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Studies with 51Cr-tagged red cells belonging to G6PD-deficient subjects, transfused into normal recipients receiving L-DOPA, Primaquine, DDS 

Donor Sex G6PD Recipient Sex Drug Dose Days of 51Cr T/2 before 91Cr T/2 after 
U/min/g/Hb ( m g )  administra- drug administra- drug admini- 

tion tion (days) stration (days) 

C.A. c~ 0.00 R.A. ~ DOPA 50 7 20 20 
50 7 

C.A. ~ DOPA 75 6 21 21 
O.A. ~ Primaquine 45 1 18 6 

B.M. ~ 0.00 S.G. ~ DOPA 100 9 20 20 
B.S. ~ DOPA 100 9 18 18 
S.R. ~ DDS 50 9 19 8 

adminis te r  it  to G6PD-def ic ien t  pa t i en t s  wi th  neurological  
diseases. This m a y  occur in areas wi th  high incidence of 
the  enzymat ic  defect  of the  red cells4, 5. 

The t ransfus ion  of ~lCr-labelled G6PD-def ic ien t  red 
cells into normal  subjec ts  who then  receive p r imaqu ine  
or o ther  ox ida t ing  subs tances  cons t i tu tes  a valuable  and  
wel l -es tabl ished m e t h o d  in order  to t e s t  the  haemoly t i c  
effect  of drugs 6,~ on G6PD-def ic ien t  red cells. This 
me thod  has  been uti l ized in an a t t e m p t  to  s tudy  the  pos- 
sible haemoly t i c  effects of L-DOPA on G6PD-def ic ien t  
red cells. 

51Cr-tagged, G6PD-def ic ien t  red cells belonging to  2 
Sardinian male pat ients ,  one of w h o m  had  a pas t  
h i s to ry  of favism, were t rans fused  into 4 normal  rec ipients  
wi th  compat ib le  bIood groups. After  the  basel ine assess- 
m e n t  of the  5~Cr half  t ime,  the  4 subjects  received, in a 
fast ing state,  daily in t r avenous  infusions of physiological  
saline conta in ing  50, 75, or 100 mg of L-DOPA (Hoffmann-  
La Roche s) for per iods  ranging  f rom 7-13 days.  The in- 
fusion ra te  was of 1.6, 2.5, 3.3 mg /min  respect ively.  No 
changes  in the  slope of blood rad ioac t iv i ty  could be ob- 
served af ter  the  admin i s t r a t ion  of L-DOPA (Table). The 
51Cr-tagged red  cells belonging to the  same two G6PD-  
def icient  donors,  t r ans fused  into normal  recipients  who 
received the rea f t e r  p r imaqu ine  or d iaminodiphenyl -  
sulfone (DDS), were rap id ly  des t royed.  

In  the  s tudy  out l ined above, the  in vivo use of L-DOPA 
in quant i t ies  r e c o m m e n d e d  for the  t r e a t m e n t  of Park in-  
son 's  disease does no t  impai r  the  normal  survival  of 
G6PD-def ic ien t  red cells. I t  should be noted,  however ,  
t h a t  L-DOPA migh t  possibly undergo  a di f ferent  me ta -  
bolic b r eakdown  in subjects  affected by  favism 9. 

Riassunto. Eri t roc i t i  G6PD deficienti ,  marca t i  con 
C r  51, sono s ta t i  t rasfusi  in sogget t i  normal i  cui ven ivano  

sommin i s t r a t e  g iorna lmente  dosi di L-DOPA per  via  
venosa.  La L-DOPA viene usa ta  per  la t e rap ia  del morbo  
di Parkinson,  e causa in v i t ro  una  pe rd i t a  di G S H  dagl i  
er i t roci t i  G6PD deficienti .  Non  si sono osservate  modifi-  
cazioni nella curve della rad ioa t t iv i t~  emat ica  come con- 
seguenza della somminis t raz ione  della L-DOPA. Si con- 
clude p e r t a n t o  che ta le  Iarmaco non ha  effe t t i  emol izzant i  
sugli er i t roci t i  con carenza  enz imat ica  di G6PD. 
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Plate le t  P r o t e i n  S y n t h e s i s  S tudied  in a Ce l l -Free  

The abi l i ty  of circulat ing blood pla te le ts  to synthes ize  
prote ins  has been  well es tabl ished 1,2. Since p la te le ts  do 
no t  conta in  D N A  3 it is to  be expec ted  t h a t  the  presence 
in t h e m  of a funct ioning  messenger  R N A  m a y  be l imi ted  
in t ime  resul t ing in a progressive decrease of p ro te in  
synthes is  in aging platelets .  This indeed could be shown 
by  compar ing  the  ra te  of pro te in  synthes is  in popula t ions  
of p la te le ts  of va ry ing  age4. 

Thrombos then in ,  a contract i le ,  ac tomyosin- l ike  p ro te in  
is a b u n d a n t  in blood pla te le ts  5,~. I t  is also the  p ro te in  
t h a t  is mos t  ac t ively  synthes ized  by  the  circulat ing 

S y s t e m  

plate le ts  ~. There  exist  differences of chemical  and bio- 
physical  na tu re  be tween  t h r o m b o s t h e n i n  of p la te le ts  and  
ac tomyos in  of o ther  cellular origin s. Al though  its exact  
func t ion  still remains  to  be elucidated,  t he  occurrence of 
a contract i le  prote in  in pla te le ts  m a y  be of special signifi- 
cance for the i r  hemos ta t i c  funct ion.  

Polysomes,  the  visible evidence for ac t ive  p ro te in  syn- 
thesis  in cells, have  never  been  unequivocal ly  demon-  
s t ra ted  in pla te le ts  by  e lec t ronmieroscopy while single 
r ibosomes have.  In  the  p resen t  invest igat ion,  these  
necessary  t empla t e s  for p ro te in  synthes is  were indeed 
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shown to  exist  in these cells since t h e y  were isolated f rom 
h u m a n  pla te le ts  and the i r  ac t iv i ty  was s tudied  in a cell- 
free sys tem.  Fur the rmore ,  evidence is p resen ted  for the  
individual  synthes is  of actii1- and myosin- l ike  prote ins  
by monocis t ronic  messenger  R N A ' s  similar  to  the i r  syn-  
thesis in skeletal  muscle  ceils. 

P la te le t s  were isolated f rom 1500-5000 ml of fresh 
h u m a n  blood collected wi th  ACD ant icoagulant .  Red  
and whi te  cell con t amina t i on  was v i r tua l ly  e l iminated  by  
repea ted  dif ferent ia l  cent r i fngat ions .  Con tamina t ion  by  
red cells was kept  below 1 per  15,000 and for whi te  cells, 
1 per  45,000 platelets .  P la te le t s  were lysed wi th  digi tonin  
(0.1%) s and  a microsomal  f rac t ion was p repa red  which 
had  an opt ical  absorbance  ra t io  a t  the  wave  lengths  
260/280 va ry ing  be tween  1.2 and  1.3. This rat io increased 
to 1.5-1.7 following t r e a t m e n t  of the  microsomal  sus- 
pension wi th  deoxycho la te  ind ica t ing  t h a t  some of the  
r ibosomes were m e m b r a n e - b o u n d  in the  platelets .  The 
microsomal  ex t r ac t  was then  f rac t iona ted  by  sucrose 
grad ien t  cent r i fugat ion .  A character is t ic  d i s t r ibu t ion  of 
peaks  could be ob ta ined  (Figure 1). There  were two classes 
of large, rap id ly  sed iment ing  par t ic les  la ter  shown to be 
polysomes.  The sed imen ta t ion  coefficients of these  two 
types  of po ly r ibosomes  were abou t  650 S and  340 S 
respect ively .  Assuming  a degree of messenger  loading 
similar  to t h a t  observed in hemoglobin  synthes is  9 the  
larger class of polysomes,  class A, was e s t ima ted  to con- 
ta in  50-60 r ibosomes whereas  t he  smaller  one, class B, 
consis ted  of 15-20 r ibosomes.  There  was a ve ry  large 
peak  of 75 S r ibosomes which  agrees well wi th  t he  
e lec t ronmicroscopic  f inding of a re la t ive  abundance  of 
such single r ibosomes in platelets .  The recovery  of these  
two  species of po lysomes  was s ignif icant ly  enhanced  by  
ex t rac t ing  and  separa t ing  pla te le t  microsomes  at  h igh 
salt  concen t ra t ions  (0 .25M KC1). I t  has  been shown by  
HEYWOOD et al.~~ t h a t  polysomes  f rom embryonic  skeletal  
muscle  ceils coprec ip i ta te  wi th  myos in  a t  low salt  con- 
cen t ra t ions  and  th is  can be p r even t ed  by increasing the  
ionic s t r eng th  of the  ex t r ac t ing  solution. 

Microsomes isolated f rom pIatelets  showed a smal l  bu t  
s ignif icant  incorpora t ion  of ~4C-amino acids into acid- 
prec ip i tab le  mate r ia l  in a cell-free sys tem (Table). Puro-  
myc in  was an effect ive inh ib i to r  of th is  incorporat ion.  
Various  f ract ions  of the  microsomal  suspension separa ted  
by  cen t r i fuga t ion  were t e s t ed  for the i r  abi l i ty  to  car ry  out  
p ro te in  syn thes i s  in a cell-free sys tem.  Frac t ions  A and B 
were the  mos t  ac t ive  in incorpora t ing  ~4C-amino acids into 
ac id-prec ip i table  mater ia l  (Table). These two fract ions 
coincided wi th  the  ident i f iable  peaks  of polysomes  isolated 
from blood platelets .  

In  an effort  to de te rmine  the  na tu re  of the  po lypep t ides  
syn thes ized  by  the  po lysomes  of f ract ions A and  :B, the  
mater ia l  released f rom the  respect ive  messenger  R N A ' s  
was analyzed by  acry lamide  gel e lectrophoresis  in 12M 
urea a t  45~ ~. Two d is t inc t  bands  could be observed  
and were found  to  migra te  ident ical ly  to myos in  and  
ac t in  isolated f rom h u m a n  skeletal  muscle.  These find- 
ings could be conf i rmed and  ex tended  by  subjec t ing  the  
newly  syn thes ized  po lypep t ides  to co lumn ch roma to -  
graphy.  

The p roduc t  of the  cell-free synthes is  of the  polysomes  
of f rac t ion A was dialyzed agains t  5 m M  Tr i s -ma lea te  
buffer,  p H  7.5 conta in ing  5 m M  ATP.  To th is  d ia lysa te  
were added  10 mg na t ive  myosin,  p repa red  similarly, and 
the  mix tu re  was t h e n  appl ied to a D E A E  cellulose 
co lumn and  eluted according to  the  m e t h o d  of ASA114. 
The peak  of r ad ioac t iv i ty  coincided wi th  t ha t  of the  
p ro te in  (de termined by  L o w a u  Method  15) and  thus  
suggested s imilar i ty  of labelled and nonrad ioac t ive  pro- 
te in  species. The po lypep t ides  released by  the  polysomes 

of f ract ion B were dialyzed agains t  1 m M  Tris-HC1 
buffer, p H  7.8 conta in ing  0 . 2 m M  A T P  and 0.2 m M  
ascorbic acid. The d ia lysa te  was  then  appl ied to an acryl-  
amide  gel (P-100) co lumn equi l ibra ted  wi th  T r i s - A T P -  
ascorbate  buffer.  The peak  of r ad ioac t iv i ty  e luted wi th  
an ap p a ren t  molecular  weight  of 58,000 which  is close 
to the  repor ted  molecular  weight  of monomer ic  G-Actin.  
These resul ts  were h ighly  suggest ive bu t  not  conclusive 
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Fig. 1. Sucrose gradient analysis of platelet microsomes treated with 
sodium deoxyeholate. 10 g of platelets (wet weight) were washed 
once with 0.85% NaC1 and then suspended in 25 ml of cold buffer 
(0.25 M KCI, 0.01 M MgCI2, 0.01 M Tris-HC1, pH 7.4). Digitonin was 
added to a final concentration of 0.1% and the suspension allowed 
to stand for 10 rain in the cold. After complete platelet Iysis, verified 
by phase microscopy, the suspension was spun at 15,000 • g for 
20 rain and to the resultant supernatant solution deoxyeholate was 
added (final concentration 0.8%). This post-mitochondrial fraction 
was layered over a discontinuous sucrose gradient s and spun at 
40,000 rpm for 3 h in a Spinco SW-40 rotor. The ribosomal pellets 
were rinsed and suspended in buffer and aIiquots of 0.5 ml each of 
this solution were layered on a 14 ml, 15-40% linear sucrose gradient 
containing the buffer and centrifuged at 24,000 rpm for 120 rain in a 
Spinco SW-40 rotor. Material was collected from 5 gradients and 
corresponding fractions A-E were combined and used for cell-free 
protein synthesis. 
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evidence for the  synthes is  of myosin-  and  actin-l ike pro- 
teins by  the  polysomes  isolated f rom platelets .  I t  was 
necessary  to  utilize an a l te rna t ive  m e t h o d  to iden t i fy  the  
p roduc t s  of cell-free synthesis .  This was accompl ished 
by  adding  small  quant i t ies  of unlabeled na t ive  act in  or 

Characteristics of amino acid incorporation in cell-free system from 
human platelets 

Incubation mixture CPM 

Complete System 525 
- -  Ribosomes 41 
- -pH5 Enzyme Fraction 92 
--ATP and ATP Generating System 10 
+ Puromycin (1 • 10-4M) 84 
+ Ribonuclease (50 vg) 8 

Ribosome Fraction CPM/0.40.D. (260 nm) 
A 1745 
B 434 
C 186 
D 70 
E 21 

One ml of final incubation volume contained 0.15M KC1 - 0.005M 
MgC12 - 0.01M Tris-HC1, pH 7.4, 6 mM 2-mereaptoethanol or 3 mM 
dithiotbreitol, 2 mM ATP, 0.5 mM GTP, 10mM phosphoenol- 
pyruvate, 50 ~g pyruvate kinase, 0.2 mg soluble RNA from calf 
liver, 0.4 mg pH 5 fraction, prepared essentially after the procedure 
of HOAGLAND and ASCONAS 11 from post-mierosomal supernatant of 
platelet lysate, 5 nmoles each of 20 amino acids (containing 0.5 ~xCi 
of a uniformly labeled L-14C-amino acid mixture) and 0.35 mg 
ribosomes. The mixture was incubated at 37~ for 60 rain. Pan- 
creatic ribonuclease, 50 ~xg was then added, the mixture cooled to 
0 ~ and the amino acid incorporation into acid-preeipitable poly- 
peptides determined 1~. Pooled ribosomes from fractions A-E obtained 
by scurose gradient analysis were used in a cell-free amino acid 
incorporating system similar to the one above. 

myos in  to  the  individual  incuba t ion  mix tures  of f ract ions  
A th rough  D followed by  reisolat ion of the  pro te ins  
t h rough  a series of pur i f icat ion steps.  Cont inual  reisolat ion 
of the  na t ive  p ro te in  a t  co n s t an t  specific ac t iv i ty  is 
considered to  be an ind ica t ion  t h a t  a par t icu lar  p ro te in  
var ie ty  has  been  synthes ized  by  the  f rac t ion of polysomes  
used in the  original cell-free incubat ion.  In  the  purif ica-  
t ion of myosin,  f rac t ion A showed tile h ighes t  cons t an t  
specific ac t iv i ty  whereas  f ract ion ]3, and to  a lesser 
degree also C p r e d o m i n a t e d  in the  pur i f icat ion of act in  
(Figure 2). These results  indicate  t h a t  the  added  unlabeled 
carrier p ro te in  has similar  chemical  proper t ies  as the  
newly synthes ized  pro te in  of p la te le t  polysomes.  Al though  
differences in the  ac tomyosin- l ike  pro te in  isolated f rom 
muscle  and blood pla te le ts  have  been  described 6 these  
were l imi ted  to  the  ra tes  of hydrolys is  of A T P  and to 
sl ight  solubil i ty changes.  Complete  chemical  iden t i ty  of 
the  synthes ized  pro te ins  wi th  those  f rom skeletal  muscle, 
however , -c /mnot  be impl ied f rom these  exper imen t s  since 
differences ill the  chemical  s t ruc ture  m a y  exist  t h a t  are 
too small  to  be de tec ted  by  the  pur i f ica t ion procedures  
employed  in th is  s tudy.  

A compar i son  of t he  size of t he  potysomes  in re la t ion 
to t h a t  of the  po lypep t ide  chains  synthes ized  on t h e m  
should give an indica t ion  whe the r  these  prote ins  are 
synthes ized  monocis t ronica l ly  or not.  On tile a s sumpt ion  
t h a t  t he  polysomes isolated f rom pla te le ts  have  similar  
loading character is t ics  of the i r  messenger  R N A ' s  w i th  
r ibosomes as those  act ive  in hemoglobin  synthesis ,  tile 
size of the  po lypep t ide  chains  which  such polysomes  are 
capable  of synthes iz ing  could be expec ted  to  be 170,000 
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Fig. 2. Specific activity of proteins synthesized by various ribosomal fractions (A-D) in a cell-free system. Amino acid incorporating 
system and incubation were as described in legend to Figure 1. At the end of the incubation period pancreatic ribonuelease, 50 ~zg, was 
added to each flask and the mixtures cooled to 0~ 8 mg of native myosin and aetin, prepared from human skeletal muscle 16,1T was 
added to each incubation flask and the proteins were subjected to a series of purification steps TM. Specific activity was measured at 
each step. 
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to  200,000 for the  heavier ,  and 50,000-70,000 for the  
l ighter  po lysome fraction.  A molecular  weigh t  of 200,000 
has been  e s t ima ted  for t he  subuni t  of myos in  by  chemical  
t echniques  xg, 20 and  es t imates  for the  molecular  weigh t  of 
actin21, 22 are in close ag reemen t  w i th  t he  ca lcula ted  
po lypep t ide  chain  size t h a t  po lysomes  of f rac t ion  B 
should be capable  of synthesiz ing.  I t  is t hus  bel ieved 
t h a t  b o t h  myos in  and  act in-l ike p ro te ins  of p la te le ts  are 
synthes ized  monocis t ron ica l ly  23. 

Zusammen/assung.  Zwei Klassen von  Po ly r ibosomen  
wurden  von  mensch l i chen  T h r o m b o z y t e n  isoliert. Diese 
PoIysome syn the t i s i e r t en  myos in-  und  actinS.hnliche 
Pro te ine  in e inem zellfreien System.  Isol ierung und  
Rein igung dieser Eiweissk6rper  zeigten deren  Bi ldung in 
einer na t iven  F o r m  an. Analyse  der  po lysomalen  Gr6sse 

indizier te  die Syn these  dieser Pro te ine  an monocys t ro -  
n ischen RNA-Molekii len.  
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Predict ion of Carcass  Fat, Water and Lean Body  Mass  f r o m  Lee's 'Nutrit ive Ratio' in Rats  wi th  
H y p o t h a l a m i c  Obes i ty  ~ 

Vent romed ia l  h y p o t h a l a m i c  lesions (VMNL) in ma t u r e  
ra t s  resul t  in h y p e r p h a g i a  and obes i ty  2. Wean l ing  ra ts  
w i th  V M N L  do no t  show h y p e r p h a g i a  and  excessive 
we igh t  gains a-5 b u t  have  a h igher  carcass fat  con ten t  t h a n  
the i r  controls  6, L 

I t  has  been  suggested t h a t  t he  obes i ty  s t a tus  of a ra t  
m a y  be assessed by  dividing the  cube root  of t he  b o d y  
weight  by  the  naso-anal  length.  LzE s referred to  th is  
value as ' nu t r i t i ve  ra t io '  and  considered values  above 300 
as ind ica t ing  obesi ty.  Several  au thors  have  used th is  ex- 
press ion to  gauge h y p o t h a l a m i c  obes i ty  in ra t s  wi th  VMN 
lesions ",~0,~,5,x~. 

For  the  p re l iminary  screening of weanl ing  V M N L  ra ts  
in our laborator ies  t he  above  index,  also refer red  to  as 
'LEE Index '  by  SZENTAGOTttAI et  a l )  ~ has  been  used ex- 
tens ive ly  prior  to  histological  ver i f icat ion of t he  hypo-  
t ha l amic  lesions and before per forming  cost ly  and  t ime-  
consuming  endocr ine-metabol ic  analyses  ~2,7,~-~*. 

Analysis  of our da t a  accumula ted  dur ing  t h e  last  5 
years  show t h a t  h igh  corre la t ions  exis t  be tween  the  'LEE 
Index '  and  carcass fat,  carcass wa te r  and  lean b o d y  mass  
in b o t h  weanl ing  and  m a t u r e  ra t s  wi th  VMNL.  

Wean l ing  male  and female ra ts  received bi la tera l  elec- 
t ro ly t ic  VMN lesions spar ing the  med ian  eminence.  
Sham-ope ra t ed  ra ts  served as controls .  The coordina tes  
had  been  previous ly  es tab l i shed  1~. The  lesions were pro-  
duced  wi th  a s te reo tax ic  i n s t r u m e n t  using 0.25 m m  stain-  
less steel  e lect rodes  t h a t  were spa r -va rn i sh -coa ted  and  
ba red  a t  t he  t ip .  An anodal  cu r ren t  of 1.5 m A  was  
allowed to  flow for 10 sec. The animals  were  ma in t a ined  
under  s t a n d a r d  condi t ions  and  killed 2, 3, 4 and 7 weeks 
pos topera t ive ly .  The bra ins  were t r e a t ed  in a s t a n d a r d  
m a n n e r  ~s and  the  lesions were localized using the  at las  of 
DE GROOT ~9. Ra t s  w i th  a symmet r i ca l  lesions or w i th  
lesions exceeding beyond  the  ven t r a l  bo rde r  of t he  hypo-  
t ha l am us  were excluded f rom s ta t is t ica l  analysis.  Mature  
ra t s  (229-251 g body  weight)  were t r ea t ed  s imilar ly  and  
killed 5 weeks af ter  t he  opera t ion.  In  the  la t t e r  rats,  his to-  
logical ver i f icat ion of t he  h y p o t h a l a m i c  lesions was no t  
deemed  necessary  because ma tu r e  ra t s  fail to  become 
obese when  lesions are outs ide  the  VMN or are a sym-  
metr ical .  

Carcass fa t  and  wa te r  were de t e rmined  according to a 
modi f ica t ion  of a previous ly  descr ibed m e t h o d  2~ Lean  

body  mass  was c o m p u t e d  f rom the  above 2 pa ramete r s .  
Coefficients of corre la t ion (r) and  l inear regression lines 
(y') were c o m p u t e d  and  are t abu l a t ed  in the  Table.  

The Table  shows t h a t  the  'LEE In d ex '  correlates  well 
wi th  and  allows a fairly accura te  predic t ion  of carcass fat,  
wa te r  and lean b o d y  mass  in ra t s  wi th  h y p o t h a l a m i c  
obesi ty.  Sham-ope ra t ed  controls,  however ,  show poor  and, 
except  for carcass water ,  ins ignif icant  correlat ions.  

The fact  t h a t  s ignif icant  correlat ions exis t  only  in ra ts  
w i th  hypo tha l amic  lesions and no t  in controls  is l ikely 
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