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Immune eleetrophoresis of Naja naja venom (30 big, in the well). 
TroughS: 2 specimen of rabbit anti-Naja-na~a serum, raised with 
glutardialdehyde-treated venom. Cathode to the left. 

t i ona l  b o o s t e r  dose of 20 m g  1 ml  a n t i s e r u m  of 1 r a b b i t  
n e u t r a l i z e d  167 LDs0. 

These  e x p e r i m e n t s  d e m o n s t r a t e  t h a t  c o b r a  v e n o m  is 
la rge ly  de tox i f i ed  b y  t h e  t r e a t m e n t  w i t h  g l u t a r d i a l d e h y d e .  
N e v e r t h e l e s s  i m m u n o g e n i c i t y  is p r e s e r v e d  or  e v e n  in-  
c reased  in t h e  case of t h e  low molecu la r  w e i g h t  compo-  
nen t s ,  as s h o w n  b y  a n t i b o d y  p r o d u c t i o n  a g a i n s t  D L F  a n d  
p r o t e c t i o n  f rom l e tha l  effects.  

T h e  t r e a t m e n t  of a n t i g e n  for  i m m u n i z a t i o n  used he re  
shou ld  be  app l i cab l e  to  o t h e r  v e n o m s  w i t h  t h e  s a m e  suc-  
cess. Th i s  h a s  b e e n  sugges ted  also b y  HABEEB a n d  MIRA- 
MOTO 3. 

a t  i.p. i n j e c t i o n  was  0.24 ~g/g  mouse ,  d e t e r m i n e d  in 
g roups  of 6 mice  (25-30  g) pe r  dose. Samp le s  of ac t ive  
v e n o m  so lu t ion  were  i n c u b a t e d  w i t h  inc reas ing  a m o u n t s  
of a n t i s e r u m  for  60 m i n  a t  37 °C .The t o x i c i t y  of these  mix-  
t u r e s  was  a g a i n  a s sayed  in  mice  (25-30  g). 0.005 m l  an t i -  
s e r u m  was  suf f ic ien t  e n t i r e l y  to  d e t o x i f y  one  L D ~ ,  i.e. 
1 m l  n e u t r a l i z e d  a b o u t  200 LDss of v e n o m  = 1400 ~g. 

A g roup  of 5 r a b b i t s  (2.5 kg) was  i m m u n i z e d  b y  2 in i t ia l  
doses of 20 m g  each  of c ross - l inked  v e n o m  app l i ed  on  2 
success ive  days .  One  a n i m a l  d ied  a f t e r  t h e  second injec-  
t ion .  T h e  r a b b i t s  were  b o o s t e d  3 t i m e s  w i t h  t h e  s ame  dose  
of 20 rag. Af t e r  a n  i m m u n i z a t i o n  pe r iod  of 2 m o n t h s ,  t h e  
a n t i s e r a  of these  a n i m a l s  deve loped  p r e c i p i t a t i o n  l ines in  
a g a r  i m m u n e  e lec t rophores i s  a g a i n s t  t h e  c o m p o n e n t s  of 
whole  c o b r a  v e n o m  (Figure ,  lower  t rough)  as  wel l  as 
a g a i n s t  pu r i f i ed  D L F  a n d  p h o s p h o l i p a s e  A. Af te r  a n  add i -  

Zusammen[assung. D u r c h  B e h a n d l u n g  m i t  G l u t a rd i a l -  
d e h y d  wird  Naja-naja-Gift  w e i t g e h e n d  en tg i f t e t .  Einzel -  
dosen  bis  zu 20 m g  p ro  K a n i n c h e n  k 6 n n e n  o h n e  Neben-  
w i r k u n g e n  in j i z ie r t  werden .  D u r c h  I m m u n i s i e r u n g  yon  
K a n i n c h e n  wird  eine gu t e  A n t i k 6 r p e r b i l d u n g  gegen Naja- 
n a j a - G i f t  - u n d  v o r  a l l em a u c h  gegen die  n i ede rmoleku la -  
t en  T o x i n e  - erziel t .  
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The Effect of Several Diuretics on Adenos ine-Diphosphate  Induced Platelet Aggregat ion in vitro 

T h e  f o r m a t i o n  of b lood  p l a t e l e t s  aggrega te s  on  a n  in-  
j u r e d  i n t i m a l  surface  is n o w  gene ra l ly  accep t ed  to  b e  t h e  
in i t i a l  p h a s e  in t he  h e m o s t a t i c  response  a n d  t h r o m b o s i s  
f o r m a t i o n  x. F u r t h e r m o r e ,  GAARDER et  al. 2 h a v e  sugges ted  
t h a t  t h e  re lease  of in t r ins i c  p l a t e l e t  adenos ine  d i p h o s p h a t e  
(ADP)  p l a y s  a m a j o r  role  in  t h e  f o r m a t i o n  of p l a t e l e t  
aggregates .  

Because  s u l f h y d r y l  i n h i b i t o r s  such  as N - e t h y l  male i -  
m ide  a n d  p - c h l o r o m e r c u r i b e n z o i c  ac id  (PCMB) can  pre-  
v e n t  A D P - i n d u c e d  p l a t e l e t  a g g l u t i n a t i o n  3, MUSTARD a n d  
PACKHAM 4 h a v e  sugges ted  t h a t  t h e  p l a t e l e t  sur face  con-  
t a i n s  s u l f h y d r y l  g roups  w h i c h  are  i n v o l v e d  in t he  p l a t e l e t  
a g g r e g a t i o n  reac t ion .  Severa l  a u t h o r s  ~-7 h a v e  r e p o r t e d  
t h a t  t h e  d iu re t i c s  me ra l l u r i de  (Dilurgen,  Merca rdan ,  Mer- 
c u h y d r i n ,  Mercure t in) ,  m e r s a l y l  (Sa ly rgan ,  Sa tur in ,  Mer-  
salin,  Mercusal)  a n d  e t h a c r y n i c  ac id  (Edecil ,  H y d r o m e d i n ,  
Edecr in ,  Endecr i l )  i n h i b i t  t h e  a c t i v i t y  of a n u m b e r  of 
e n z y m e s  b y  b i n d i n g  to  t h e i r  s u l f h y d r y l  groups.  The  pos-  
s ib i l i ty  t he re fo re  ex is t s  t h a t  these  d iure t ics ,  b y  v i r t u e  of 
t h e i r  t h i o l  g roup  b i n d i n g  a c t i v i t y ,  would  also i n h i b i t  p la-  
t e l e t  aggrega t ion .  T h e  pu rpose  of t h i s  i n v e s t i g a t i o n  was  
a) to  s t u d y  t h e  ef fec t  of t he se  d rugs  on  in v i t r o  p l a t e l e t  
a g g r e g a t i o n  i nduced  b y  A D P  a n d  b) to  c o m p a r e  t h e  ef- 
fects  on  p l a t e l e t s  o b t a i n e d  f rom gu inea -p ig  a n d  ra t .  

Materials and methods. Blood  was  co l lec ted  f rom female  
r a t s  a n d  gu inea -p igs  b y  ca rd i ac  p u n c t u r e  i n t o  s i l iconized  
glass t u b e s  c o n t a i n i n g  3.8 % sod ium c i t r a t e  in  a f ina l  r a t i o  
of 9 : 1 (b lood/c i t ra te ) .  P l a t e l e t - r i c h - p l a s m a  ( P R P )  was  ob-  
t a i n e d  b y  c e n t r i f u g a t i o n  a t  31 × g  for 5 m i n  a t  r oom t e m -  
p e r a t u r e  a n d  p l a t e l e t  c o u n t s  were d e t e r m i n e d  o n  a Cou l t e r  
C o u n t e r  (Model B) a c c o r d i n g  to  t h e  m e t h o d  of BULL e t  
al. s. P1RP was  d i l u t ed  acco rd ing ly  w i t h  modi f i ed  T y r o d e ' s  

so lu t ion  (pH 7.4) c o n s i s t i n g  of 9 g NaCt,  0.2 g KC1, 1 g 
NaHCO3, 1 g dex t ro se  a n d  0.05 g N a H , P O  4 pe r  l i t e r  of so- 
lu t ion .  

P R P  was  p p r e i n c u b a t e d  a t  r o o m  t e m e r a t u r e  in t h e  
p resence  of t h e  t e s t  drug .  Se lec t ion  of t h i s  t e m p e r a t u r e  
was  based  u p o n  t h e  r e c e n t  r e p o r t  t h a t  p l a t e l e t  v i a b i l i t y  
a n d  i n t e g r i t y  is be s t  m a i n t a i n e d  w h e n  s to red  a t  22°CL 

P l a t e l e t  agg rega t ion  was s t u d i ed  a t  37 °C b y  a modi f ica-  
t i on  of t h e  t u r b i d o m e t r i c  m e t h o d  of BORN l0 in wh ich  t h e  
ch an g es  in op t i ca l  d e n s i t y  (a t  600 nm)  of P R P  are  moni -  
t o r e d  d u r i n g  ag g reg a t i o n  us ing  a B e c k m a n  D B G  spec t ro -  
p h o t o m e t e r  c o n n e c t e d  to  a recorder .  Con t inous  a g i t a t i o n  
of t h e  c u v e t t e  c o n t e n t s  was  p r o v i d e d  b y  a m i x e r  m o u n t e d  
d i r ec t l y  a b o v e  t h e  c u v e t t e s  on  a r e m o v a b l e  s a m p l e  corn- 
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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 .  

i D. M. HUME, J. P. MERRILL, B.F. MILLER and G.W. THORN, 
J. clin. Invest. 3if, 327 (1955). 

2 N. E. COUCH, J . E .  MURRAY, G.J .  I)AMMIN and L. P. THOMAS, 
Surg. Forum 7, 626 (1957). 

3 R. G. SLAVIN, J. F. KELLY and J . J .  GARRETT, J. Immun,/04, 
1424 (1970). 

4 M. R. SILK, Invest. Urol. 5, 195 (1967). 
s S. KASAKURA and L. LOWENSTEIN, Transplantation 5, 283 {1967). 
s W. M. NEW~ERRY and J .P .  SA~FORD, J. clin. Invest. 49, 71a 

(1970). 


