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will  be revieved atxi if no further study Ls aatFclpatod, they vi11 also 
bo declared inactive, 

Sincerely, 



HOSPITAL OF THE MEDICAL RESEARCH CEMER, 
BROOKHAVEN NATIONAL LABORATORY CIRC No 

Upton, New York 11973 ' CIRC STATUS MEMO 

Title: Effort  t o  reverse the signs and symptoms of  Parkineontsm with L-Dopa 

# - -  T ~ :  Dr. Cotziae 

Please indicate below whether this proposal is continuing or inactive. If continuing, complete 

Granting Agency (in connection with this proposal and the I N D  numbers given), since the last 
CIRC approval date. Also please add any additional information which may be of use to the Com- 
mittee in its deliberations. If inactiv 

the entire form, and attach to this sheet copies of any reports submitted to the FDA, HEW, or other 

return this form. 

If this form is not returned by-2, approval of the proposal will automatically 
be discontinued. 

(See attached recap sheet )  / 

R.B. Aronson, Ph.D., Associate Chairman ' DaTtd ' 

CIRC PROPOSAL NUMBER IS: Continuing 0 Inactive 0 
Proposed substantive changes are attached 

Adverse effects that have been first noted since the last approval include: 

~~ ~ 

Since the last approval 

The Sponsoring Physician as of this date is 

The following changes in Investigators should be noted: 

patients have been submitted to the experimental regimen. 

The following IND#'s have been obtained for specific compounds used in this proposal: 

Compound IND # ' Compound IND # 

T h e  investiga'tional consent form(s) used in this project are numbered 

Patients involved in this study are referrals from or also studied at the following institution(s) 
and copies are attached. 

Attach statement from institution(s) indicating the review committee approval is current. 

Signed 
Principal Investigator Date Sponsoring Physician Date 

Form 1970A 
CIRC Form 4 5/22/71 

1 1  1 9 9 0 3  
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/ !  Minutes C I R C  Meeting 

13 May 1974 

Present :  E.A. Popenoe, H.R. Connell ,  R.A. Love, P.S. Papavas i l i ou ,  
G.A.  P r i c e ,  N.P. Rathvon, J r . ,  U .  Reincke 

Absent: L. D. / Hamilton 

The meeting was he ld  i n  t h e  Small Conference Room of  t h e  Medical 
Research Center .  D r .  Popenoe opened t h e  meeting a t  1400. 

The minutes of  t h e  p rev ious  meeting, 1 Apr i l  1974, were accepted as 
d i s t r i b u t e d ,  

The fo l lowing  communications were rece ived  and du ly  noted: 

1) Copy o f  t h e  l e t te r  t o  t h e  FDA r eques t ing  amendment t o  IND 10402 
t o  use  thal l ium-201 as t h a l l o u s  c h l o r i d e  provided by t h e  New 
England Nuclear  Corp.,  Boston, Mass, 

2) Memo t o  D r .  Cronki te  from D r .  Popenoe re whole-body count ing 
da ted  23 A p r i l  1974. 

3) 'Copy o f  l e t t e r  t o  FDA from D r .  Atkins  t o  inc lude  D r .  Shreeve as -' 
an  i n v e s t i g a t o r  on I N D  7677. 

reviewed f o r  r e c e r t i f i c a t i o n  and approved w 

CIRCIl14 was approved but  n o t  unanimously. N.P. Rathvon 

CIRC#llS was approved wi thout  q u a l i f i c a t i o n .  

The Committee next  d i scussed  t h e  proposed new CIRC forms 
fo l lowing  changes: 

C l i n i c a l  I n v e s t i g a t i o n  Proposal  
CIRC form 2-1 

thou t  q u a l i f i c a t i o n .  

Jr. d i s sen ted ,  

and sugges ts  t h e  

Paragraph B.- More space  be  made a v a i l a b l e  f o r  p r e s e n t i n g  t h e  informat ion  
reques ted .  

Pallagraph D.-  I nc lude  l e g a l  competence o f  t h e  p a t i e n t  
I n d i c a t e  o t h e r  i n v e s t i g a t i v e  programs t h e  p a t i e n t  i s  p a r t i c i -  

p a t i n g  i n  
Provide  more space f o r  p re sen t ing  t h e  informat ion  reques ted  

// 
Supplementary Informat ion  on Radionucl ide Adminis t ra t ion  

C I R C  form 2-3 

Paragraph A. - Inc lude  t o t a l  amount of a c t i v i t y  t o  be adminis te red  
Quest ion 5 



C I R C  Status Memo. C I R C  form 84' 
/ 

j 
I .  

Change i n  wording 

From: "Adverse e f f e c t s  that  have not already been reported to t h e  
Department - _ -  Chairman include : I' 

To:. 
approval include:" . 

The meeting was adjourned at 1500, 

"Adverse e f f e c t s  that  have been f i r s t  noted s ince  the l a s t  

Respectful ly  submitted, *Qa 
Helen R. Connell 

-- . 

. c. . -  
1'1 

8 .  



HOSPITAL OF THE MEDICAL RESEARCH CENTER, 
BROOKHAVEN NATIONAL LABORATORY 

Upton, N e w  York 1 1973 

CLINICAL INVESTIGATION AUTHORIZATJON FORM 

E f f o r t  to reverse tbe  signs and symptoms cf 
parkinsonism w i t h  L-dopa .  . 

TITLE. 

c 

ClRC No. 

19F 
I 

PURPOSE OF REVIEW: 

INITIAL 0 ADDENCUM 

a RECERTIFICATION 0 REVISION 

0 REACTIVATION 
- /  

/ -  

TO CHAIRMAN, CIRC: 

THE PROPOSAL FOR CLINICAL INVESTIGATION IDENTIFIED BY THE ABOVE ClRC NUM AND RECOMMENDATION. 

C 

WITH THE FOLLOWING MODIFICATIONS: 

E.A. POPENOE, Chatman H.R CONN u 

0, li J 
' P.S. PAPAVASILIOU 

U. REINCKE 
u, 

S.H. COHN, Alternate 

D.N. SLATKIN, hltetn.de A.P. WOW, Alternote 

. .  
TO nrs Cntaa+&puasllinll ct M ~ n d ~ 7  

THE ABOVE TITLED AND NUMBERED PROPOSAL IS SUBJECT TO THE FOLLOWING: 

http://hltetn.de


CIRC No 
Upton, New York I1973 CIRC STATUS MEMO 2 1  .Ls 

HOSP~TAL of THE MEDICAL RESEARCH CENTER, 
. BROOKHAVEN NATIONAL LABORATORY 

% Title: 
E f f o r t  t o  r e v e r s e  t h e  s i g n s  and symptoms of parkinsonism with L-dopa .  

T o  : Dr. - C 0-t = i a s  f f  Date: 3/ 13/ 74 

Please indicate below whether this proposal is continuing or inactive. If continuing, complete 
the entire form, and attach to this sheet copies of any reports submitted to the FDA, HEW, or other 

Granting Agency (in connection with this proposal and the IND numbers given), since the last 
CIRC approval date. Also please add any additional information which may be of use to the Com- 
mittee in its deliberations. If inactive, merely sign and return this form. 

, approval of the proposal will automatically 
3/ 31/74 

If this form is not returned by 

f 
discontinued. 

-MdKy ?$/ 
Date 

To R.B. Aronson, 

CIRC PROPOSAL NUMBER 19 IS: Continuing $ Inactive 0 
- Proposed substantive changes are attached 

Adverse effects that have not already been reported to the Department Chairman include: 
-.c 

Since the last approval 

The Sponsoring Physician as of this date is 

The following changes in Investigators should be noted: 

patients have been submitted to the experimental regimen. 

George C. C o t z l a s .  M.D. 
*>LL-LzL -P- =+ C L . i J . 9  

"4- 

\ (3 5 c paromfi 1 \ I L r n  t YdTQf,. & &h! 
- -  

The followjng, IND #'s have been obtained for specific compounds used in this proposal: 
D l h q a , - D y  ~ ~ ~ c > ~ ~ / A I ~ ~ J ~ F J E  

IND# -' 4 ' ;  Compound IND # 
- *  Compound 

7 rt-. , 

6- wore: z l U 3  371j .  0 o c."J-< 4L /ba~3 o 
G%bT.&Tc,4t \I  &"'€% <_tn.a.Q- .J w 6  . i c r pc04 (4 

The investigational consent form(s) used in this project are numbered 

Patients involvcd in this study are referrals from or also studied at  the following institution(s) 
and copies are attached. 

Attach statcmcnt from institution(s) indicating the review committee approval is current. 

1 ? }  ' 1 
" r :  / - (j,* . )  f ' - &  J + C  Signed 'I!$ f (, ( * .  * \  1:  ;, p 5 ;  ' , \ I w ,  - 

' i- ' , I  

vPrinc&i Investigator !- 3 Date 1 Sponsoiing Ph>sic%n , Date 

Form 1970A 
CIRC Form 4 3/21/73 



I- /- 

Minutes C I R C  Meeting 

19 March 1973 

-j. 

... 

c 
P r e s e n t :  S.. Cohn, X. A; k v e ,  G. A. P r i c e ,  N. P. Rathvon, Jr.,  J. S, Robertson 

The Committee m e t  a t  1400 i n  t h e  Van Slyke Memorial Room. 

The minutes of t h e  p rev ious  meeting, 12 March 1973 were accepted as d i s t r i b u t e d .  

C I R C  98 

The Committee found t h e  proposed dose schedule  u n c l e a r ,  t h e r e  being no t i m e  
s p e c i f i e d  f o r  t h e  t r a n s i t i o n  from 60 %/day increments t o  20% increments,  D r .  Mena 
was c a l l e d  i n  and exp la ined  t h a t  t h e  t r a n s i t i o n  would occur  when t h e  dose reached 
1 gram p e r  day. The q u e s t i o n  o f  whether an  upper l i m i t  o f  an increment of 1 gram/d 
should be set was d i scussed  b u t  n o t  made a recommendation. 
c l a r i f y i n g  t h e  dose schedu le  was suggested. 

A r ev i sed  wording 

CIRC 19F 

Reapproved without  q u a l i f i c a t i o n .  

CIRC 74 

-. . - - --- _ -  
Reapproved without  q u a l i f i c a t i o n .  - 

CIRC 47 

The r a d i a t i o n  dose c a l c u l a t i o n s  were reviewed. It was recommended t h a t  t h e  
d o s e  i n  r a d s  be s t a t e d  on t h e  consent  form. 

The meeting adjourned a t  1515. 

R e s p e c t f u l l y  submit ted,  

/ 

airmen and S e c r e t a r y  protem 

/' 

. . . . - 
I 

I , '  , 

r__  , . _. __._ _C_____._  ...___- _.-. . ,. -.------I- 



HOSPITAL OF THE MEDICAL RESEARCH CENTER, 
BROOKHAVEN NATIONAL LABORATORY 

Upton, New York 1 1973 

TITLE: 

Effort to 
with L-Dopa 

CLINICAL 

reverse the signs 

INVESTIGATION 

and symptoms 

I 

. 

AUTHORIZATION FORM 

of Parkinsonism 

ClRC No. 31 
PURPOSE OF REVIEW: 

0 INITIAL 

0 REVISION 

0 REACTIVATION 

ADDENDUM 

RECERTIFICATION 

- 
TO CHAIRMAN, CIRC: 

THE PROPOSAL FOR CLINICAL INVESTIGATION IDENTIFIED BY THE ABOVE ClRC NUMBER AND TITLE I S  FORWARDED HEREWITH FOR REVIEW AND RECOMMENDATION. 

d a  FA73 
Date 

- 4 ? 6 7 u  
E.P. CRONKITE, M.D., Chairman, Medical Deparment - 

TO CHAIRMAN, MEDICAL DEPARTMENT: 

THE ClRC REVIEWED THE ABOVE IDENTIFIED PROPOSAL ON . 9 /F7' ANDRECOMMENDS qy@ 
WITH THE FOLLOWING MODIFICATIONS: 

.- V4-w - 

G.C. COlZlAS, Alternate Chairman 

yN.P. RAWVON, JR. 

D.N. SLATKIN, Allernat$ A.P. WOLF, Alternate 

S !  &. /7Qf+f"&#AL.L /dflc&,G.rr/ /d4 
TO L/ I .  / 

THE ABOVE TITLED AND NUMBERED PROPOSAL IS .I SUBJECT TO THE FOLLOWING: 

Date E.P. CRONKITE, M.D., Chairman, Medical Department 



WSPlIAL OF THE MEDICAL RESEARCH CENTER, 
BROOKHAVEN NATIONAL LABORATORY 

Upton, New York 11973 

CIRC STATUS MEMO 

CIRC No. Jl 
w i t h  L-DoDa Title: E f f o r t t o  reverse t h e  s i g n s  and symptoms of Parkinsonism ~ 

Please indicate below whether this proposal is continuing or inactive. If continuing, complete 
the entire form, and attach to this sheet copies of any reports submitted to the FDA, HEW, or other 

Granting Agency (in connection with this proposal and the I N D  numbers given), since the last 
CIRC approval date. Also please add any additional information which may be of use to the Com- 
mittee in its deliberations. If inactive, merely sign and return this form. 

If this form is not returned by 2 / 2 8 / 7 3  , approval of the proposal will automatically 

CIRC PROPOSAL NUMBER 19F 

F 
Proposed substantive changes are attached 

Adverse effects that have not already been reported to the Department Chairman include: 

U O d L  

Since the last approval T z o  
The Sponsoring Physician as of this date is 

The following changes in Investigators should be noted: 

patients have been submitted to the experimental regime. 

r3 f a 0  
3 '  

-. 

Delete Drs Duby and Lawrence and add D r s .  I. Men; 

and J. Mendez. 

The following IND#'s have been obtained for specific compounds used in this proposal: 

' The investigational consent t'orm(s) used in this project are numbered andcopies are attached. 
Patients involved in this study are referr+ from or 

Attach statement from institution(s) indicating the 

c) W ! S a  &&a v 



Pur 

T i t  

- 
To 

fori 

- 
To 1 

Id el 
mod. 

f 
- 

HOSPlTAL OF ,  MEDICA^ R E S E A R C H  CENTER,  
BROOKHAVEN NATIONAL L A B O R A T O R Y  

. Upton, New YorC 11973 

CLINICAL INVESTIGATION AUTHORIZATION FORM 

bse of  Review: I n i t i a l  0 Revision Continuing Addendum 

EFFORT TO REVERSE THE SIGNS AND SYMPTOMS OF 

Ass igned 

!: 

@ 
WITH L - D O P A  . - -  - 

airman, C I R C ,  
The p roposa l  f o r  c l h i c a l  i n v e s t i g a t i o n  i d e n t i f i e d  by t h e  above CIRC number and t i t l e  is 
,rded he rewi th  for review and recommendation. 

E.P. Cronkite ,  M . D . ,  P r e s i d e n t  o f  S t a f f  * Date 

e s i d e n t  o f  S t a f f ,  
The Cl inical  Inveetigatio,n and Usee of Radloeotopee Comm 

' lcat  Ions: 

ewed t h e  above 
l f i e d  p roposa l  on /7 w d 7 J a n d  recommends with t h e  fol lowing 

kobeytson,  Chairman G . C .  C o t z i a s ,  Alt. Chairman H.R. Connell 

E. A. Popenoe, A l t e r n a t e  R.A. Love 

G. Chikkappa N.P. Rathvon, Jr. 

Dub y , A1 t er,na t e A.P. Wolf, A l t e r n a t e  

- 
The above titled and numbered p roposa l  is 4 eub jec t  t o  t h e  following: 

. .  

E.P. Cronkite,M.D., P r e s i d e n t  o f  S t a f f .  Date 
~- 

form bl  5/12/71 



C I R C  

MINUTES 

The committee m e t  i n  t h e  small  conference room of  t he  ENL Medical 
t 

- c  

Department a't 140Or-o; 6 March 1972 .  

The fo l lowing  p roposa l s  were considered and approved: 

C I R C  No. 

47 

P r i n c i p a l  I n v e s t i E a t o r  

Co tz i a s  

' Chikkappa 

74 Chi kka p pa 

80 Cotz ias 

The fol lowing p roposa l  w a s  disapproved:  
.6, 

81 Co tz i a s  

Proposa l  81 i s  r e a l l y  a m o d i f i c a t i o n  a p p l i c a b l e  t o  both C I R C  19F 

and C I R C  57. D i f f i c u l t i e s  a r e  f o r e s e e n  i f  C I R C  81 i s  used as t h e  on ly  

i d e n t i f y i n g  proposa l  i n  a p a t i e n t ' s  r e c o r d .  D i f f i c u l t i e s  a r e  a lso 

f o r e s e e n  i f  C I R C  81 i s  t o  be reviewed i n  the  f u t u r e  without  

o f  CIRC 81 be ing  j u s t i f i a b l e  as a n  independent p roposa l ,  t h e  committee 

ques t ioned  whether t h e  d i e t a r y  a s p e c t s  of t h i s  s t u d y  r e q u i r e  committee 

a c t  i o n .  

'he cornit tee w i l l  be  glad t o  recons idered  t h e  p roposa l  i f  so 

r eques t ed .  

\-Chairman, C I R C  

I 

I 

I 

i 
4 -  
t -  

i 

! 

1 :  

I -  
I 
I 

I 

! 

I 

! 



r -  

BROOKHAVEN NATIONAL LABORATORY 

M E M O R A N D U M  

TO : CIRC Commit tee ( D r .  Robertson) 

FROM: R.B. Aronson,Ph.D. 

SUBJECT : CIRC Meeting 

The following propoeale are enclosed for consideration by the 

CIRC Cownittee at the next meeting to be held in the Small Conference 

Room at 2:OO PM on March 6, 1972: . 

CIRC 

F i- 

47 

MA/ Ck* 
Enclosures 

t .  

1 1 1 9 9 1 3  

74 

80 

81 



J 
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Pur 

T i t  

- 
To 

f o r  

- 
To ' 

i d e  
mod 

- 
Je 6 

- 

- 
- 
S. E, 

. 
HOSPITAL OF-!€ MCOICAl RESCARCH CENTER, 

B1100KH. .N NATIONAL LABORATORY 
Upton, Now Ywk 11973 

CLINICAL INVESTIGATXON AUTHORIZATION FORM 

ose  of Review: I n i t i a l  0 Revision Continuing $f Addendum 0 
I e: 

EFFORT TO REVERSE THE SIGNS AND SYMPTOMS OF PARKINSONISM cIRc# 

WITH L-DOPA . 
e 

-.A- -. 

hairman, CIRC,  

rrded herewi th  for  review and recommendation, 
The propoeal  for c l i n i c a l  i n v e e t i g a t i o n  i d e n t i f i e d  by t h e  above CXRC number and t i t l e  1 

i 

/ 6  LA'72 . -  I 

E.P. Cronk i t e ,  M.D., P r e s i d e n t  of S t a f f  Date 
- 

r e s i d e n t  o f  S t a f f ,  
The Cl inical  I n v e e t i g a t i o n  and Ueee of Radtoeotopae Cownittee reviewed the above 

t i f i e d  p r o p o r a l  on and raccnxnende w i t h  t h e  fol lowing 
Eica t! ion t 

I 
I 

Robertson, Chairman . q.C. Cotziae, A l t .  Chairman . . H , R .  Connell  

S.H. Cohn E. A, Popenoe, Alternate R.A. Love 

w ' .  
G. P r i c e  G. Chikkappa N. P. Rathvon, Jr. 

Doby, Alterenate T -  A.P. Wolf, A l t e r n a t e  w v  

- 
'- T 

Y 

The above tit1.d and numbered p r o p o s a l  is 
I .  
I " I 

s u b j e c t  t o  t h e  following: . .  . . .  

Date 
t t 7  E.P. Cronkite,M.D., P r e s i d e n t  o f  S t a f f .  

form 41 5/12/71 
! 

I_- 
L.& -. -- 

I I .  



BRC KHAVEN N A T I O N A L  LABORA( .- R Y  

M E M O R A N D U M  

DATE: 10 February 1972 

To: D r .  J. S. Robertson - Chairman CIRC 

FROM: George C. Co tz i a s ,  M.D. 

S U B J E C T :  C I R C  19F "EFFORT TO REVERSE THE 
SIGNS AND SYMPTOMS OF PARKINSONISM WITH L-DOPA" 

I reques t  t h a t  C I R C  19F be r e a c t i v a t e d .  Although Levodopa became an  
approved drug and our I N D  /I3911 was no longer  necessary,  w e  continue t h e  
a d m i n i s t r a t i o n  of Levodopa. I n  o rde r  t o  comply w i t h  D r .  Cronki te 's  memo 
of 27 February 1971 " I d e n t i f i c a t i o n  of  P a t i e n t s  by a R C  #" 19F w i l l  b e  
used t o  i d e n t i f y  p a t i e n t s  r e c e i v i n g  Levodopa. 

Dr. E. P. Cronki tc  
D i s t r i b u t i o n :  Medical Record L i b r a r i a n  

M r .  H. Pa t e  
M r .  Finn 
D r .  R. Aronson 
Mrs. C. Kerr 
Dr. Papavas i l iou  
D r .  Duby 
D r .  Lawrence 
D r .  Mena 



BROOKHAVEN NATIONAL LABORATORY, 

. M E M O R A N D U M  

I 

c: 
c 

FROM : R.B. Aronson, Ph.D. 

I n  compliance with r ecen t  FDA and H E W  n o t i c e s  r equ i r ing  p e r i o d i c  reviews o f  

P lease  i n d i c a t e  a t  t h e  bottom of  t h e  page i f  t h i s  proposal  should be con- 
c l i n i c a l  research  pro jec ts , ,  your C I R C  proposal , numberjqf i s  scheduled f o r  review 
soon. 
t i n u i n g  o r  placed on t h e  i n a c t i v e  l i s t .  

This  proposal  was l a s t  reviewed and approved by t h e  Committee 
197/  . Do you wish t o  make any subs t an t ive  changes i n  your proposal? 

Have you not iced  any adverse  e f f e c t s  during t h e  experimental  program which have 
no t  a l r eady  been repor ted  t o  t h e  Department Chairman’s Off ice?  
c lude  t h e  n a t u r e  and frequency of  such e f f e c t s .  

P l ease  in-  

13 

Approximately how many p a t i e n t s  have been submitted t o  t h e  experimental  regime 
s i n c e  t h e  l as t  approval? 

The Sponsoring Phys ic ian  on t h i s  proposal is . Has 
t h e r e  been a change o f  Sponsoring Physician or 

Please  add D r .  Simone Duby and D r .  William H. Lawrence a s  i n v e s t i g a t o r s .  

I f  you have obta ined  IND numbers from t h e  FDA i n  connect ion with t h i s  proposal  
p l e a s e  l i s t  on a sepa ra t e  shee t  t h e  compounds and corresponding IND numbers, and 
a t t a c h .  

P l e a s e  o t t a c h  t o  t h i s  shee t  copies  of any r e p o r t s  submitted t o  t h e  FDA, HEW, o r  
o t h e r  Grant ing Agency ( i n  connect ion with t h i s  proposal  and t h e  IND numbers given 
above) ,  s i n c e  t h e  l a s t  C I R C  approval  da t e .  

P l ease  add any a d d i t i o n a l  information which may be of  u se  t o  t h e  Committee i n  
Inc lude  a copy of  t h e  P a t i e n t  Consent Form now i n  use  f o r  t h i s  i t s  d i l i b e r a t i o n s .  

s tudy.  
C I R C  PROPOSAL NUMBER dTJ Is: Continuing 

I n a c t i v e  n 
U 

Signed “Date I !  ?( 
Please  r e t u r n  t h i s  completed form t as soon as poss ib le .  



.4 '$ 

Minuces CI!IC Meeting 

22 February 1971  

Members p r e s e n t :  Drs, Colin, K l o p p e r ,  Love, Robertson and Steck 

Absen t :  Dr, h m i ~ t o n  

The Connittee met ,at 1430 in the Small Conference Room of the Medical 

Research Center. 

Proposals CIRC#64 and #65 by Cotzias et a1,for the use of DOPAC and 

8 - ( 3 , 4  dihydroxypheny1)-DL-lactic acid in studies of patients with Parkin- 

sonism and dysyonia were considered. 

following changes requested: 

The proposals were passed with the 

In CIRC#64, under potential hazards, the names of the sources of the 

J j 
toxicity information cited should be given, and where LD50's are mentioned, 

the time in hours or days should be indicated. 

In CIRC865, on page 2 ,  the third limit under the protocolshould be 

changed t o  mean 8.0 grams per day.  

The Committee also received,,copies of three letters from Dr. Cotzias to 

the FDA notifying them 

authorized under IND's 

clinical trials previously 

The corresponding CIRC proposals 

are accordingly considered to be inactive. 

A letter was recejved from Dr. Atkins indicating that the 4 dose per year 

restriction put on CIRC863 could operate,to.d,eprive a patient of the use of a 

procedure which would give a lower radiation dose than the alternative using 

1311 . j It .is accordingly recommended,,that the restriction be modified to include 

the phrase,.,'.'Ex,cept when it is .clearly in t h e  int,erest of the patient involved 

to exceed this restriction." 1 . 1  1 ' 3  I 
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The Committee on C l i n i c a l  I c v e s t i g a t i o n s  and Use of  Radioisotopes 

hereby approves the,program wi th  the  following t i t l e :  

c _ -  
/ 

EFFORT TO REVERSE THE SIGNS AND SYMPTOMS OF 

PARKINSONISM WITH L-DOPA 

C I R C  # 19-f has been assigned to t h i s  program;- ' 

Date: November 4, 1966 

P lace :  Medical Research Center  
Brookhaven Na t iona l  Laboratory 
Upton, New York 11973 
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Haro d- L - Atkins 

- eoterias , M .D . , Chairman 

lv 
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Herbert  Savel ,  M.D. 

Knud Knudsen, M.D. 
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V.P.Bond, M . D .  ,Cha 
Date: Nov. +, 1966 

FORM FOR INITIATION OR REVIEW OF CLINICAL 

INVESTIGATIVE PROGRAMS 
CIRC # 19-f  

(Submit. o r i g i n a l  only ' t o  Department Chairman) 

t - -  
A. T i t l e  of che pro<osal: 

B. Sponsoring phys ic i an ( s ) :  G.C. Cotzias 

EFFORT TO REVERSE THE SIGNS A N D  SYMPTOMS OF PARKINSONISM 
WITH L-DOPA 

C. Responsible i n v e s t i g a t o r  (s )  : G.C. Cotzias  and P.S. Papavasi l iou 

D. B r i e f  d e s c r i p t i o n  of t h e  s tudy ,  i nc lud ing  i t s  gene ra l  goals  and purpose, and 

p e r t i n e n t  information on p a s t  s t u d i e s :  (Attach a d d i t i o n a l  s h e e t s  i f  necessary.)  

The a t t ached  manuscript ,  accepted f o r  pub l i ca t ion  by t h e  New England 

J o u r n a l  of Medicine, r e p o r t s  a completed s tudy of t he  Pa rk inson ian ' s  responses  

t o  f3-MSH, D-L Dopa, and D-L Phenylalanine.  

symptomatology and so  d i d  f a i r l y  l a r g e ,  sudden doses of D-L Phenylalanine., 

f3-MSH caused some aggrava t ion  of 

whereas slow increments of t h e  l a t t e r  f a i l e d  t o  a f f e c t  t he  one p a t i e n t  s t u d i e d .  ' 

I n  view of t h i s  t h e s e  two agen t s  were discont inued.  D-L Dopa, on t h e  o t h e r  

hand, had some b e n e f i c i a l  e f f e c t  i n  about h a l f  t h e  p a t i e n t s  s tud ied .  The 

e f f e c t  was sus t a ined  over s e v e r a l  months provided t h a t  t h e  dose was h ighe r  

(CONTINUED ON NEXT PAGE) 
E. Reasons why t h e  i n v e s t i g a t i o n ( s )  are t o  be performed on human sub jec t s .  

Animal s t u d i e s  have been conducted i n  t h e  pas t  and a r e  being i n i t i a t e d  

again.  These bear  on t o x i c i t y  and a n t i c i p a t e  poss ib l e  mechanisms of tachyphy- 

l a x i s ,  i f  t h i s  should occur i n  man. Animals do not have Parkinsonism. There- 

f o r e ,  studies nn improvement of t h i s  d i s e a s e  must  be conducted on humans. 

Type of p a t i e n t  i n  which t h e  s tudy  i s  t o  be done ( inc lud ing  approximate number 

of s u b j e c t s ,  i f  known; s p e c i a l  r e s t r i c t i o n s  o r  requirements;  method of ob ta in -  

i n g  consent ;  etc.): 

F. 

The p a t i e n t s  t o  be s t u d i e d  w i l l  be advanced Parkinsonians,  s i n c e  only they 

had responded t o  D-L Dopa. The dose necessary w i l l  be determined e m p i r i c a l l y ,  

but i t  i s  a n t i c i p a t e d  t o  l i e  between.2 and 8 gm. a day. S p e c i a l  r e s t r i c t i o n s  

a re :  1) Presence of decompensated ca rd iovascu la r  d i sease  of any kind; 2) Pre- 

sence of major mental a b e r r a t i o n s .  3) Presence of blood dTscrasia  o r  a b n o r m a l i t i e s .  

1 1 1 9 9 1 9  (CONTINUED ON NEXT PAGE) 



G. 1. Are drugs not i n  the ff. S. Pharmacopoeia (USP) or t h e ' h .  being used or con- 
templated f o r  use? .Yes x No 

2. Is an unusual use of a drug(s) accepted by the USP or NNR contemplated? (An 

example would be the use.of an accepted drug in dosages far exceeding the 

recommended limits or for purposes distinctly different from the usual indi- 

cations cited.) Yes No X 
f 

3. Are any biologkcal pfoducts to be administered that do not bear on their con- 
tainers or labels notation of approval by the Biological Control Division of 
the National Institutes of Health? Yes No x 

4 .  Is external or internal radiation other than accepted diagnostic or thera- 
peutic procedures to be administered? Yes x No 

5. Are any (other) unusual procedures being performed or proposed which in your 
judgment may entail a special hazard - particularly a hazard above and beyond 
any imposed by accepted diagnostic and therapeutic measures for that patient? 

Yes No - X 
Yes x No 6 .  Are any radioisotopes to be administered to human beings? 

a. If yes, are the radioisotopes to be used solely within the limits of pro- 
cedures, specifically described in the USP? Yes No X 

Describe the radioisotopic preparation(s): 

b. Or are the radioisotopes to be used only in accordance with a project 

previously approved by the former Radioisotope Committee of this 
Department? Yes x No 
Note the project number: H-49 and CIRC 19 thru 19e 

IF ANY OF QUESTIONS 1 THROUGH 5 ARE ANSWERED AFFIFWATIVELY, a detailed analysis 

of the potential hazards must be appended, including pertinent bibliographic cita- 
tions and other relevant information. 

IF QUESTION 6 IS ANSWERED AFFIRMATIVELY, a completed supplementary form for 
Radibisotope Administration to Human Beings must be appended. However, this form 
need not be filed provided that questfon 6a or6b is also answered affirmatively. A 
separate form mst be submitted for each radioisotopic species to be administered. 

0 Spohoring Physuan 
Committee on Clinical Investigations and 
Uses of Radioisotopes 

Approval recommended lr Date 1 
Disapproval Date 

V. P. Bond, M. D. 
Chairman, Medical Department 
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D. (continued) 

than  those encountered i n  the  l i t e r a t u r e .  I n  some ins t ances  the  t h e r a -  

p e u t i c  e f f e c t  was indeed 'dramatic.  

ca t egor i e s :  . I> Occas-iona1 anorexia  o r  nausea, mostly t r a n s i t o r y .  

I11 e f f e c t s  encountered f e l l  i n t o  t h r e e  
e _ -  

2) Three 

in s t ances  of involuntary  a t h e t o i d  movements which appeared when the  the ra -  

p e u t i c  e f f e c t  was marked. 

reversed  when t h e  amino ac id  was stopped. 

3) Four in s t ances  of granulocytopenia ,  which became 

I t  
The experiences of Birkhauser and Hornykiewicz, of McGeer and Zeldowicz 

and of Fehl ing ( r e f .  15,16,17,18 of a t tached  p rep r in t )  a s  w e l l  a s  t h a t  of 

Barbeau a l luded  t o  on e a r l i e r  Circ .  #19a, show t h a t  about 112 of t h e  dose i s  

needed t o  achieve about t h e  same r e s u l t s  i f  one used L-Dopa in s t ead  of D-L. 

It i s  poss ib l e  t h a t  your approval  of #19a covers  t h e  use of L-Dopa, but  

we r e s p e c t f u l l y  reques t  an a d d i t i o n a l  judgement. 

The reasons f o r  us ing  L-Dopa a r e  t h a t  t h e  sirde e f f e c t s  of  the  D-L com- 

pound might be l e s s  pronounced w i t h  t h e  L. The L compound, being t h e  n a t u r a l  

one, i s  expected t o  be l e s s  t o x i c  than  the  D-L. However, i n  mice being given 

o r a l l y  D,L and D-L Dopa i n  va r ious  amounts f o r  per iods  up t o  24 weeks, no 

t o x i c i t y  was encountered, w i th  any of t he  compounds. Poss ib le  d i f f e r e n c e s  i n  

t o x i c i t y  are t o  be def ined i n  a s tudy  involv ing  r a t s  and mice now i n i t i a t e d .  

The compound was purchased from t h e  N u t r i t i o n a l  Biochemicals Corporat ion because 

we have had good experience wi th  t h e i r  products  and f e e l  t ha t / can  be t r u s t e d .  
they  

Since i t  was thought dur ing  my absence t h a t  document 19a covered L- 

Dopa, t h i s  amino ac id  was s t a r t e d  on four  p a t i e n t s ,  but i t  w i l l  be d iscont inued  

i f  your committee so  dec ides .  A l l  f ou r  p a t i e n t s  showed r a t h e r  s t r i k i n g  sus-  

t a ined  t h e r a p e u t i c  e f f e c t s  on t h e i r  Parkinsonism. O f  t hese ,  one showed a 

granulocytopenia  w i t h  2300-2800 t o t a l  c i r c u l a t i n g  granulocytes;  For about two 

weeks, t h i s  has not  changed al though t h e  amino ac id  was continued. The granu- 

locytopenia  was ev iden t  on ly  i n  t h e  morning. Dopa was now s h i f t e d  t o  the  n ight  

t 1 1 9 4 2  I '  
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D. (continued) 

in s t ead  of t he  d a y  t o  de5ermine whether the d i u r n a l  rhythm of the granulo- 

c y t e s  i s  changed by t h i s  agent .  During the l a s t  t h r e e  days the  white c e l l  

. - -  - 

counts ,  performed during morning and af ternoon,  have been normal. However, 

t h e r e  have been seen bone marrow changes which c o n s i s t  p r imar i ly  of some 

v a c u o l i z a t i o n  of t h e  corresponding c e l l s .  

E d  

A s p e c i a l  requirement i s  t h a t  t h e r e  be l i t t l e  doubt of t he  d i agnos i s .  Post 

e n c e p h a l i t i c ,  i o d i o p a t h i c  and a r t e r i o s c l e r o t i c  v a r i e t i e s  of t h e  d i sease  w i l l  

not  be separated from each o t h e r .  

Consent i s  obtained v e r b a l l y  i n  the  Outpat ient  Department and 

repeated on t h e  wards from both t h e  p a t i e n t  and h i s  next-of-kin.  We t r y  t o  

o v e r s t a t e  t h e  dangers of t h i s  experimental  therapy and t o  unde r s t a t e  t h e  

p r o b a b i l i t y  of  l o n g - l a s t i n g  success .  

drugs and t h e i r  dangers.  They are being informed of t h e i r  progress .  They 

a r e  reassured t h a t  i f  t hey  do no t  p a r t i c i p a t e  i n  t h e  p r o j e c t  they w i l l  not be 

d i sc r imina ted  a g a i n s t .  

The p a t i e n t s  know the  na tu re  of t h e  

t t 1 9 4 2 2  
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QUESTION 1: Known hazards from t h i s  amino acid include:  1) Induct ion of nausea 

o r  anorexia .  2) Induct ion of m i l d  a the to id  movements. 3) Induc t ion  of g ranu-  

locytopenia .  A l l  t h r e e  have been r e v e r s i b l e  up  t o  now. 
# 

. -  
/ 

QUESTION 6 :  N. A .  

I 1  1 9 9 2 3  
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INTRODUCTION 

The known biochemical abnormali t ies  i n  Parkinson's d i sease  c o n s i s t  o f :  

(a) a decrease of melanin pigment i n  the  s u b s t a n t i a  n ig ra  (1,2) and (b) a de- 

c r ease  of some biogenic  amines i n  the s u b s t a n t i a  n ig ra  and the corpus s t r i a t u m  

( 3 ) .  

i n  both melanocytes ( 4 )  and sympathetic c e l l s  (5) t y r o s i n e  i s  hydroxylated to 

dihydroxyphenylalanine,  a common precursor  i n  t h e  syn thes i s  of both melanin 

and catecholamines. Furthermore, both melanocytes and sympathetic c e l l s  

o r i g i n a t e  from t h e  n e u r a l  crest ( 6 ) .  

I 

These -two de fec t s -&gh t  be i n t e r r e l a t e d ,  a s  suggested by t h e  f a c t  t h a t  

It was suggested e a r l i e r  (7, 8) t h a t  the i n t e r r e l a t i o n s h i p s  between 

melanogenesis and extrapyramidal  d i sease  might be of fundamental importance. 

It was noted t h a t  chronic  exposure t o  a t  l e a s t  two chemicals, namely manganese 

and phenothiazine compounds may induce extrapyramidal man i fe s t a t ions .  Mangan- 

ese was shown t o  accumulate i n  the  va r ious  melanin granules  analyzed (9,10), 

a p rope r ty  which i s  shared by phenothiazines (11). I n  a d d i t i o n ,  metals  such 

a s  manganese i n t e r a c t  -__I i n  v i t r o  wi th  phenothiazines t o  give semi-quinone f r e e  

r a d i c a l s ,  s i m i l a r  t o  those present  i n  normal melanin (12). 

I n  the  present  work an e f f o r t  was made t o  ameliorate  t he  known biochem- 

i c a l  abnormali t ies  i n  p a t i e n t s  w i th  Parkinson 's  d i sease .  I n i t i a l l y  the  e f f e c t  

of melanocyte s t i m u l a t i n g  hormone WSH) was i n v e s t i g a t e d .  This  agent i nc reases  

melanin depos i t i on  a t  l e a s t  i n  t he  integumental  melanocytes (13) and it  was 

hoped t h a t  i t  might s i m i l a r l y  a f f e c t  t h e  pigmented c e l l s  of t h e  b r a i n .  Fur-  

thermore, this pept ide has increased the  amplitude of evoked monosynaptic 

p o t e n t i a l s  in t h e  s p i n a l  cord of the c a t  (14). It became apparent however, 

t h a t  t he  Parkinsonian s t a t e  was r e v e r s i b l y  aggravated by t h e  admin i s t r a t ion  of 
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t h i s  hormone. A se rv iceab le  working hypothesis  compatible wi th  t h i s  f i nd ing  

might be t h a t  the hormone was s h i f t i n g  dihydroxyphenylalanine (DOPA), t he  

precursor  of melanins and biogenic amines, f r o m  the b r a i n  t o  t h e  integument. 

Therefore ,  i t  was c o n s i d v e d  d e s i r a b l e  t o  i n v e s t i g a t e  the t h e r a p e u t i c  poten- 

t i a l  of DOPA, p a r t i c u l a r l y  s i n c e  the  e a r l y  r e p o r t s  of s h o r t - l i v e d  improvement 

- -  - -  

(15) were disputed by l a t e r  s t u d i e s  (16,17,18). BY adminis ter ing higher  doses 

than  previously r epor t ed ,  a r a t h e r  s t r i k i n g  sustained improvement was ob- 

‘served i n  s e v e r a l  p a t i e n t s .  

t h e  c i r c u l a t i n g  granulocytes  and marked vacuo l i za t ion  of t h e  corresponding 

Some of the p a t i e n t s  developed a depression of 

bone marrow c e l l s .  S i m i l a r  hematological complications a s soc ia t ed  with 

e i t h e r  phenylalanine d e f i c i e n c y  or  chloramphenicol t o x i c i t y  have been reversed 

by phenylalanine (19, 26). Excesses of t h i s  amino acid have a l s o  increased 

t h e  dopamine concen t r a t ion  i n  r a t  b r a i n  (Zr), while low dopamine concen t r a t ions  

have been l inked with t h e  pathogenesis of human Parkinsonism ( 3 ) .  Therefore,  

t h i s  amino ac id  was a l s o  adminis tered.  The present  paper p re sen t s  the sum of 

t h e s e  f ind ings  and d i s c u s s e s  t h e i r  r e l a t i o n s h i p  t o  the therapy of Parkinsonism. 

MATERIALS AND METHODS 

Seventeen p a t i e n t s  w i th  Parkinsonism were admitted t o  C l i n i c a l  ma te r i a l :  

t h i s  study. A l l  had been r e f e r r e d  t o  us by t h e i r  physicians,  a f t e r  t reatment  

w i th  s e v e r a l  s tandard an t ipa rk inson ian  medications,  i nc lud ing  two who had been 

subjected tQ cryopallidectomy. A l l  were s tud ied  a s  i n - p a t i e n t s  i n  the  meta- 

b o l i c  wards for s e v e r a l  t o  many months. Some of t h e  Parkinsonians 

had previously p a r t i c i p a t e d  i n  t h e r a p e u t i c  s t u d i e s  of t h e i r  d i s e a s e  (22 ) .  

Three non-Parkinsonians were included a s  c o n t r o l s .  The p a t i e n t s  were made 

aware of t he  na tu re  and consequences, but not o f  the t iming of t h e  regimens. 
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Drugs and dosages: The melanocyte s t imu la t ing  hormone ($-MSH) was 
9 

generously suppl ied by Armour Labora tor ies .  I t s  a c t i v i t y  was 2 x 10 u n i t s  

(Shizume-Lerner) per gm. (10 mg/vial) . It was adminis tered in t ramuscular ly  

i n  two equal  doses dissolved i n  1 m l  of 16% g e l a t i n .  The doses were slowly 

increased but d i d n o t  ezceed 40 mg/day. The per iods  of $-MSH admin i s t r a t ion  

were bracketed by per iods of  i n j e c t i n g  the  g e l a t i n  a s  a placebo twice d a i l y .  

c 

D,L-phenylalanine and D-L-dihydroxyphenylalanine (DOPA) were s tud ied  

because of t h e  g r e a t  expense of t h e  L-compounds. 

t a ined  from t h e  N u t r i t i o n a l  Biochemicals Corporation. 

pink capsules  conta in ing  100, 200 or  500 mg. 

l a c t o s e  served a s  placebo. 

cons t an t  during t h e  eva lua t ion  of both t h e  placebo and t h e  amino ac id .  

I n  a l l  s t u d i e s  these  agents  were s t a r t e d  a t  a small  dose and were 

These amino ac ids  were ob- 

They were made up  i n  

The same capsules  f i l l e d  wi th  

A s  a r u l e ,  t he  t o t a l  number of capsules  was kept 

g radua l ly  increased while  t h e  placebo was s imultaneously decreased. 

Laboratory t e s t s :  A comprehensive b a t t e r y  of t e s t s  s e l e c t e d  t o  d e t e c t  

evidence of drug t o x i c i t y  was c a r r i e d  out a t  va r ious  i n t e r v a l s .  

c r i t ,  hemoglobin, t o t a l  and d i f f e r e n t i a l  leucocyte  counts ,  Coombs t e s t  and 

p l a t e l e t  counts o r i g i n a l l y  performed every two weeks were done twice a week 

a f t e r  abnormal i t ies  f i r s t  became apparent .  

u locy te s  per cubic  mi l l imeter  of blood were ca l cu la t ed  by mul t ip ly ing  t h e  

whi te  blood count by t h e  percentage of segmented and band n e u t r o p h i l s .  

The hemato- 

The t o t a l  p e r i p h e r a l  blood gran- 

Bone 

marrow a s p i r a t e s  c o l l e c t e d  i n  1% EDTA i n  s a l i n e  were examined i n  12  p a t i e n t s .  

They were innnediately smeared and s t a ined  by t h e  Wright-Giemsa method t o  avoid 

degenera t ive  a r t i f a c t s .  D i f f e r e n t i a l  vacuole counts  were made on 500 t o  

800 myeloid c e l l s  of 13 a s p i r a t e s  from 8 p a t i e n t s .  A l l  vacuoles  were counted 

i n  t h i n  a reas  of t he  smears and i n  places  where t h e r e  was minimal l i p i d  de- 

p o s i t  ion.  
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Tes t s  of h e p a t i c  and r e n a l  func t ion  were c a r r i e d  out before  therapy 

and subsequently , a t  two week i n t e r v a l s .  The l i v e r  func t ion  st .udies included 

serum p r o t e i n  determinat.ion wi th  A / G  r a t i o ,  serum e l e c t r o p h o r e s i s ,  serum 

a l k a l i n e  phosphatsse, b r l i r u b i n ,  c h o l e s t e r o l ,  cephal in  f l o c c u l a t i o n ,  SGOT 

and t h e  bromsulphthalein t e s t .  

c r e a t i n i n e  clearance,  urea clearance,  determinat ion of 24 hour u r i n a r y  pro- 

t e i n  and occasional  phosphate c learance.  

manganese (23, 24) serum copper and serum iron,were obtained i n  most cases .  

Blood glucose,  serum e l e c t r o l y t e s ,  serum calcium, phosphorus, u r i c  ac id ,  pro- 

t e i n  bound iodine and u r i n a r y  5-dydtoxyindoleacetic ac id ,  FeCI3 t e s t  f o r  in -  

d o l e s  and 24 hour u r i n a r y  glucose by glucose oxidase and Benedict ' s  r e a c t i o n  

were determined i n t e r m i t t a n t l y .  Serum amino ac id  analyses  before  and during 

phenylalanine and dihydroxyphenylalanine admin i s t r a t ion  a r e  i n  progress .  

@ 

The kidney funct ion tes t s  included u r i n a n a l y s i s ,  

Weekly analyses  of whole blood 

C l i n i c a l  eva lua t ion :  Semidaily . v i s i t s  and p e r i o d i c  physical  examin- 

a t i o n s  were conducted i n  a l l  i n s t ances .  

r equ i r ed  t o  walk 10 meters and t h e  observed f a c i l i t y  t o  s i t  down or stand up, 

t o  pick up an o b j e c t  from t h e  f l o o r  and t o  draw a s t r a i g h t  l i n e  were t e s t e d  

p e r i o d i c a l l y .  Cog-wheel phenomenon, r i g i d i t y ,  tremor,  f e s t i n a t i o n ,  dysar-  

t h r i a ,  s a l i v a t i o n ,  muscle s t r e n g t h  and mental s t a t e  were evaluated r e g u l a r l y ,  

wh i l e  on placebo and while  on t h e  compounds t e s t e d .  

Handwriting, t h e  number of s t e p s  

Cinematographic r eco rds  

were obtained both before  and dur.ing therapy i n  s e v e r a l  i n s t a n c e s .  

RESULTS 

C l i n i c a l :  A s  i s  shown on Table I, the melanocyte s t i m u l a t i n g  hormone 

Other d r u g s  had been withdrawn i n  f i v e  of (f3-MSH) was given t o  s i x  p a t i e n t s .  

t hese  and the  n e u r o l o g i c a l  man i fe s t a t ions  had reached a p l a t e a u .  

p a t i e n t  (#6)  t h i s  was impossible due t o  emergence of dysphagia. A l l  p a t i e n t s  

I n  the  o the r  
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developed i n i t i a l l y  abdominal cramps and d i a r rhea  which disappeared a f t e r  a 

few.days i n  a l l  but one individua.1. I n  the l a t t e r  p a t i e n t  (114) t he  hormone 

was stopped. Increased pigmentation o f  t h e  s k i n  g radua l ly  developed, most 

no t i ceab ly  over t h e  arms a n d  f ace .  - -  - 
The progressive increments of the hormone induced an inc rease  i n  Park- 

i n son ian  man i fe s t a t ions :  tremor appeared or became aggravated while muscular 

s t r e n g t h ,  p o s t u r e , , g a i t  and a s soc ia t ed  movements became f u r t h e r  impaired. 

S a l i v a t i o n  emerged i n  one case,  but i n  none was r i g i d i t y  changed t o  an appre- 

c i a b l e  degree. 

I n  the repeated t r i a l s  of D,L-DOPA eight*of the  s i x t e e n  p a t i e n t s  

showed e i t h e r  complete sus t a ined  disappearance o r  marked ame l io ra t ion  of 

t h e i r  i n d i v i d u a l  man i fe s t a t ions  of parkinsonism. These included tremor, cog- 

wheel phenomenon, r i g i d i t y ,  loss of a s soc ia t ed  movements, muscular weakness, 

f e s t i n a t i o n ,  s a l i v a t i o n  and l o s s  of f a c i a l  expression.  

improvement was p o s s i b l y  a func t ion  of t he  body mass (Table I ) .  A s  t he  dose of 

D,T..-DOPA was g radua l ly  increased the  improvement was f i rs t  noted i n  t h e  r i g i d i t y  

and only a t  higher  l e v e l s  was t h e r e  a decrease o r  disappearance of tremor. The 

The dose required f o r  

decrease i n  tremor was r e f l e c t e d  i n  the  electrocardiograms taken under i d e n t i c a l  

cond i t ions  before  and during therapy wi th  D,L -DOPA. 

handwriting of o n e p a t i e n t  i s  shown i n  Fig. 1. I n  another  p a t i e n t  (#/9), 

mental confusion a s soc ia t ed  w i t h  g a r r u l i t y  was markedly improved on t h i s  drug. 

This  was p a r t i c u l a r l y  s t r i k i n g  because every standard an t ipa rk inson ian  agent 

t r i e d  by r e v e r a l  physicians had e i t h e r  aggravated t h i s  p a t i e n t ' s  mental 

confusion -or had induced v i s u a l  and aud i to ry  h a l l u c i n a t i o n s .  

The improvement i n  the  

Simultaneously 

* Case Nos. 1, 6, 7, 8, 9, 10, 16,  1 7  
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with motor improvement and disappearance of tremor, another  p a t i e n t  (#7) 

developed euphoria a s soc ia t ed  with exaggerated f a c i a l  expres s ion  and g e s t i c u -  

l a t i o n  when t a l k i n g .  These man i fe s t a t ions  disappeared whenever the  D,L-DOPA 

was discont inued an_i the-fell syndrome re-emerged. 

I n  p a t i e n t  f 6 ,  DOPA con t ro l l ed  dysphagia, tremor and weakness, none of 

which had been s i g n i f i c a n t l y  a f f e c t e d  by f u l l  doses of Artane, Pa r s ido l ,  

Phenergan o r  Cogentin. I n t e r m i t t a n t  a t h e t o i d  movements of t h e  tongue were seen 

i n  t h i s  l a t t e r  case only while  on DOPA. 

ex t r emi t i e s ,were  exh ib i t ed  a l s o  by p a t i e n t  #17. 

Moderate a t h e t o i d  movements of a l l  fou r  

P a t i e n t s  # lo  and #16 had been 

subjected e a r l i e r  t o  cryopallidectomy elsewhere.  Euphoria .was not  a common 

f ind ing ,  but the seda t ion  and “ d r u g g e d ~ ~  sensa t ion  a s soc ia t ed  wi th  most a n t i -  

parkinson therapy was no tab ly  absent .  I n  two ins t ances  (#Z and 1/11) although 

sus t a ined  improvement was induced by DOPA, t h e r e  remained s i g n i f i c a n t  degress  of 

e i t h e r  tremor o r  r i g i d i t y .  By sha rp  c o n t r a s t ,  fou r  i n d i v i d u a l s  (#3, #4,  8 1 2  and 

. 

‘V15) wi th  e a r l y  u n i l a t e r a l  d i sease  remained e s s e n t i a l l y  unimproved. P a t i e n t  813 - 

became pale ,  a p a t h e t i c  and immobile on two t r i a l s  and was t h e r e f o r e  no t  continued 

on DOPA. I n  one (#14) i n t e r c u r r e n t  f eve r  caused us t o  s t o p  the drug. The c o n t r o l  

p a t i e n t s  (Q18 and #19) showed no d i s c e r n i b l e  mental o r  phys i ca l  consequence d u r -  

i ng  a d m i n i s t r a t i o n  of D,L-DOPA. 

w i t h  Parkinson’s d i s e a s e  and only when the  t h e r a p e u t i c  e f f e c t  was 

Athetoid movements were observed only i n  p a t i e n t s  

impressive.  

Eight o f  t h e  s i x t e e n  Parkinsonian p a t i e n t s  who had received D,L Dihydroxy- 

phenylalanine (M)PA) were subsequently given i t s  precursor  compound D, L-Phenyl- 

a l an ine .  By c o n t r a s t ,  none of t h e s e  e i g h t  patient’s displayed any d i s c e r n i b l e  

improvement i n  t h e i r  Parkinson‘s  d i s e a s e  on D,L-Phenylalanine and t h e  ma jo r i ty  

were adve r se ly  a f f e c t e d ,  P a t i e n t  #l received 4 gms of D,L-Phenylalanine a t  t he  

I t 1 9 9 3 0  
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time she was enjoying marked improvement from D,L-DOPA. While on t h i s  com- 

b i n a t i o n  she developed tremor, r i g i d i t y ,  weakness and drowsiness SO t h a t  t h e  

phenylalanine was discont inued.  Gradual r eadmin i s t r a t ion  of t h i s  amino ac id  

when she w a s  not r e i v i -  WPA induced only a moderate aggravat ion of he r  c l i n -  
f 

i c a l  man i fe s t a t ions ,  even a t  a dose l e v e l  of 1 2 . 6  gms per day. By c o n t r a s t  she was 

under sus t a ined  f u l l  c o n t r o l  of he r  d i sease  with 4.0 gm of DOPA per  day. Among 

t h e  remaining seven p a t i e n t s  one (Sll) developed ak ines i a  f o r  the f i r s t  time 

a f t e r  r ece iv ing  phenylalanine,  one (4114) showed no s i g n i f i c a n t  changes, and t h e  

remainder developed minimal t o  moderate aggravat ion of t h e i r  r i g i d i t y  and tremor. 

Two c o n t r o l  p a t i e n t s ,  one wi th  congen i t a l  hydrocephalus (4119) and t h e  o t h e r  w i t h  

rheumatoid a r t h r i t i s  (#20) received r e s p e c t i v e l y  4.8 and 8.0 gms of D,L-phenylalanine 

d a i l y  f o r  about one week without phys i ca l  o r  mental changes. 

Toxicological :  Nausea, f a i n t n e s s  and occasional  vomiting d i d  occur 

during DOPA admin i s t r a t ion ,  but only wi th  increments l a r g e r  t han  0.5 gm/dose. 

These symptoms were t r a n s i t o r y  a s  a r u l e  and were not encountered w i t h  increments 

of l e s s  than 0.2 gm/dose. 

- 

The hematological changes a r e  discussed below. 

Laboratory d a t a :  The Parkinsonian p a t i e n t s  g e n e r a l l y  had low serum 

phosphorus concen t r a t ions  which were unaffected by the  drugs used i n  t h i s  study. 

The mean and s tandard d e v i a t i o n  of 200 serum phosphorus determinat ions on t h e s e  

p a t i e n t s  was 3.0 

Tausaky & Shorr method). 

u r i n a r y  phorphorus were a l l  normal and unaffected by these drugs. 

0.5 mgx'with a range of 1.8 t o  4.1 (normal = 3.0 - 4.5 mg% 

The Serum calcium, a l k a l i n e  phosphatase and 24 hour 

I n  two p a t i e n t s ,  who were on long term therapy with D,L-DOPA, the blood 

manganese l e v e l  decreased a s  shown i n  Figure 2 .  The lower p l a t e a u  was reached 

i n  both cases  a f t e r  a per iod of DOPA admin i s t r a t ion  approximating t h e  l i f e  span 

of t he  e ry th rocy te .  
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The remainder of t he  1abora.tory examinations were con t r ibu to ry  only 

i n  t h a t  the u r i n e s  of p a t i e n t s  on DOPA became black oh standing and showed 

p o s i t i v e  Bened ic t ' s  but negat ive glucose oxidase r e a c t i o n .  

Four in s t ances&ase  Nos. 1, 4 ,  6, 7) of  granulocytopenia developed 
_- 

during the course of t reatment  of 16 p a t i e n t s  with D,L-DOPA. Two episodes 

were rapid and 2 g radua l ;  t he  l a t t e r  occurr ing over s e v e r a l  months. The t o t a l  

granulocytes  decreased t o  1800 t o  2300/mm and rose t o  normal, o r  near normal, 3 

between 1 week and 6 months a f t e r  c e s s a t i o n  of DOPA. There was no d i rec t  cor-  

r e l a t i o n  between d u r a t i o n  of t reatment  o r  t o t a l  dose of D,L-DOPA adminis tered,  

a l though a l l  i n s t a n c e s  occurred a f t e r  more than 200 grams of D,L-DOPA had been 

consumed. There was no d i r e c t  evidence of a s e n s i t i z a t i o n  type of r e a c t i o n .  

Occasional a t y p i c a l  lymphomonocytoid c e l l s  were seen i n  the  p e r i p h e r a l  blood 

of D,L-DOPA t r e a t e d  p a t i e n t s ,  e s p e c i a l l y  i n  those who developed granulocytopenia.  . 

Q u a n t i t a t i v e  and d i f f e r e n t i a l  counting of vacuoles i n  c e l l s  of t h e  

myeloid s e r i e s  confirmed t h e  f i r s t  impressions t h a t  they were increased i n  num- - 

b e r s  i n  bone marrows of p a t i e n t s  t r e a t e d  wi th  D,L-DOPA. The vacuoles  were mostly 

cytoplasmic,  a l though some ove r l ay  n u c l e i ,  and were increased i n  number i n  the  

more immature forms of t h e  myeloid s e r i e s  (Fig. 3 ) .  The number of vacuoles  pe r  

c e l l  were a l s o  increased i n  b l a s t s ,  promyelocytes and myelocytes i n  4 p a t i e n t s  

who were r ece iv ing ,  o r  had r e c e n t l y  received,  D,L-DOPA. Two of t hese  p a t i e n t s  

had concomitant granulocytopenia and one had previously been granulocytopenic.  

Only occas iona l  vacuoles  were seen i n  e r y t h r o i d  c e l l s  and these  were not  quan- 

t i f i e d .  

I 
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DI S CUS SI ON 

The sus t a ined  b e n e f i c i a l  e f f e c t s  of DOPA reported here  a r e  i n  sharp 

c o n t r a s t  t o  some p r e v i o u s ' r e p o r t s  (15, LQ, 18). 'This d i f f e rence  can be a sc r ibed  

t o  the  l a r g e r ,  s u s h i n e d a o s e s  used during the  present i n v e s t i g a t i o n .  While 

small  doses of DOPA can reduce r i g i d i t y ,  the l a r g e r  amounts used here  a r e  neces- 

s a r y  t o  e l imina te  both r i g i d i t y  and tremor. 

were obtained i n  p a t i e n t s  who had advanced d i sease  f o r  which they had been sub- 

j ec t ed  t o  i n t e n s i v e  convent ional  medical o r  s u r g i c a l  therapy p r i o r  t o  t h i s  s tudy .  

The fou r  p a t i e n t s  who d i d  not respond s i g n i f i c a n t l y  t o  the  f u l l  regimen exh ib i t ed  

r e l a t i v e l y  m i l d  u n i l a t e r a l  Parkinson 's  d i sease .  

I: 

Some of t he  most s t r i k i n g  r e s u l t s  

The mechanisms by which t h e  above e f f e c t s  were brought about remain 

obscure. The f i n d i n g  of decreased concen t r a t ions  of dopamine i n  the  b r a i n  i n  

Parkinson 's  d i sease  might have some bearing on the improvement noted i n  our 

p a t i e n t s .  L-DOPA passes  through t h e  blood-brain b a r r i e r  leading t o  an inc rease  

i n  dopamine concen t r a t ion  i n  t h e  b r a i n .  I t  i s  of i n t e r e s t  t h a t  t he  onset  of 

improvement when s u f f i c i e n t  DOPA was given was rapid (2-3 hours ) ,  while t he  rees- 

tabl ishment  of t h e  base - l ine  s t a t e  a f t e r  a b r u p t l y  terminat ing t h e  drug, follow- 

ing prolonged therapy,  was much longer  (4-14 days).  

may w e l l  have some e f f e c t  on t h e  catecholamine s to rage  granules  which have been 

descr ibed (25) i n  c e r t a i n  neuron c e l l s .  I f  increased dopamine was t h e  only 

mechanism by which improvement w a s  .brought about,  one would expect e f f e c t s  i n  

the  same d i r e c t i o n  t o  follow t h e  admin i s t r a t ion  of an e a r l i e r  p recu r so r ,  phenyl- 

Long term therapy with DOPA 

a l a n i n e .  This  was c e r t a i n l y  not  t h e  case.  Since the conversion of phenylalanine 

t o  DOPA r e q u i r e s  hydroxylat ion,  i t  i s  p l a u s i b l e  t o  suggest t h a t  d e f e c t i v e  hydroxy- 

l a t i o n  of  t h i s  o r  o t h e r  aromatic amino a c i d s  might emerge a s  a biochemical e r r o r  

i n  t h i s  d i sease .  

I 1  1 9 9 3 3  
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The mechanisms by which a t h e t o i d  movements were induced have not 

been e l u c i d a t e d .  These movements were observed only i n  p a t i e n t s  with Parkin- 

s o n ' s  d i sease  and only when the t h e r a p e u t i c  e f f e c t  o f  DOPA was marked. 
@ 

The .mode o f - a d i m  of B-MSH i n  aggravat ing the  Parkinsonian s t a t e  i s  

a l s o  not c l e a r .  The s t i m u l a t i o n  of t he  s k i n  melanocytes was d e f i n i t e  and t h i s  

could have r e s u l t e d  i n  a decrease of a v a i l a b l e  DOPA f o r  b r a i n  metabolism. 

Chlorpromazine has a l s o  been r epor t ed  t o  inc rease  s k i n  pigmentation (26) a s  

w e l l  a s  produce extrapyramidal  symptoms (17) .  Although t h i s  exp lana t ion  re- 

mained specu la t ive ,  no f u r t h e r  e f f o r t  was made t o  s u b s t a n t i a t e  i t  i n  view of 

t he  p a t i e n t s '  d iscomfort .  

The diminut ion of t h e  concen t r a t ion  of whole blood manganese might be 

worthy of comment. The time which elapsed u n t i l  a new p la t eau  w a s  reached 

fol lowing a d m i n i s t r a t i o n  of DOPA had approximated the l i f e  span of one gener- 

a t i o n  of e ry th rocy te s .  This w a s  compatible wi th  two e a r l i e r  demonstrations:  

1) That manganese becomes incorporated i n  a manganoporphyrin of human e r y t h r o -  

c y t e s  ( 2 7 ) ;  2) That t he  exac t  enantiogram of Figure 2. was obtained a f t e r  feeding 

excess ive  but s t eady  amounts of manganese (Ref. 2 4 ,  Fig. 2 ) .  Many amino a c i d s  

have s i g n i f i c a n t  c h e l a t i n g  p r o p e r t i e s  and a r e  a b l e  t o  f a c i l i t a t e  metal  t r a n s p o r t  

i n t o  ce l l s  (28) .  The decrease i n  blood manganese could r e s u l t  from t h e  r e d i s -  

t r i b u t i o n  of t h i s  metal  by DOPA. Fur the r  i n v e s t i g a t i o n s  of t h i s  hypothesis  a r e  

planned. Other e s s e n t i a l  metals  have been implicated i n  t h e  Parkinsonian syn- 

drome (29) as w e l l  a s  i n  t h e  metabolism of some biogenic  amines (30, 31). The 

low serum phosphorus l e v e l s  encountered he re ,  coupled wi th  t h e  normal calcium 

l e v e l s ,  i n d i c a t e  t h a t  not only manganese but a l s o  magnesium must  be s tudied i n  

the present  c o n t e x t ,  

I 1  1 9 4 3 4  



! 
-. 1 

I 

.;'i 

11. 

Adminis t ra t ion of D,L-WPA r e s u l t e d  i n  granulocytopenia i n  a s i z e a b l e  

percentage of t he  p a t i e n t s  s tud ied .  I n  no in s t ance  d i d  i n f e c t i o n  occur and 

a l l  episodes of granulocytopenia were reversed.  I n  3 of the p a t i e n t s  t h e  d r u g  

was stopped, and - iq  t h e f o u r t h ,  granulocytes  rose d e s p i t e  continued therapy.  

Noted i n  a s s o c i a t i o n  wi th  t h e  granulocytopenia was extensive v a c u o l i z a t i o n  of 

immature c e l l s  of t he  myeloid s e r i e s .  Although t h e r e  i s  no d i r e c t  evidence 

l i n k i n g  t h e  two f ind ings ,  i t  i s  p l a u s i b l e  t o  assume t h a t  they a r e  r e l a t e d .  

vacuoles  seen i n  t h e  bone marrow elements a r e  s i m i l a r  t o  those noted i n  t h e  

The 

e r y t h r o i d  and myeloid c e l l s  of p a t i e n t s  w i th  phenylalanine de f i c i ency  (19) and 

chloramphenicol-induced e r y t h r o i d  suppression (20) . 
The sum of the evidence presented i n d i c a t e s  t h a t  DOPA i s  an e f f e c t i v e  

agent f o r  c e r t a i n  cases  of Parkinsonism, worthy of f u r t h e r  i n v e s t i g a t i o n .  

hematological complicat ions were r e l a t i v e l y  m i l d  s ince  they cons i s t ed  of only 

The 

3 

a m i l d  granuloci topenia  and morphologic changes i n  t h e  bone marrow. 

c a u t i o n  must be exe rc i sed  i n  s tudying D,L-DOPA. A s i m i l a r  long t e r m  study wi th  - 

L-DOPA seems h i g h l y  warranted a s  soon a s  i t  becomes economically f e a s i b l e .  

S t i l l ,  

SUMMARY 

Some compounds were s e l e c t e d  f o r  study because of t h e i r  poss ib l e  e f -  

f e c t s  on abnormal melanogenesis and catacholamine metabolism which occur i n  

Parkinson 's  d i s e a s e .  These compounds included melanocyte s t i m u l a t i n g  hormone 

(@-MSH) , D,L-Phenylalanine and D,L-Dihydroxyphenylalanine (DOPA) . 
B-EESH (20-40 mg), given intramuscular ly  . to 6 p a t i e n t s ,  r e s u l t e d  i n  an 

aggravat ion of t h e i r  tremor but no s i g n i f i c a n t  e f f e c t  on t h e i r  r i g i d i t y .  

D,L-Phenylalanine (1.6-12.6 gm) exacerbated both tremor and r i g i d i t y  i n  7 out 

of 8 p a t i e n t s  w i th  Parkinson 's  d i s e a s e .  

Oral 
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O f  t he  1 6  Parkinsonian p a t i e n t s  r ece iv ing  D,L-DOPA (3-16 gm/day o r a l l y ) ,  

8 showed e i t h e r  complete o r  marked sustained improvement of s e v e r a l  i nd iv idua l  

man i fe s t a t ions  of  Parkinsonism. R i g i d i t y  decreased or  disappeared a t  r e l a t i v e l y  

lower doses.whereas only-at higher  l e v e l s  of DOPA was the re  a decrease o r  d i s -  

appearance of tremor. Two a d d i t i o n a l  p a t i e n t s  were a l s o  improved but t o  a 

l e s s e r  degree by t h i s  amino ac id .  A s i g n i f i c a n t  s i d e  e f f e c t  following adminis- 

t 

t r a t i o n  of D,L-DOPA was a t r a n s i e n t  granulocytopenia encountered i n  four  cases .  

Th i s  was a s soc ia t ed  w.ith ex tens ive  vacuo l i za t ion  of t he  more immature c e l l s  i n  

the  myeloid s e r i e s  of t he  bone marrow. 

induc t ion  of a t h e t o i d  movements, which was observed thus f a r  only i n  p a t i e n t s  

w i t h  Parkinson 's  d i s e a s e  and only when the t h e r a p e u t i c  e f f e c t  was s i g n i f i c a n t .  

Another s i d e  e f f e c t  was t h e  r e v e r s i b l e  

Although D,L-DOPA emerged a s  an e f f e c t i v e  t h e r a p e u t i c  agent ,  t h e  hemat- 

o l o g i c a l  complicat ions i n d i c a t e  t h a t  cau t ion  must  be exercised i n  f u r t h e r  s t u d i e s  

of t h i s  compound. 
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LEGEND TO TABLE I 

,f- '. 

MSH f3-MSH melanocyte s t imulat  ing hormone 
c - -  

. DOPA D,L-Dihydroxyphenylalanine 

Phenyl. D-L-Phenylalanine 

* Inadequate  t r i a l  because of  fever .  

4 Cryopa 1 li d e  ctomy 

The response t o  DOPA was scored a s :  

0 No improvement 

+ > l o %  improvement i n  performance 

ff 20-40% improvement i n  performance 

f+t 40-60% improvement i n  performance 

t+H- > 60% improvement i n  performance 



TABLE I 
Length of No. of 
Therapy T i m e s  on Maximum dose Tota l  Duration of 

Case # Age - Sex I l l n e s s  (yr) mug (days) Placebo grams mg/kg A m t  (grams) 

PARKINSONIANS 
c MSH 110 4 0.025 - -  DOPA 10 7 5 6.0 1 1 9  2 82 SCH 

1 55 F 32 - 
Phenyl 50 1 12.6 

2 63 F 2 MSH 68 1 0.040 
DOPA 34 2 3.0 72 57 i-t 

DOPA 10 8 2 10.0 93 0 
Phenyl 7 1 11.2 

DOPA 44 2 10.0 128 228  0 

3 42 M 1 112 MSH 24 2 0.035 

4 57 M 3 MSH 1 2  2 0.035 . 

5 72 F 10 MSH 64 1 0.020 

6 62 M 11 MSH 120 4 0.035 
DOPA 34 7 7 16.0 222 3892 * 

Pheny 1 6 1 12.0 
7 DOPA 251 3 9.0 1 2 2  1610 +tt-k 7 61 M 

8 60 F 13  DOPA 133 3 12.0 235 577 i+t 

9 60 M 8 DOPA 163 3 12.0 195 1282 CCH 

Phenyl 12 2 8.0 

Phenyl 1 1 1.6 

5 1 1 2  DOPA 82 3 16.0 2 24 687 +++ 

6 DOPA 45 2 12.0 259 3 30 * 
10 4 62 M 

11 69 F 
~ ~~ ~~ ~ 

33 3 14.0 155 239 0 1 2  43 M 1 DOPA 
Phenyl 4 0 4.0 

13 62 M 15 DOPA 10 1 8.0 122 47 0 

24 10 * 14 73 F 3 DOPA 23 6 1.5 
Pheny 1 4 0 5.0 - 

15 59 M 1 1 / 2  DOPA 38 2 9.5 125 177.4 0 

16 65 M 9 DOPA 142 k 2 12.0 165 1109 * 
54 F 6 DOPA 63 ' 2  1 2  .o 2 16 438.3 i+tt 1 7  

CONTROLS 
18 80 F DO PA 44 0 4.0 51 115 

19 44 F DOPA 16 0 8.0 188 91 
Pheny 1 7 0 4.8 

20 50 M Phenyl 5 0 4 .O 



LEGENDS TO FIGURES 

FIGURE 1 Handwriting of p a t i e n t  #1 bhfore (A) and during (B) 

t he r spy  with DOPA. 

and diminution of tremor. 

Note inc rease  i n  s i z e  of l e t t e r s  
_- 

FIGURE 2 Blood manganese concentrat ions o f  p a t i e n t s  #6 and # 7  

a s  determined by neutron a c t i v a t i o n  a n a l y s i s .  

t h a t  t h e  drop i n  concentrat ion became complete a f t e r  

t h e  e l a p s e  of about 130 days. 

Note 

FTGURE 3 Photomicrograph of bone marrow smear of p a t i e n t  #7 

showing l a rge  vacuole i n  e o s i n o p h i l i c  myelocyte 

(upper l e f t ) ,  4 vacuoles i n  myelocyte ( c e n t e r ) ,  and 

3 vacuoles  i n  metamyelocyte (lower r i g h t ) .  
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FIGURE 3 


