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Test compound Effect on platelet aggregation 
induced by 

9.1 x 10-TM ADP 1.8 x 10-~M ADP 
in the rat in the guinea-pig 

Ethacrynic Acid O b O 
Meralluride I ~ I 
Mersalyl I I 
p-Chloromercuribenzoic acid I I 
Methylmercuric chloride S e S 

Platelet rich plasma was preincubated for 20 min in the presence 
of 7 x 10-SM ethacrynic acid, 2 x 10-SM meralluride, 1 x 10-SM mer- 
salyl, 2.5 × 10-4M p-chloromercuribcnzoie acid and 1 × 10-4M me- 
thylmercuric chloride. Spectrophotometer determinations were 
carried out at a platelet dilution corresponding to 300,000 plate- 
lets]mm s for rat and 150,000 platelets/mm 3 for guinea-pig, b O, no 
effect, c I, complete inhibition, a S, caused aggregation in the absence 
of ADP. 

canine p la te le t  aggregat ion was observed wi th  me thy lmer -  
curic n i t ra te  concent ra t ions  of 6.3 X 10-SM or  greater .  I t  
t hus  appears  t h a t  inh ib i t ion  of p la t e l e t  aggregat ion  canno t  
be  pred ic ted  solely on the  basis of organic  molecules  con- 
ta in ing  mercu ry  or  possessing the  capac i ty  to b ind  sulf- 
h y d r y l  groups.  

Commerc ia l  p repara t ions  of the  organic  mercur ia l  diu- 
retics, mersa ly l  and  meral lur ide,  con ta in  large amoun t s  of 
theophyI l ine  added  to  p r e v e n t  b reakdown of the  organo-  
mercur ic  complex.  This  compound  has been shown to in- 
h ib i t  the  c -AMP phosphodies terase  enzyme  13, thus  effec- 
t ive ly  ma in ta in ing  h igh  levels  of c -AMP in the  platelets .  
Since h igh  p la te le t  levels  of c -AMP are  associated w i t h  in-  
h ib i t ion  of aggregat ion x4 the  possibi l i ty  m u s t  be considered 
t h a t  the  presence of  theophyl l ine  in these  prepara t ions  
would  po ten t i a t e  t he  p la te le t  aggregate  inh ib i t ing  effect  of 
these  mercur ia l  diuret ics.  E x p e r i m e n t s  are now in pro-  
gress to de t e rmine  whe the r  these  diuret ics  also af fec t  the  
synthes iz ing  enzyme  (adenyl  cyclase) or  t he  degrad ing  
enzyme  (c-AMP phosphodiesterase)  invo lved  in the  regu- 
la t ion  of c -AMP levels  in platelets .  

p a r t m e n t  cover.  A descr ipt ion of th is  device  is in press n ;  
br ief ly  i t  consists  of 4 replaceable  glass rods, 2 per  cuve t te ,  
posi t ioned so t h a t  the  l ight  beam can pass be tween  them,  
a solenoid which oscilates the  glass rods a t  60 c/sec and 
a powers ta t  which controls  the  ampl i t ude  of t he  oscilla- 
t ions. 

Compounds  were  ob ta ined  f rom the  fol lowing sources:  
Adenosine  d iphospha te  and  p-chloromercur ibenzoic  acid  
(Mann), mersa ly l  (Sigma),  e thacryn ic  acid  (Merck Sharp  
and Dohme) ,  mera l lur ide  (Lakeside Lab.)  and me thy lmer -  
curic chloride (Alpha Inorganics) .  

Results and discussion. The  Table  shows the  effect  of t he  
tes t  compounds  on ADP- induced  p la te le t  aggregat ion  in 
bo th  r a t  and guinea-pig.  PCMB and me thy lmercu r i c  
chlor ide were  included as reference compounds  because  
the i r  reac t ions  w i t h  su l fhydryl  groups and effects on pla- 
t e le t  aggregat ion  h a v e  been prev ious ly  inves t iga ted  in 
o the r  species 4. The  presence of mera l lu r ide  and mersa ly l  
resul ted in comple te  inhibi t ion  of ADP- induced  aggrega-  
t ion,  while e thacrynic  acid, the  o ther  d iure t ic  possessing 
su lhydry l  b inding  ac t iv i ty ,  had  no effect.  The  s t imu la to ry  
effect  observed wi th  1 × 1 0 4 M  and 1 × 10-3M (not il lu- 
s trated) me thy lmercu r i c  chloride is of in teres t  in v iew of 
t he  repor t  of ROBINSON et  al. ~ t h a t  comple te  inh ib i t ion  of 

Rdsumd. L'agr6ga t ion  des p laquet tes ,  indui te  pa r  I ' A D P  
exog~ne, rut  observ6e pa r  tu rb id im6t r i e  en  mesu ran t  les 
var ia t ions  de la densit6 opt ique.  Le m6ralluride,  le m6ers- 
alyl  et  le PCMB pr6incub6s avec  les p laque t t e s  de ra t  et  de 
cobaye  p r6v iennen t  l 'agr6gat ion,  t andis  que  l ' ac ide  
6 thacrynique  n ' a  aucun effet.  P a r  COlltre, le chlorire  m~thy-  
l ique  de mercure  la  p rovoque  en l ' absence  d ' A D P .  
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Inhibition of Lymphocyte Transformation by Guanidinosuccinic Acid, a Surplus Metabolite 
in Uremia 

W h e n  pa t ien ts  w i th  renal  fai lure become uremic,  cellu- 
lar  i m m u n i t y  is suppressed and homogra f t  re jec t ion  is de- 
l ayed  1, ~ This  a l t e ra t ion  in i m m u n i t y  p robab ly  is re la ted  
to  an abno rma l i t y  of l y m p h o c y t e  funct ion.  A l though  
washed  l ymphocy te s  f rom uremic  guinea-pigs  t r ans fo rm 
no rma l ly  under  s t imula t ion  f rom p h y t o h e m a g g l u t i n i n  
(PHA)  3, several  inves t iga tors  h a v e  observed  t h a t  b lood 
p lasma  f rom uremic  pa t ien ts  inhibi ts  t he  t r ans fo rma t ion  of 
l y m p h o c y t e s  to  l ymphob la s t s in  v i t ro  4, 5. Recen t ly  a dialyz-  
able  u remic  tox in  has  been suggested to  expla in  inhibi-  
t ion  of P H A - s t i m u l a t e d  l y m p h o c y t e  t r ans fo rma t ion  s. Be- 
cause the  l y m p h o c y t e  p lays  an  i m p o r t a n t  role in cel lular  
i m m u n i t y ,  we are  p resen t ly  a t t e m p t i n g  to  ident i fy  dialyz-  

able uremic  tox ins  which  migh t  a l ter  i m m u n i t y  by  inhi-  
b i t ing  l y m p h o c y t e  t ransformat ion .  
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Effect of guanidinosuceinie acid on incorporation of tritiated thymi- 
dine by normal human peripheral blood lymphocytes (cpm per 10 a 
lymphocytes) 

Experiment No Phytohemag- Phytohemag- 
additions glutinin gtutinin and 

guanidino- 
succinic acid 

1 65 7,900 1,062 
2 85 6,413 1,663 
3 45 5,969 1,793 
4 168 10,260 1,149 
5 43 25,356 13,241 
6 12 10,753 6,709 
7 83 36,393 29,317 
8 46 20,602 16,100 
9 64 29,823 13,213 

10 150 39,407 20,559 
11 132 3,081 1,446 
12 6 11,129 9,063 
13 127 36,497 23,003 
14 90 3,459 1,606 
15 22 8,673 5,391 

t r i t i a t ed  t h y m i d i n e  in each of t he  15 l y m p h o c y t e  p repa ra -  
t ions.  On t h e  average,  44% inh ib i t ion  was observed.  Higher  
concen t r a t i ons  of GSA (2.6 × 10-5M and  2.6 × 10-4M) 
were  t r ied,  b u t  t h e y  did no t  increase t he  e x t e n t  of inhibi-  
t ion.  P e r h a p s  a subpopu la t ion  of l y m p h o c y t e s  is r e s i t an t  
to  t h e  e f fec t  of GSA. 

Microscopic  e x a m i n a t i o n  of l y m p h o c y t e s  i n c u b a t e d  in 
t he  p resence  of GSA conf i rmed  t h a t  t he  cells were  v iable  
as d e t e r m i n e d  b y  t r y p a n  blue  by  exclusion and  t h a t  t he  
e x t e n t  of t r a n s f o r m a t i o n  was  compa t ib le  w i th  t h e  e x t e n t  
of incorpora t ion  of t r i t i a t ed  t hymid ine .  This  is in agree- 
m e n t  w i t h  obse rva t ions  of o thers  d e m o n s t r a t i n g  t h a t  in- 
co rpo ra t ion  of t r i t i a t ed  t h y m i d i n e  is an a d e q u a t e  measure  
of t r ans fo rma t ion .  

G S A  is u n d e t e c t a b l e  in s e rum f rom norma l  sub jec t s  b u t  
is p r e s e n t  in h igh  c o n c e n t r a t i o n  in s e rum f rom uremic  pa-  
t i en ts .  Fo r  a g roup  o5 18 uremic  pa t i en t s ,  COHEN s r epo r t s  
a m e a n  value  for se rum GSA c o n c e n t r a t i o n  of 1.6 × lO-4M, 
which  is in grea t  excess of t he  concen t r a t i on  t h a t  will  in- 
h ib i t  P H A - s t i m u l a t e d  t r a n s f o r m a t i o n  of suscept ib le  
l y m p h o c y t e s  in vi t ro .  Therefore ,  we sugges t  t h a t  GSA is 
one of  t h e  c o m p o u n d s  respons ib le  for t he  a l t e ra t ion  in 
cel lular  i m m u n i t y  associa ted  wi th  uremia.  

The  l is t  of suspec ted  uremic  tox ins  includes  i00  or  more  
c o m p o u n d s  7. F r o m  th is  l ist ,  we chose guanidinosuccinic  
acid (GSA) to  s t u d y  first .  GSA is an  unusua l  p r o d u c t  of 
n i t rogen  m e t a b o l i s m  t h a t  accumula te s  in t he  b lood of 
u remic  pa t ien t sS ;  i t  is dialyzable,  and  i t  is a l ready  impli-  
ca ted  as a cause of t he  p la te le t  a b n o r m a l i t y  associa ted  wi th  
u remia  ' .  W e  found  t h a t  G S A  inhib i t s  P H A - s t i m u l a t e d  
l y m p h o c y t e  t r ans fo rma t ion .  

F o r  our  s tudies ,  venous  blood was  col lected in hepar in iz-  
ed syr inges.  The b lood was  a l lowed to  si t  for  3 h to  p e r m i t  
e r y t h r o c y t e s  t o  se t t le  out,  a f t e r  wh ich  the  cell-rich p l a s ma  
was  r e m o v e d  and  d i lu ted  w i t h  t i ssue  cu l ture  m e d i u m  10 to  
y ie ld  a suspens ion  of 0.75 × 10 s l y m p h o c y t e s  per  ml. Ali- 
quo t s  of these  suspens ions  were  i ncuba t ed  e i ther  w i t h o u t  
a n y  addi t ions ,  w i t h  P H A  11, or w i th  GSA 12 in a f inal  con- 
c e n t r a t i o n  of 2.6 × 10-SM and  P H A  for 105 h a t  37 °C pr ior  
t o  t h e  a d d i t i o n  of I ~ci of t r i t i a t ed  t h y m i d i n e  is pe r  ml  of 
i ncuba t ion  mix tu re .  The  incuba t ions  were  con t inued  for 
a n o t h e r  18 h a n d  t h e n  the  cells were ha rves t ed  b y  cent r i -  
fuga t ion  a t  1400 × g  for 10 min .  The a m o u n t  of t r i t i a t ed  
t h y m i d i n e  in t he  D N A  of t he  cell pel le t  was  measu red  by  a 
p rev ious ly  descr ibed  m e t h o d  8. The  Table  summar izes  t he  
results .  

Our  resul ts  con f i rmed  t h e  va r ia t ion  t h a t  m a y  occur  in 
t h e  i nco rpo ra t ion  of t r i t i a t ed  t h y m i d i n e  b y  l y m p h o c y t e s  
f rom d i f fe ren t  sub jec t s  u n d e r  s imilar  condi t ions .  N e v e r t h e -  
less, i t  is a p p a r e n t  t h a t  GSA inh ib i t ed  incorpora t ion  of 

Zusammen[assung. Guanidinbernste ins~iure  h e m m t  die  
d u t c h  Phytoh~imagglu t in in  s t imul ie r te  A u f n a h m e  yon  
3H-Thymid in  zu 44%. 
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lo The tissue culture was prepared by diluting 10 mt of TC 199 10 X 
to 100 ml with sterile, distilled water and adding 500 units of he- 
parin, 10,000 units of penicillin G, and 10 mg of streptomycin. The 
pH of the medium was adjusted to 7.3 with NaHCO v 

n To each four milliliters of incubation suspension were added 0.1 
milliliter of phytohemagglutininin, PHA-M from Difco Labora- 
tories, Detroit, Michigan. 

12 Purchased from Mann Research Laboratories, New York, New 
York. 

1s Specific activity 2.78 mCi per mg, New England Nuclear Corpora- 
tion. 

A m i n o s f i u r e n a n a l y s e  des  F e r r i t i n s  bel  pr lmf i rer  und  sekundt irer  Lung, e n h f l m o s i d e r o s e  

Die prim~ire Lungenh/ imos iderose  (LH), die als id iopa-  
th i sche  L H  1-4 und  bei gleichzei t iger  Glomeru lonephr i t i s  
als G o o d p a s t u r e - S y n d r o m  (GPS) 1,,, ~ b e k a n n t  ist, n i m m t  
im Eisens to f fwechse l  eine Sonders te l lung  ein. So is t  ins- 
besondere  die Irreversibili t~it  2-4, 6 des tei lweise in die ela- 
s t i schen  Fase rn  des Lungenger i i s tes  ink rus t i e r t en  Eisens  7 
auff/illig. De r  Gesamtorgane i sengeha l t  l iegt  gew6hnl ich  
h6he r  als de r  bei  prim/~rer Siderophi l ie  (H~mochroma-  
tose) u n d  der  Se rumeisengeha l t  is t  erniedrigt .  E s  wird  
v e r m u t e t ,  dass  eine besondere ,  m6gl icherweise  m i t  den  
sauren  Mukopo lysaccha r iden  in Z u s a m m e n h a n g  s t ehende  

F o r m  der  E i sen f ixa t ion  7 vor l iegt ,  weswegen  Un te r su -  
chungen  des Depo te i sens  Fe r r i t in  s innvol l  erscheinen.  
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