valuable and relevant drugs. 
Physicians in the past who favored such modalities as 
bleeding (in a single year, 1827, France imported 33 
million leeches after its domestic supplies had been 
depleted); purging through emetics; physical contact 
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with unicorn horns, bezoar stones, mandrakes or pow
dered mummies - the physicians prescribing such 
treatments no doubt regarded them at the time as spe
cifics with empirical sanction. But today's medical sci
ence recognizes that whatever efficacy these treat
ments may have had - and the records indicate that 
the results were often surprisingly in line with expec
tations - was probably related to the power of the 
placebo. 

I have wondered, in fact, about the relative absence 
of attention given the placebo in contemporary medi
cine. The literature on the subject is remarkably 
sparse considering the primacy of the placebo in the 
history of medicine. The late Henry K. Beecher9 and 
Arthur K. Shapiro 10 are among the small number of 
contemporary medical researchers and observers who 
have done any noteworthy thinking and writing about 
this phenomenon. In connection with my own experi
ence, I was fascinated by a report citing Dr. Thom
as C. Chalmers, 11 of the Mount Sinai Medical Center 
in New York, which compared two groups that were 
being used to test the theory that ascorbic acid is a 
cold preventive. "The group on~ placebo," says Dr. 
Chalmers, "who thought they were on ascorbic acid 
had fewer colds than the group on ascorbic acid who 
thought they were on placebo." 

I was absolutely convinced, at the time I was deep 
in my illness, that intravenous doses of ascorbic acid 
could be beneficial - and they were. It is quite possi
ble that this treatment - like everything else I did -
was a demonstration of the placebo effect. If so, it 
would be just as important to probe into the nature of 
this psychosomatic phenomenon as to find out if 
ascorbic acid is useful in combating a high sedimen
tation rate. 

At this point, of course, we are opening a very wide 
door, perhaps even a Pandora 's box. The vaunted 
"miracle cures" that abound in the literature of all the 
great religions, or the speculations of Charcot and 
Freud about conversion hysteria, or the Lourdes phe
nomena - all say something about the ability of the 
patient, properly motivated or stimulated, to partici
pate actively in extraordinary reversals of disease and 
disability. It is all too easy, of course, to raise these 
possibilities and speculations to a monopoly status -
in which case the entire edifice of modern medicine 
would be reduced to little more than the hut of an Af
rican witch doctor. But we can at least reflect on Wil
liam Halse Rivers 's statement, as quoted by Shapiro, 
that "the salient feature of the medicine of today is 
that these psychical factors are no longer allowed to 
play their part unwittingly, but are themselves be
coming the subject of study, so that the present age is 
serving the growth of a rational system of psychother
apeutics. " 10 

What we are talking about essentially, I suppose, is 
the chemistry of the will to live. In Bucharest in 1972, 
I visited the clinic of Ana Asian, described to me as 
one of Rumania 's leading endocrinologists. She spoke 
of her belief that there is a direct connection between a 

robust will to live and the chemical balances in the 
brain. She is convinced that creativity - one aspect of 
the will to live - produces the vital brain impulses 
that stimulate the pituitary glands, triggering effects 
on the pineal glands and the whole of the endocrine 
system. Is it possible that placebos have a key role in 
this process? Shouldn't this entire area be worth seri
ous and sustained attention? 

If I had to guess, I would say that the principal con
tribution made by my doctor to the taming, and pos
sibly the conquest, of my illness was that he encour
aged me to believe I was a respected partner with him 
in the total undertaking. He fully engaged my subjec
tive energies. He may not have been able to define or 
diagnose the process through which self-confidence 
(wild hunches securely believed) was somehow picked 
up by the body's immunologic mechanisms and trans
lated into anti-morbid effects. But he was acting, I be
lieve, in the best tradition of medicine in recognizing 
that he had to reach out in my case beyond the usual 
verifiable modalities. In so doing, he was faithful to 
the first dictum in his medical education: primum non 
nocere. He knew that what I wanted to do might not 
help, but it probably would do little haqn. Certainly, 
the threatened harm being risked was less, if any
thing, than the heroic medication so routinely admin
istered in extreme cases of this kind. 

Something else I have learned. I have learned never 
to underestimate the capacity of the human mind and 
body to regenerate - even when the prospects seem 
most wretched. The life-force may be the least under
stood force on earth. William James12 said that hu
man beings tend to live too far within self-imposed 
limits. It is possible that those limits will recede when 
we respect more fully the natural drive of the human 
mind and body toward perfectibility and regenera
tion. Protecting and cherishing that natural drive may 
well represent the finest exercise of human freedom. 
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RESEARCH PROBLEMS 

199-01 Cardiovascular 

A. Mechanisms of Caz-diovascular Effects 

1 - End~crine and Fluid/Electrolyte Factors 

2 - Cardiac output, Stroke Volume, Contractility, Circulatory 
Distribution & Reflex Control 

3 - Heart Size 

4 - Venous Compliance 

5 - Arrhythmias 

6 - Coronary Effects 

7 - Myocardial Tissue Effects 

8 - Vascular Tissue Effects 

9 - Computer Modeling 

B. Amplify Interpretation of Skylab Data 

1 - Ground Based Correlative Data 

2 - Correlate LBNP, Tilt Table, and Centrifuge Responses 

3 - Factors Influencing LBNP Response 

4 - VCG Changes 

5 - Improve .Ground Based Simulation Techniques 

C. Shuttle Reentry G Tolerance 

D. Shuttle Scientist Passenger Se~ection (~-V Factors) 

1 - Shuttle G Profile/Orthostatic Tolerances of Passenger T'.rpes 

2 - Indices of Susceptibility to Orthostatic Changes 

E. Prognostic Indices of C-V Changes In-Flight 

(Cont ' d) 
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F. Countermeasures 

G. Bioinstrum~ntation & Methodology Advancements (Plethysmography, 
Cardiac Output Methodology, Blood Flow, Venous Pressure, Heart 
Size, Animal Implants, Data Management) 

H. Preparation of Flight Experiments 

·.' 

• . ' 

/ 

.J 



199-05 

"'· 

RESEARCH PROBLEMS 

Space Motion Sickness 

I 

A. Etiology and Mechanisms of Space Motion Sickness 

1 - Evaluation of Fluid Shift Theory of Etiology 

2 - Anatomical and Microelect':ical Studies 

3 - Functional . Studies 

4 - Mathematical Modeling 

~. Determination of Individual Predisposition (Selection) 

c. Development of Training Techniques to Diminish Susceptibility 

D. Improved Countermeasures 

1 - Drugs 

2 - Identification (and Prevention) of Modifying Factors 

3 - Other 

. E. Bioinstrumentation and Methodology Development 

F. Preparation of Flight Experiments 

. -~t Of-O/d"OO:S 

/v~L f'- .on-/' It/' 

.. 



... .. 

RESEARCH PROBLEMS 

199-07 Bone & Muscle Alterations 

A. Mechanisms of Musculoskeletal Changes 

1 - Bone 

2 - Muscle 

B. Amplif'y Interpretation of Skylab Data (Ground Based Correlative Data) 

C. Develop Predictive Indices of Susceptibility to Musculoskeletal 
Deterioration .(Selection) · 

1 - Bone 

2 - Muscle 

D. Develop In-Flight Capability for Predicting Skeletal Change Rates 

E. Musculoskeletal \Countermeasures 

1 - Bone 

2 - Muscle 

F. Bioinstrumentation and Methodology Advancements 

1 - Bone 

2 - .Muscle 

G. Preparation of Flight Experiments 
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RESEARCH PROBLEMS 

199-09 Blood Alterations 

A. Mechanisms & Etiology of Red Cell Mass Loss & Blood Volume Decrease 

1 - Histological & Cytochemical Studies (E.M., Scanning E.M., Light 
Microscopy) (Membrane & Intracellular Chemistry) 

2 - Physiological & Isotope Studies 

3 - Computer Modeling 

B. Amplification of Space Flight Findings (Event and Time Course Data 
and Significance) 

1 - Red Cell Mass & Blood Volume 

2 - Immunological Changes 

3 - Other 

c. Prediction of Special Predisposition to Blood Changes 

1 - Red Cell Mass Loss 

2 - Plasma Volume Loss 

3 - Other 
• 

D. Countermeasures Against Blood and Blood Voluue Changes 

E. Bioinstrumentation and Methodology Development 

F. Preparation of Flight Experiments 
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RESEARCH PROBLEMS 

199-11 ~~flight Detection of Disease 

(No further breakdown required) 
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RESEARCH PROBLEMS 

Fluid & Electrolyte Changes 

A. Mechanisms of Space Flight Fluid & Electrolyte Changes 

1 - Physiological Studies 

2 - Computer Modeling 

B. Amplification of Space Flight Findings (Event & Time Course 
Data & Significance) 

1 - Fluid & Electrolyte and Associated Endocrine Responses 

2 - Other Endocrine' Responses 

3 - Other Matabolic Responses 

c.· Prediction of Special Predispositions (Selection) 

1 - Fluid & Electrolyte Changes 

2 ·other Endocrine 

D. Prognostic Indices of Fluid & Electrolytic Changes in Flight 

E. Col1ntermeasures 

· F. Bioinstrumentation & Methodology Development 

G. Preparation of Flight Experiments 
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RESEARCH PROBLEMS 

199-15 Maintenance of Crew Health 

(Metabolic Effects) 

A. Mechanisms of Exercise Response Changes 

B. Amplify Interpretation of Skylab Data 

c. Shuttle Scientist Passenger Selection Criteria 
(Exercise Resp9nse) 

·n. Development of Training Techniques (Exercise) 

E~ Prognostic Indicators of Status in Flight 

F. Countermeasures 

G. Instrumentation & Technique Development 

H. Preparation of Flight .Experiment.3 
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RESEARCH PROBLEMS 

199-17 Human Behavior & Performance 

A. Develop Behavioral Selection Criteria 

1 Individual 

2 - Group 

B. Develop Training Techniques 

1 - Individual 

2 - Group 

C. Studies of Small Group Dynamics in Social Isolation 

D. Influence of Specific Factors on (Determinates of) Behavior and 
Performance 

1 - Circadian & Work-Rest-Sleep Patterns 

2 '- Other 

E. Develop Means fqr Early Detection of Impending Behavioral & 
Performance Decrement In-Flight (Monitoring Criteria & 
Techniques) 

F. Countermeasures 

1 - ·Preventive 

2 - Corrective 

G. Instrumentation & Methodology Development 

H. Preparation of Flight Experiments 



RESEARCH AREAS 

199-19 Definition nf Physiological Desi n Requirements 
Human Standards and Requirements for Life Support Design) 

A. Gaseous Atmospheres - Pressure & Composition 

B. Food & Nutrition 

C. Thermal Standards & Requirements 

D. Toxicology 

E. Microbial Standards 

F. Other Hazards (Protective Requirements) 

G. Instrumentation & Technique Development 

H. Preparation of Flight Experiments 



RESEARCH AREAS 

199-27 Clinical Medical Support Systems 

A. Prophylaxis 

B. Diagnosis 

c. Therapy 

D. Medical Data Management 

E. Medical Monitoring 

F. Training Methods & Material 

G. Bioinstr1nnentation & Equipment Development 

F. Preparation of Flight Experiments 
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199-45 

RESEARCH PROBLEMS 

Radiation Effects and Protection 

A. Determination of Acceptable Levels of Radiation 
Exposure (Responses of Living Systems & Mechanisms) 

1 HZE 

2 - other · 

B. Dosimetry of Spac.e Environments for Li ving Systems 

1 - Measurement 

2 - Technique & Instrumentation Development 

c. Identification of Human Susceptibility Factors (Selection) 

~. In-Flight (Real Time) Prognostication Techniques 

E. Countermeasur es 

1 - Preventive 

2· - Protective 

F. Preparatio.1 of Flight Experiments 
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.RADIOBIOLOGY PROGRAM 
RESEARCH PROBLEMS 

-Approach To Problem Oriented Research Strategy-

I - Life Sciences Requirements 

A - Determination of Biological Effects and Acceptable Levels of 
Exposure 

l - Dose-Response Relationships 

a - Particle Radiation 

(1) - Farly and intermediate effects of HZE 

( 2} -. Long term delayed effects of low dose exposure 
to HZE. Of fractionateq exposure. 

(3) Long tenn delayed effects of low dose exposure 
to protons. 

(4) - Long term delayed effects of low dose exposure 
to neutrons. 

(5) - Long term delayed effects of low dose exposure 
to mixed neutron, proton, & HZE (l-100 RAD range). 

b - Bremstrahlung. Evaluation of the potential hazard of 
all forms of secondary radiation in anticipated 
shielding configurations for immediate, intermediate 
and delayed effects. 

c - Flight Exposure Profiles. Effects of total anticipated 
radiation from ambient, secondaries, proximity to 
stored and instrumentation isotopes, and from medically 
administered isotopes. 

(1) - Mathematical modeling 

(2) - Simulation by sequential exposure of animals 
to total flight exposure profile for intermediate 
and delayed effects? 

(3) Solar flare effects, per se. 

(4) - Influence of specific spaceflight physiological 
changes {decreased RCM, fluid & electrolyte, 
body composition, bone, muscle, circulatory, 
etc. changes), and contingency situations . , 
(acute & subacute illness, toxins, diminished 
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or altered life support provisions, microwave 
radiation, etc ... ). 

( 5) - Effects of proposed on-board medical t echniques 
and instrumentation {neutron activation, total 
isotope administration, etc.). 

2 - Mechanisms of Radiation Damage . Emphasis on HZE, _protons 
and neutrons . Emphas is on non-renewing tissues and those 
especially subject to radiation damage (f'unctional and 
malignant degeneration) . 

a - Physical Changes. 

(1) - Intracellular molecular-chemical, genetic, and 
ultrastructural morphologic changes. 

(2) - Tissue changes - vascular and lymphatic exchanges, 
immunology, tissue morphology. 

b - Functional Changes. Finely discenl8.ble changes and rates 
of change for intercurrent assessment and prognosis of 
delayed effects . (See also, under Methodology pevelopment). 

c - Pathogenesis and significance of the "I,i ght Flash" 
phenomenon. (Special problem.) 

3 - Methodology Development . 

a - Development of biological model examination systems 
(in vivo and in vitro) for dose-response relationships, 
especially for detennination of long term f'unctional 
alteretions and losses . 

b - Mathematical Modeling . 

c - Development of sensitive physical and laboratory examinat ion 
tests for slight, but significant, ·f'unctional changes, 
especially of the brain stem. 

d Long t erm follow-up longitudinal studies of flight 
personnel. 

e - Long t e rm follow-up of exposed animals - facilities and 
standardized methods. 

B - Dosimetry for Man and Other Living Systems 

1 - Technique Development 

a - Irnprovcd Ca~bllity. For partidcl£: radiation, the capability of accurately reading ma~s an charge. 
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b - Automated dosimetry for particle radiation . 

c - Real time read out of parti.cle dose. 

d - Improved accuracy - all forms of radiation, including 
all secondaries. 

e - Biological Dosimetry 

(1) - Utilizing man, himself. 

(2) - Utilizing small living systems.' 

2 - Improved Dose Expression - to reflect more accurately and 
unifo:rrr.ly a measurement of the actual radiological assault 
received by the living system as the stimulus or potential 
stimulus for its response. Objective, improved dose-response 
calculations and predictive equations. 

3 - Dose Distribution Modeling 

a - Man modeling. 

b - HZE transport through thin shields. (See also, Part II). 

c - Identification of other critical organs besides skin, 
eye, and bone marrow. 

C - Medical Selection Criteria; Identification of Human Susceptibility 
Factors 

(April AIBS Panel recommendation: •---- even if proved 
successful, would probably achieve no more t han a 10% 
improvement ·and is a potentially expensive and low-yield 
activity.") 

D ·~- In-Flight (Real Time) Prognostication Techniques 
---- Some possible approaches: 

E - Countermeasures 

1 - Preventive 

- From real time dosimetry and dose-response curves 
From on-board blood counts 
From blood cellular morphology changes 

- From on-board lcaryotyping of lymphocytes, buccal 
mucosal cells or other cell sources 

·From irnmunochemical changes in blood 
From other chances in blood chemistry {enzymes, 

amino acids?) 
From hair root changes (possible DDx by micro
staining and light microscopy?) 

From subtle changes in skin temperature or o~her 
more focal temperature changes? 
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1 - Preventive Countenneasur es (cont.) 

a - C'nemical Protection - - Internal; External 
(Apri l AIBS Panel reconunendation: n~intain cognizance 
of t he work of other Agencies active i n this area . ) 

b - Body Shielding - - Total; Partial 

c - Prevention of excessive exposure through dose-response 
l~nowlede;e , dosimetry, and inter mediate damage assessment. 
methods . 

2 - Therapeutic 

a - Transfusion of stored autogenous marrow. 

b - Standard Clinical Therapy - - (Maintain cognizance of 
r esearch advancements by ot he r Agencies.) 

F - Preparation of Flight Experiments; Maximum exploitation of Shuttle, 
BESS, Space Station, and possibly SSPS to fUlfill NASA radio
biological infonnation needs . 

(April AIBS Panel recommendations : Use of 3-6 month BESS 
flights in polar orbit for prolonged low dose HZE effects 
data; possibl e furt!ler evaluation of col!lbined effects of 
radiation plus weightlessnes s aboard Shuttle and/ or BE$S.) 

II - Data Required fro~ t he NASA Physical Sciences (has been forma:lly requested) 

A - Ambient Space Environment 
I 

For the Inuned i atc Period: A r estatement of t he t r apped radiation 
environment at geosynchr onous altitude (19,600 nautical miles ) 
within a I 30° geographic latitude . Include data on t he 
time course of fluctu~tions and ranees of magnitude, and \ 
infonnation on correlations wi t J·, the solar cycle. . . I 

Ultimately: A model with l 2Q% accuracy of t he energy spectrum 
and flucnce of charged particles in any part of space in 
which we plan to operate for t he planned operating period . 
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B - New data on t he solar particle contribution to t he radiation 
environment at geosyncbronous altitudes. Need a model giving 
not only "worst case" situations, but time course variation 
of long tern, averages of particle f luences and energy distribution. 
Desire half year intervals in t he solar cycle a;, method of 
presentation of these data. 

Improved and reliable predictive indices for solar particle 
events also required. 

C - New and sustained sbieldinc research applicable to manned space 
flight. Elnphasis on composi te shieldinc; witil vi ew toward 
reduction of wci c;ht and bremstra.hlung . Nee<l data on sliieldint; 

. effectiveness,- and models of radiation transport for HZE through 
candidate shielding materials. 

D - NASA support of t J.1e Radiation Shielding Information Center (RSIC). 

E - Full and ready access to existing and developing JD.icrowave data 
in readily usable form for application to hazard evaluation 
in space as well as on .the grow1d (SSPS). The need for additional 
NASA research on microwave effects to be detennined. 

F - Data on radiation degradation {particularly HZE) of bioinstrument
ation, especially solid state n:J.crocircuit~ Ca problem shared 
with other disciplines but nonetheless important to the Life 
Sciences). 

*-lo:•*************-le·*·X·** 
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