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; ‘ {.éohn Hundale Lawrence laid the cornerstone for LBL's biology
E 7_ andlméd1c1ne program when he came to Berkeley more than 50 years
; }-iago. 0v¢r the next few years he carried out the first biomedical
é:%,%stﬁé}éspu51ng products of the newly developed cyclotron,
é gi:esﬁaiiléhed Donner Laboratory within LBL as the world's first
é 'nuélgar med1c1ne laboratory and, with Cornelius Tobias, Joseph
%

Hhmlitbn and Hardin Jones, founded the Division of Medical
Physics. He was director of Donner Lab until his retirement in
1970. »

Lawrence's ‘association with the University of California
and LBL began in 1935 when the young instructor at Yale Medical
School paid a summer visit to his older brother, LBL founder
Ernest Lawrence, inventor of the cyclotron. Fascinated by the
medical pessibilities of his brother's invention, John Lawrence
began a study of the metabolism of animals using radiocactive
phosphorous produced in the cyclotron, then the w0rld's only
source of radioisotopes. He continued his work the following
summer and in 1937 left Yale to become an associate professor of
medicine at UC and a research associate at the Radiation
Laboratory.

outstanding scientific and technical achievements highlight
Lawrence's career. His many distinguished honors include the 1983
Enrico Fermi Award, presented by the Department of Energy for his

"pioneering work and continuing leadership in nuclear medicine.”
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? %70 the Society of Nuclear Med1c1ne recognized a llfetlme of
E gpllshment that included "his ploneerlng use of radioactive
i : rtfacérs for 1nvestlgatlon of metabolism in normal and diseased
E»g fstatgs, the first therapeutic use of radiocactive phosphorus; the
'gc-; fir§€ biomedical studies with heavy particles and the

2 g ‘.d;é?;stratlon of the greater biological effect of these

é g;s gp;éigcles; the demonstration that estrogenic compounds can

§'§ g ‘:piéizhe radiation protection (the first such agent discovered);

the first use of carbon-11 in breath analysis studies (with LBL's
Cornelius Tobias and others); the discovery of the anesthetic
property of xenon; the first use of labeled inert gases in humans
{(with Hardin Jones); studies and treatment of polycythemia ; the
measurement of the red-cell life span; and studies of the nature
of the anemia occurring with leukemia."

The Society also cited Lawrence for his leadership that
resulted in "world-wide renown" for Donner Laboratory and LBL's
Biology and Medicine Division.

He served as a regent of the University of California from
1970 to 1983 and was president of the Society of Nuclear Medicine
in 1966 and 1967. He has also served on many national committees
and has represented the United States on several foreign
missions.

John Lawrence is 83 now. Still vigorous and active, he can
often be found in his office at Donner Laboratory. His time in
the office is busy: he is working on a history of nuclear
medicine at Berkeley, reviewing patient'charts in his old

specialties--Cushing's disease and acromegaly; maintaining a
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E'ﬁuckeér medicine and the cyclotron, he met with Research Review

T iE

: Q;};Ef Judith Goldhaber to reminisce about the early days of
IR

nuckear medicine.

éﬁéﬁé?CH REVIEW: The history of nuclear medicine is usually said

S0 -
oo

LoD T . . : ..
b géfbggin with the trip you made to Berkelevy to visit vour brother
o s 5

52§82
Ernest wren in 1935. But vour publications in the field go
back even earlier. Can you tell us about what might be called the

"pre-histoxry" of nuclear medicine?

f
f
JOHN LAWRENCE: Before Ernest came out to Berkeley in 1928, he érpﬂﬂﬁd

#

student at Harvard. We used to see each other a lot, and I AWVM

followed his work and he followed mine. %

was an assistant professor of physics at Yale and I was a medica%ﬁ;b

After graduation I went to Yale to work with Harvey Cushing. ;
He’was a famous man and a great surgeon, particularly of the -
brain and the pituitary gland. I became interested in the disease
thaf he discovered--Cushing's disease--which is caused by a
hyperfunction of the pituitary gland.

I wrote a paper with Cushing on this disease, and together we
tried to treat it with x-ray radiation. We first worked on rats
but could not influence their growth rate with x-rays. Later we
irradiated quite a few patients, limiting the x-rays to just a
small field on both sides of the skull. But you couldn't get

enough radiation in there to do any good, so the treatment wasn't

1160918
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siccessful. By that time Ernest was in Berkeley, and when I

e’ ﬁt here that first summer in 1935 I realized right away

ptﬁaiffar Cushing's disease the alpha particles produced in

: éE%ngéi%s cyclotron would be ideal. First, because heavy

art

&

ibées have a greater biological effect per unit dose, and,

c2uch nply, Coni

opied from origingls in The Bararoit Library for

vefaren

C

that heavy ions deposit most of their energy at the point where

they come to rest.

RR: So vou replicated the Yale experiments on the pituitary
vith x-rays? M%ﬂm .7

JL: Yes, and this time there was a dramatic effect. Soon

afterwards my close associate, Cornelius Tobias, joined us, and
he and his group did a series of experiments on rats showing that
you can actually wipe out the pituitary with alpha particles,
something we could not do with x-rays.

R:__So he ~jon thera was pioneered b 1] roup and Dr.
Tobjas's at Berkeley?

JL: Yes, that was really the beginning of the story.

RR: Among your other "firsts®" in nuclear medicine was the use of
a drug to provide protection against radiation. The druq was
estrogen, but the story is not very well known.

JL: That is also work that I did that at Yale before I came out
here. We were using x-rays in therapy of Cushing's disease and
doing some whole body x-ray radiation for studies of leukemia.

We also were attempting to induce leukemia in mice by whole body

ELELERE
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ag fradiation. I found that if you gave the animals estrogen
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< | sho we gave it hoping to induce leukemia) a week beforehand, v

y;dkuld withstand about 30 percent more radiation before you

{1
i

ncie

‘the
SR

: ‘reactied the lethal dose. As far as I know this discovery has p#de
‘ '}%ﬁeigé‘ﬁeen used in medicine bhecause x-ray treatment now is /ﬂéﬁﬁpp

&

D

2T 23R E

£ ¢ olimited to small fields. But that was the first drug ever
; '¢d§§¢§Q§red that protects against radiation.

% §§1q,;

3 5

E 253

[
5 >
disappointing, but now there seems to be renewed interest in the

JL: VYes, some of our earliest work wés with neutrons. I worked
with Pau; Aebersold, one of frnest's graduate students who later
became a member of the Atomic Energy Commission staff in
Washington D.C., and the pioneer in the measurement of heavy-
particle radiation. He and I did several series of experiments
in 1935 on the biological effect of neutrons in rats. We
compared whole body x-ray radiation with neutrons from the 37~
incb cyclotron and showed that neutrons are several times more
destructive than x-rays per unit dose.

We also did somé experiments on animals with cancer, and
these showed that neutrons are a little more specifically
destructive to cancer cel}s than normal cells. That attracted
the attention of the UC médical school in San Francisco,
particularly Dr. Robert Stone, who was then professor of
radiology. He treated patients with neutrons for several years

until the war ended the program. It was not terribly successful-
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DOCUMENT SOURCE o
University of Caiifornla at Berkeley

The Bancroft Library/The Unlversity Archives, Barkeley CA

RECORDS SERIES TITLE
JoHH HUNDALE LAWRENCE SUBJELT FILES
BANCROFT/UARC 1D NO.
be
CARTON o, CcOorYy
4] :

FOLDER NAME

éﬁyﬂﬂﬂiémh4H,&%ﬁhﬁmﬂdﬂmlﬂb
pa. bf1S

FOUND BY/DATE FOUND v .

MES uf 24194 2

SN —

gina's §

2] Ollly_
QL o

Copied from or
reference y

other iy

3

~

:’."{-g;:,?;( e -

6

94720,

of course, because Dr. Stone seiectea patients that.had

Aa

i

advanced cases--ones that couldn't be treated

fi

]

al

illy with x-rays. Neutron therapy'has been taken up
I

. recent years, and I've seen some of the results.

wey Sy

e

't be too enthusiastic about this approach compared to heavy
AT9 ¢

Bss &2

°2de s : .

Rz 7 ¥n-those early days of nuclea edicine vyour own mother was

What was she treated with, and

Wy

how did it come about?
JL: In 1937 two Mayo Clinic doctors met with my pafents and me 2

and told us she had an inoperable pelvic cancer and that they

didn't recommend any therapy. They said this right in front of my

father and mother; it was a bit rough. To make a long story

short, I wheeled my mother across to the station, got a train to
San Francisco, and took her to see Dr. Stone, who decided to

treat her with x-rays. This particular x-ray equipment had been

developed by a graduate student working with Ernest, David Sloan.

It's called the Sloan-Lawrence x-ray tube. I think it was the

second if not the first million-volt x~ray tube in the world to

be used in therapy. My mother was given an enormous dose of 1- Z{;:

mev x-rays. Over the following many months her cancer just

disappeared; it was like a miracle. It took 10 years for me to

convince her that she was cured. She died many years later, at

the age of 84, after a long and comfortable life.

JL: Did such massive doses of x-rays continue to be used in
therapy?
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ﬁiﬁe §hat I came out here. He had trained in chemistry at

Berkeiqy before getting his medical degree at UC San Francisco.
g8

56% sEarted using radioactive sodium just to show that you could

measure how sodium goes through the body. He would mix up a
cocktail with a bit of tracer in it, drink it, and then detect it
the radiation with a counter. It was amazing to us how quickly
the tracer spread through the body and reached, say, the hand or
an organ.
Did vou ever dri one of these cocktai

JL: Yes, I think I drank one. Ernest drank one, too. This kind
of tracer work led a few years later to the development of what
is called the Anger camera, a device for following the course of
radioisotopes through the body. The camera was developed by Hal
Anger, who worked with us at Donner Lab for many years. The Anger
camera is still used throughout the world, and was a precursor
of today's very widely used PET scanners.

While Joe was mixing spdium cocktails, I was using phosphorus-
32 in animals--both normal and leukemic--and I started. treating
patients at about the same time. The first patient I treated was
a woman who had chronic leukemia. It was on Christmas Eve, 1936.

I treated her with radioactive phosphorus, which concentrated in

1160922
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" "survived five, 10, 15, and more years. There is still no
3 2 omp;éié)y successful treatment for leukemia. Bone marrow
P

5 Qti§n§pléhtation has great potential now, but the immune mechanism
IR T

9 - b N

: réblem.

g ¢z

2 goh mfter that, however, I began treating patients with
© e3¢

cells. That turned out to bé one of the great successes of this
kind of therapy--the results were remarkable.

At about the same time Joe Hamilton teamed up with Mayo Soley
in the medical school and treated hyperthyroid patients with
radioactive iodine. This method is now used wide;y throughout

the world.

RR: The whole idea of ingesting radioisotopes and letting them

work inside the body to release radiation takes a certain amount

of daring the first time it's tried. Was this technique

controversial at the time? Did anyone say "Don't do that"?

JL: Everyone was afraid of radiation, and they still are, but we
were dealing with a serious disease and with low doses of
radiation. The patients were worried about it, but when you have
a serious problem you're yilling to try new things.

RR: Polycythemia vera is quite a rare disease. How did you

happen to get drawn_into studying it?

JL: Doctors in the community knew me and my work because I

talked to medical societies. One of these doctors was a blood

t160923
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, spédiéﬁist, and he said "I'd like to send you a patient.” We

S8

ﬂfitr§q§§? hundreds of patients. The treatment was successful, and

S
5}

ﬁhéi%iﬁients emerged with a near-normal life expectancy.

:»RRg‘ﬁﬁbther field in which vou pioneered was radiation

S :".':_5;):“
. - proteg¢tion. You have written before about how you convinced the

“:féyéﬁéﬁgoneers to shield their accelerators. It's a good story--
-
2 wollldyou mind telling it again? jﬁé}}h
2]
yy
4%Jhﬁ

-2

& ST B
JL¥ * T first put a rat in the 60-inch cyclotron chamber about
1939. After the cyclotron had run, I crawled back in there to see
td

g’
how the rat was doing. When I opened the canister, the rat was
dead. It had been in there about two minutes. That scared all }é’dﬁiL
the physicists. 1 later learned that the rat died of Cﬂﬁp%/
suffocation, not radiation, but I didn't spread that news around.

The physicists became much more interested in radiation

protection after that. Soon the cyclotron was heavily shielded.

And the word got around about radiation hazards, because we

reported some of our early findings in a paper presented at a
meeting in Buenos Aires in 197?7. Howard Parker, who later /fuzgi;;

bécame a leader in this field at UC, was a key man in this

research.

RR: So one could say that the earliest standards of radiation

protection also come from this laboratory. In light of this, may

ask vou what vou think about nuclear power and other related

radiation hazards today?

JL: Nuclear power makes sense to me. Not long ago I visited all

the nuclear power plants in France. One sometimes hears it said

160924
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n; French nuclear industry is superior to ours, but their

Gl B ._., ,.5

nucle@ﬁ:plants are no better than ours. The only difference is

brh v, i

E that ﬁ§ French people believe that nuclear power is safe, and

:_the1r chlldren are taught that in school. You know that people

who work around nuclear power plants in the United States and

~§tance:get less radiation in their work than they do in many

thez.éveryday activities, like making a coast-to-coast flight,

exciting and unusual things. For example, in 1953 you traveled

to oslavi o _treat Cardinal Stepinac, who had been imprisoned
by Tito. A ou tell us about that?

JL: My wife Amy and I and the children were up at Lake Tahoe,
and I got a call from the archbishop of San Francisco, who asked
me if I would go to Yugoslavia to treat a patient. I askéd
"Don't they have any doctors there who could do it?" but he said,
"No, they want you." So I came back from Tahoe, flew to Zagreb,
and .saw the cardinal. He was not in prison; he was in custody, a
kind of house arrest.

RR: Was he quite sick?

JL: He had classical polycythemia vera.
I had breakfast with him several

He was up and around,
but wasn't feeling very good.
mornings and treated him right there in his home with radioactive
phosphorus I had brought with me from Berkeley. The treatment was
successful because Stepinac got over his polycythemia and died

about 10 years later of a heart attack. After I treated the

1160923
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of my colleagues.

: _Another unusual bit o

11

;'céra;nél, Pope Pius invited me to Rome, and I went to see him. My
wife“Amy was not able to accompany me on this trip, but she came
along on many others, including India, Thailand, and Pakistan.

She was a great supporter of our work and a close friend of many

esearc ou _were involved in was

your high-altitude studies in the Andes. How did they come

about?

JL: People living at high altitudes have a form of polycythemia

vera, too, and I wanted to get some experience with these people.

One day, on a train going to the East, I struck up a conversation

with Donald McLauglin, who was connected with a silver and gold

mining company in Peru. He later became dean of engineering at

UC and a regent. I asked Don if he could arrange for me to go

down there. I organized an expedition, and my colleague Will

Siri went with me. Siri was crazy about mountain climbing

(later, of course, he became president of the Sierra Club). I

wasn't a mountain climber, but Will was, and he climbed quite a

few mountains down there. Will was very effective on these i”)

expeditions. We used the techniques that a young fellow by the bu&ﬂ%;

L4

name of Rex Huff had developed here in Berkeley, using iron-59 to

measure red cell production.

and innovators in the use of the tracer technique. ' ﬂt;;jj:;/p

Oon these expeditions we studied the people who lived at high

Rex was one of the great pioneers [

T

altitudes, then we'd take them to low altitude and study them

there, then we'd take a group of people from low altitude and

F1o0dz0
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m to altitudes as high as 18,000 feet. Some of our

:-é were miners, some of them were the local inhabitants.
:'We learned a lot about the polycythemla vera of altitude; in

: fact we found out that it's a different disease. High-altitude

Tw

in Tho Barcroft Library for

;polycythemla is due to oxygen lack and can be treated by

=

'5 admrnisterlng oxygen. But polycythemia vera is independent of
5 O ES

£ ényen dvailability: it is really a neoplastic disease. 1In the
EgSwiiis

% ; hdog§§§‘g demonstrating, we tried giving 100 percent oxygen to
QE_C ~—£..

3% oﬁeop& with polycythemia vera, but it had no effect.

These expeditions to the Andes also led to an important
research program on erythropoietin, conducted by the late Joseph
Garcia of the Donner Lab. Erythropoietin is the hormone that

controls the production of red blood cells. It is hard to detect

because it is present in very small amounts, but Garcia developed
a very effective radioimmunoassay technique for identifying and

studying this hormone in the blood. Garcia was another pioneer--

a great investigator.

What did you do during World War II? I gather that you were
not_involved in the Manhattan Project: you were working‘gn other
matfg;s.

JL: I was involved in the Manhattan Project in one way. Ernest
asked me to take charge of the health of the workers at the Lab
here and also to help at Oak Ridge and Chicago. But he knew I
wasn't really interested in doing that; I wanted to continue my
research in some way. So instead of aécepting, I recruited

others to take on those jobs. We got Dr. Stone to go to Chicago,
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idlstlnguished career in the field of radiation medicine,
E. i

‘espteklly protection. I and my associates were able to make a

‘contrlbutlon to the war effort through research, as I had hoped.

61,Raadolph Lovelace, director of research for the Air Force at

brr

HtiFleld in Dayton, Ohio, knew my work, and he got me
involved in doing a project for the Air Force. The research
involved the pressure in airplane cockpits--that was before there
were pressurized c¢abins. We had our own plane for these studies,
and we did a lot of flights at 40,000 feet, using oxygen. Some
of this work involved the use of carbon-11 as a tracer--its first
use in humans. We also did research on the bends. We built a
pressure chamber at Donner to study altitude effects, a facility
we continued to use fof many years after the war.

RR: You were a UC Regent for many years, f;om 1970 to 1983. Did

ou _enioy being on this particular firin ine?

JL: ©h yes, I did. I could have stayed on for about three more
years, but I decided that a younger fellow should take my place.
There was one thing I didlas a regent that I feel strongly about.
As you know, there was a group of people who were trying to
dislodge the university from having anything to do with the
Livermore and Los Alamos laboratories. I disagreed with them,

and I think I was effective in my speeches on this topic. I was

1160928
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‘not terribly active now. I'm summarizing some of the

things we've done, and writing them up. I don't know if you

could call it a book; I hope to get it published just for local
distribution--a sort of history of nuclear medicine in Berkeley.
And I'm still interested in the pituitary and drawing on my years
of experience with pituitary diseases. What I'm doing mainly is

reading patients' charts and analyzing them. I'm currently

working on a paper on Cushing's disease and one on Nelson's
disease, and I recently completed a similar paper on acromegaly.

The treatment of acromegaly with particle beams was another big

success of nuclear medicine. I guess I've seen more patients

with this disease than any other doctor.

RR: ave you ever been i jvate practice as: hysician?

JL: No I've never been in private practice. But of course, I
treated many patients and formed long-standing relationships with

some of them. A few ended up donating money to support our

research. Mr. Donner, who provided the initial money for the
Donner Laboratory, was not a patient of mine, but he was in the

audience when I gave my first paper on the biological effects of
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@ys. He was a wealthy man who had made a lot of money
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. in stee},and he was interested in our work. He had lost a son,

R O LA
'psephlpogner, to cancer. He came up to me at that meeting and

aid'ﬁélwsnted to come out and‘see the Laboratory--that was in

37 ©L %38. As a result of that visit, he built us the first

RN

L .
wiﬁq_dgitﬁe building, which is dedicated to the memory of Joseph
D | i

© use oniy. .
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The second wing was later built by his son, Robert, and
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medicine at Berkeley.

RR: What's the achievement vou're proudest of? What do vou feel
best about, of all the things you've done?

JL: I think that ﬁhe opportunities we've made available for
young doctors--Ph.D.s and M.D.s--to work in the field of atomic
energy in biology and medicine--that's our most important
contribution. A lot of talented people have come through
Berkeley, and now they're distributed around the country. In San
Francisco, most of the people who are in charge of nuclear
medicine got their training here, but that's also true in
Pittsburgh, New York, all around the country. We've tfained a

lot of good people, and now they are training the next

generation.
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