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Spezies beschr iebene  Sexua ld imorph i smus  der  G1. ex t ra-  
orbi tal is  (WALKER 9 ; BAQUICHE 10 ; KITTEL 11) k6nnte  auch  
die unterschiedl iche  Reak t ion  des Dri isengewebes auf 
Kupfermange l  geschlechtsspezif ische Anfgaben  der  E x t r a -  
orbi taldri ise  andeuten ,  yon der  KITTEL 11 a n n i m m t ,  dass  
sie beim GoMhamste r  b e s t i m m t e  Dufts toffe ,  bei  der  R a t t e  
Markierungss toffe  produzier t .  

In  wei te ren  Un te r suchungen  muss  gekl~rt  werden,  ob 
die beschr iebenen  Vef i tnderungen des Dri isenbi ldes  Folge 
einer fehlenden spezif ischen Kupfe rwi rkung  auf die G1. 
ext raorbi ta l i s  sind oder  ob sie infolge der  v e r m i n d e r t e n  
Aktivit~tt der  Zy toch romoxydase  und anderer  Zellh~mine 
auf t re ten ,  deren  Synthese  an das Vorhandense in  yon  
Kupfe r  gebunden  ist. Ausse rdem miiss ten  die Befunde  
SCHMIDT'S 12 an den Ex t raorb i t a ld r i i sen  erwachsener  Ra t -  
t en  nach  Milchern~hrung ohne Zusatz  yon  Spurenelemen-  
t en  und V i t aminen  i iberpri if t  werden,  da die yon  ihm 
beschr iebenen Ved inde rungen  m6glicherweise n ich t  allein 
Folge der  fl/issigen Kosf fo rm sind, sondern  eventuel l  
Kupfermangelsch i iden  dars te l len la. 

Summary. Copper  def ic iency of the  ra t  leads to  a 
reduc t ion  of the  h is tochemica l ly  demons t r ab l e  cyto-  
chrome oxidase  ac t iv i ty  of t he  glandula  extraorbi ta l is ,  
and  to  a t r o p h y  and  f a t t y  degenera t ion  of the  g landular  
ceils. The histological  a l te ra t ions  are more  p ronounced  
in the  male t h a n  in the  female. 
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Carboxypeptidase A, Ionic Strength, and the Enhancement of Guinea-Pig Complement 

Carboxypep t idase  A enhances  the  fo rmat ion  of EAC 
1, 4, 2 by  guinea-pig complemen t  (gp C) and sensit ized 
sheep cells 1. I t  has  been  repor ted  t h a t  low ionic s t r eng th  
buffers in i m m u n e  hemolys is  p r e v e n t  the  dissociat ion of 
C1 f rom SAC1, p romot ing  the  eventua l  convers ion of 
SAC~,4 --~ SAC1,4,2 2. Since ca rboxypep t idase  A and 
low ionic s t r eng th  exer t  s imilar  effects on the  i m m u n e  
hemoly t ic  reaction,  i t  was of in te res t  to t i t r a t e  gp C, 
by  the  m e thod  of MAYER a, a t  va ry ing  ionic s t reng ths  
in the  presence and absence of the  enzyme.  Kinet ic  
s tudies  were also per formed to de te rmine  the  effect  of 
t ime  of in t roduc t ion  of low ionic s t r eng th  and carboxy-  
pep t idase  A on the  immune  hemoly t ic  react ion.  

Veronal  buffers  for the  t i t ra t ions  were prepared  accord- 
ing to  the  me thod  of IBE and WARDLAW ~. Low ionic 
s t r eng th  buffers  for the  kinet ic  expe r imen t s  were made  
by combin ing  equal  volumes  of buffers (IX--0.15 and  
Ix = 0.004) to give a final ionic s t r eng th  of Ix--0 .077.  
The sera f rom freshly drawn blood of hea l thy  guinea-pigs 
were pooled, s tored a t  - -52 ~ and used as a source of 
gp C. Hemolys in  was ob ta ined  by  i.v. inject ion of rab-  
bi ts  wi th  boiled s t r o m a t a  of sheep ery throcytes .  Prepara-  
t ion of suspensions of sensi t ized e ry th rocy tes  is t h a t  
descr ibed by  MAYER a. 

Guinea-pig c o m p l e m e n t  (2 ml) was di luted wi th  8.0 ml  
of buffer  (~z -- 0.15). An addi t ional  a l iquot  of gp C (2 ml) 
was di luted wi th  8.0 nfi of the  same buffer  conta in ing  
ca rboxypep t idase  A (Wor th ing ton  Biochemical  Corp., 
Freehold,  New Jersey,  Lot  No. COA-DFP-6129) a t  a 
concent ra t ion  of 8-10 Ixg/ml. These 2 samples  were pre- 
incuba ted  for 10 rain a t  37 ~ 5 and then  t e s t ed  for com- 
p l emen t  ac t iv i ty  by  t i t r a t ion  in buffers  of va ry ing  ionic 
s t r eng th  (Table). E n h a n c e m e n t  by  ca rboxypep t idase  A 
was d e m o n s t r a t e d  at  all ionic s t r eng ths  tes ted,  bu t  was 
min imal  a t  the  o p t i m u m  ionic s t r eng th  (0.085). This 
o p t i m u m  ionic s t r eng th  is a h igher  value t h a n  previously  
repor ted  6 and may  be a result  of inadequa te  predi lu t ion  
of gp C in veronal  buffer  (IX 0.15) or poss ibly  to the  
sugar, dex t rose  (Mallinckrodt Chemical  Works ,  St .Louis ,  
Mo., USA), used to ma in t a in  isotonici ty.  RAPP and BOR- 
SOS ~ have  noted  t h a t  the  na tu re  of nonelec t ro ly te  used 
to ma in ta in  isotonici ty  does affect  the  ac t iv i ty  of gp C. 

The addi t iona l  increase of C'Hso by  ca rboxypep t idase  A 
at  the  o p t i m u m  ionic s t r eng th  suggests t h a t  the  enzyme  
ei ther  exer ts  a grea ter  effect  on componen t s  enhanced  
by  low ionic s t rength ,  or affects,  in addi t ion,  o the r  
componen t s  of complemen t .  

The effect  of t ime  of in t roduc t ion  of low ionic s t r eng th  
or of ca rboxypep t idase  A into the  i m m u n e  hemoly t ic  
react ion was s tudied  in the  following manner .  Basic 
react ion mix tures  of 5.0 ml of sensit ized cells (EA 5 • 109 
cells/ml) and 1.0 ml of guinea-pig c o m p l e m e n t  (diluted 
1:57) were placed in a 37 ~ ba th  a t  zero t ime. At  t imed  
intervals,  a l iquots  (6.0 ml) of veronal  buffer  (IX- 0.15), 
conta in ing  ca rboxypep t idase  A (8-10 ~g/ml), or low ionic 
s t r eng th  buffer  ( a -  0.004) were added  to the  reac t ion  
mixtures .  Incuba t ion  was cont inued  to 100 min, and  the  

Effect of carboxypeptidase A on guinea-pig complement at varying 
ionic strengths 

C'Hso 
Ionic strength No enzyme With enzyme Enhancement 

0.15 218 278 27.4 
0.I0 358 419 17.0 
0.085 393 455 15.3 
0.075 386 455 17.8 
0.050 192 242 26.0 
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effect  on  t he  e x t e n t  of hemolys i s  as c o m p a r e d  to  t h a t  of 
a con t ro l  m i x t u r e  is shown  in t h e  Figure.  Af te r  10 rain,  
c a r b o x y p e p t i d a s e  A no longer  exe r t ed  a n y  inf luence  on  
t he  i m m u n e  h e m o l y t i c  reac t ion .  However ,  e n h a n c e m e n t  
of i m m u n e  hemolys i s  b y  low ionic s t r e n g t h  could be  
d e m o n s t r a t e d  up  to 15 m i n  a f t e r  i n i t i a t i on  of the  reac t ion .  
E n h a n c e m e n t  of gp C b y  low ionic s t r e n g t h  b e y o n d  10 m i n  
is ev idence  t h a t  one or more  c o m p o n e n t s  of c o m p l e m e n t  
are a f fec ted  b y  low ionic s t r eng th ,  w h i c h  are una f fec t ed  
b y  c a r b o x y p e p t i d a s e  A. 

I t  has  been  r epo r t ed  t h a t  C2, C4, and  poss ib ly  C3 com- 
p o n e n t s  of c o m p l e m e n t  are a f fec ted  b y  c a r b o x y p e p t i d a s e  
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Effect of time of introduction of low ionic strength and of carboxy- 
peptidase A on immune hemolytic reaction. O--Q, carboxypepti- 
dase A; �9169 low ionic strength. 

A 5. Low ionic s t r e n g t h  enhances  t he  f o r m a t i o n  of SAC 
1, 4, 2 b y  p e r m i t t i n g  f i rmer  b i n d i n g  of C1 to SA a n d  b y  
p r e v e n t i n g  t he  mac romolecu l a r  complex  C1 f rom dis- 
soc ia t ing  in to  n o n a c t i v e  fo rms  ~. Low ionic s t r e n g t h  can  
exe r t  b o t h  a n  e n h a n c i n g  a n d  a d e t r i m e n t a l  effect  on  C3 
or l a t e r  ac t ing  c o m p o n e n t s  of c o m p l e m e n t  ~. The  fac t  t h a t  
low ionic s t r e n g t h  affects  t he  r eac t ion  for  a longer per iod 
of t i m e  t h a n  c a r b o x y p e p t i d a s e  A (Figure) suggests  t h a t  
i t  is e n h a n c i n g  a l a t e r  s tep  in t he  hemoly t i c  r eac t ion  
s u b s e q u e n t  to  t he  f o r m a t i o n  of EAC1,4 ,2 ,  wh ich  is 
una f fec t ed  b y  c a r b o x y p e p t i d a s e  A. T h a t  c a rboxypep t i -  
dase  A e n h a n c e s  gp C a t  t he  o p t i m u m  ionic s t r e n g t h  
ind ica tes  t h a t  t h e  e n z y m e  exer t s  g rea te r  effect  on  m u t u a l  
c o m p o n e n t s  or enhances  componen t ( s )  C2 a n d / o r  C4, 
una f fec t ed  b y  low ionic s t r e n g t h L  

Zusammen[assung. P o t e n z i e r u n g  v o n  Meerschweinchen-  
k o m p l e m e n t  d u r c h  n iedr ige  I o n e n k o n z e n t r a t i o n  u n d  
C a r b o x y p e p t i d a s e  A zeigt,  dass  das  E n z y m  seinen stair- 
ke ren  E inf luss  wAhrend de r  B i l d u n g  yon  EAC1, 4, 2 aus-  
i ibt .  WS&rend der  I m m u n h i t m o l y s e  i ib te  j edoch  eine 
n iedere  I o n e n k o n z e n t r a t i o n  e inen  zus~Ltzlichen f6 rde rnden  
Einf luss  auf  e ine spAtere R e a k t i o n  aus. 
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Inhibitory Influence of Acid Citrate Dextrose on the Activity of Dehydrogenase in Erythrocytes 

The  i n h i b i t o r y  effect  of some a n t i c o a g u l a n t s  on  t h e  
a c t i v i t y  of enzymes  1-, is no t  on ly  of t heo re t i ca l  i n t e r e s t  
b u t  ha s  also some p rac t i ca l  i m por t ance .  W e  h a v e  the re -  
fore cons idered  i t  i m p o r t a n t  to  pub l i s h  our  f ind ings  on  
t h e  i n h i b i t o r y  inf luence  of acid c i t r a t e  dex t rose  (ACD), 
a n  a n t i c o a g u l a n t  so lu t ion  o f t en  used in b lood  storage,  on  
t h e  a c t i v i t y  of some dehydrogenases  of red  b lood  cell 
(RBC). 

In the course of our studies with the erythrocytic 
enzyme, glucose-6-phosphate dehydrogenase (G-6-PD) we 
have registered a much slower reaction, catalysed by the 
above-mentioned enzyme, when blood samples treated 
with ACD (Figure, Table I). Ratio : ACD/blood 1 : 4 were 
compared to heparin samples. The enzymatic activity 
of G-6-PD in R B C  was d e t e r m i n e d  b y  t he  I{ORNBERG'8 
a n d  HORECKER'S m e t h o d  4 w i t h  some modi f i ca t ions  5. B y  
t r a c ing  th i s  p h e n o m e n o n  in a g rea t e r  n u m b e r  of b lood  
donors ,  we h a v e  been  able  to  p rove  b y  m e a n s  of a doub l e t  
s y s t e m  m e t h o d  t h a t  t he  d i m i n i s h e d  e r y t h r o c y t e  a c t i v i t y  
of t h e  e n z y m e  G-6 -PD in t h e  samples  of ACD has  a 
s t a t i s t i ca l  s ignif icance a t  1% level,  w h e n  H - t e s t  was  
used*. Differences  of e n z y m e  a c t i v i t y  in  b o t h  an t i -  
c o a g u l a n t  med ia  in  each  b lood  sample  e x a m i n e d  are  
d e m o n s t r a t e d  in Tab le  1. There fore  w e  t r i ed  to  answer  
t he  ques t ion  if t he  obse rved  A C D - i n h i b i t o r y  effect  is 
l im i t ed  on ly  to  t he  e n z y m e  G-6-PD or- if  i t  is of a more  
genera l  impor t ance .  Fo r  th i s  r eason  we decided to  use 

a n o t h e r  N A D P  d e p e n d e n t  d e h y d r o g e n a s e  glucono-6-  
p h o s p h a t e  d e h y d r o g e n a s e  (6-PGD).  The  e r y t h r o c y t e  
a c t i v i t y  of t h i s  e n z y m e  was d e t e r m i n e d  b y  t he  m e t h o d  
of I4~ORNBERG a n d  HORECKER 4 us ing  iden t ica l  cond i t ions  
as descr ibed  b y  G-6-PD.  F r o m  10 b lood  donors  e x a m i n e d  
9 showed t h e  m e a s u r e d  e r y t h r o c y t e  ac t i v i t y  of 6 -PGD 
to be  h ighe r  w h e n  h e p a r i n  was appl ied  (Table I). How-  
ever,  d i f ferences  in  e n z y m a t i c  a c t i v i t y  were no t  of such  
a degree as to  be  s t a t i s t i ca l ly  s ign i f ican t  w h e n  t e s t ed  w i t h  
H- tes t .  I n  a n o t h e r  dehydrogenase ,  N A D H  dependen t ,  
lact ic  d e h y d r o g e n a s e  (LDH),  d e t e r m i n e d  b y  the  m e t h o d  
of HORN a n d  AMELUNG 7, we h a v e  been  able  to  prove,  
w h e n  check ing  w i t h  h e p a r i n  samples ,  s t a t i s t i ca l ly  signif-  
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