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reines Wasser .  Bei abs t e igender  Ch roma tog raph i c  (im 
Dunkeln)  w a n d e r t  die L 6 s u n g s m i t t e l f r o n t  in 120 min  um 
ca. 20 cm. Die R f - W e r t e  einiger  V i t amine  be t r agen  u n t e r  
diesen Bed ingungen  : 
Th iamin  0; P y r i d o x i n  0,04; Ribof lav in  0,12; Cyanoco-  
ba lamin  0,14; Nicotins~tureamid 0,18; p -Aminobenzoe -  
s/iure 0,70; FolsXure 0,74; P a n t h e n o l  0,85; Na-r ibof lav in-  
p h o s p h a t  0,88; C a l c i u m - p a n t o t h e n a t  0,96. 

Summary. A simple  new m e t h o d  is descr ibed  for  the  
s epa ra t ion  of water -so luble  v i tamins ,  us ing ion exchange-  
papers .  

I{. H/]ITTENRAUCH und  L. KLOTZ 

WissenschaJtliche Laboratorien des VE B Jenapharm, Jena 
(Deutschland), 7. August 1962. 

T h e  E f f e c t  o f  S o d i u m  N i t r i t e  o n  R e d  C e l l  G S H  ~ 

Introduction. In  1946 KEILIN and  HARTREE 2 r epo r t ed  
t h a t  n i t r i te  resu l ted  in the  ox ida t ion  of red  cell g lu ta th ione  
(GSH). I t  has  been  genera l ly  accep ted  t h a t  th is  occurs,  
and  s imilar  obse rva t ions  have  formed the  founda t ion  of 
several  o the r  s tud ies  of red cell G S H  3,4. The  inves t iga t ions  
r e p o r t e d  br ief ly in th is  c o m m u n i c a t i o n  d e m o n s t r a t e  t h a t  
n i t r i te  does n o t  oxidize g lu ta th ione  in t raeel lu lar ly ,  b u t  
t h a t  t he  a p p a r e n t  d i sappea rance  of G S H  af ter  i ncuba t ion  
wi th  n i t r i t e  is p r o b a b l y  due  to  in vitro i n t e rac t ion  of 
n i t rous  acid w i th  G S H  dur ing  the  p rocedure  for de ter -  
min ing  GSH.  

Methods. These  s tudies  were  carr ied ou t  using h u m a n  
red cells o b t a i n e d  f rom a p o l y c y t h e m i c  donor .  G SH de te r -  
m i n a t i o n s  were  carr ied  ou t  b y  a modi f i ca t ion  of the  
m e t h o d  of ELLMANS: P ro t e ins  were  p rec ip i t a t ed  w i t h  
m e t a p h o s p h o r i c  acid (MPA) and  sa l t  and  the  f i l t ra te  a d d e d  
to a c u v e t t e  con ta in ing  0.5 M p h o s p h a t e  buffer  p H  7.5. 
Color was t h e n  deve loped  by  the  add i t ion  of 5, 5 ' -d i th iobis  
(2-ni t robenzoic  acid). 

Results. I t  f i rs t  became  a p p a r e n t  to  us t h a t  n i t r i te  does 
no t  ac tua l ly  resul t  in in t racel lu lar  ox ida t ion  of G S H  w h e n  
we observed  t h a t  r epea t ed ly  wash ing  red cells in phys io-  
logic sal t  solut ion (wi thout  glucose) resu l ted  in r e t u rn  of 
t he  G S H  level to  a concen t r a t i on  equa l  to  t h a t  before  
t r e a t m e n t  w i th  n i t r i te .  I t  is ev iden t  f rom Table  I t h a t  th is  
effect  d e p e n d s  upon  the  n u m b e r  of wash ings  and  the  

Tab. I. GSH measured in RBC after nitrite treatment and saline 
washing (% of initial value) 

Volume of washing solution 
1-2 6 10 

Washings % % % 
1 5 0.5 5 
2 0.5 7 - -  
3 5 53 86 
4 1 82 - -  
5 - -  - -  llO 
6 - -  - -  - -  

7 - -  - -  97 

vo lume  of wash ing  solutions.  Iden t i ca l  resul ts  were ob- 
t a ined  when  the  n i t ropruss ide  m e t h o d  6 for d e t e r m i n i n g  
G S H  was  employed .  I t  is u n d o u b t e d l y  because  of t he  
large n u m b e r  of washings  requ i red  t h a t  o t h e r  inves t iga tors  
h a v e  no t  no t iced  th is  effect.  

W h e n  n i t r i t e  was mixed  wi th  G S H  and  the  ana ly t ic  
procedure ,  inc luding the  add i t ion  of m e t a p h o s p h o r i c  acid 
(MPA), was  carr ied ou t  in the  usual  manner ,  v i r tua l ly  all 
of t he  G S H  h a d  d i sappeared .  However ,  if n i t r i t e  was  
a d d e d  to  the  c u v e t t e  con ta in ing  G S H  and  buffer ,  there  
was no loss of G S H  and  no in te r fe rence  wi th  t he  G S H  
de te rmina t ion .  The e x p e r i m e n t  dep ic ted  in Table  I I  was 
there fore  carr ied out.  A solut ion a p p r o x i m a t e l y  25 mg  of 
G S H  per  100 ml of 0.5 M p h o s p h a t e  buffer,  p H  7.0 was 
mixed  wi th  an equal  vo lume  of f reshly  p r e p a r e d  solut ions 
of 0.25~/o, 0.12%, 0.06~/o, 0 . 0 3 ° ,  and  0.015% s o d i u m  
ni t r i te .  A cont ro l  a l iquot  of G S H  was i ncuba t ed  wi th  
physiological  saline. T w o - t e n t h s  of a mil l i l i ter  of each 
n i t r i t e - G S H  m i x t u r e  was  t h e n  added  to  each  of two  tubes  
con ta in ing  1.8 ml  of dist i l led water .  To one of these  tubes  
3 ml  of NaC1 sa tu r a t ed  1.67% M P A  was  added ,  as is done  
in our modi f ica t ion  of t he  E l l m a n  t echn ique  for G S H  
de te rmina t ion .  To the  dupl ica te  t ube  3 ml  of 0.5 M 
p h o s p h a t e  buffer ,  p H  7.5 was  added  ins tead  of MPA.  Af te r  
s t a n d i n g  for 5 min,  G S H  d e t e r mi n a t i o n s  were carr ied out  
on each of the  mi x t u r e s  in such  a w a y  t h a t  t he  final  
c o n t e n t s  of each  c u v e t t e  w i th  r e spec t  to  salt ,  MPA,  and  
buffer  were ident ical .  As ind ica ted  in Table  I I ,  i t  was 
found  t h a t  when  a m i x t u r e  of n i t r i te  and  G S H  h a d  been  
t r e a t e d  wi th  MPA,  v i r tua l ly  all of t he  G S H  h a d  been  
des t royed .  In  con t ras t ,  w h e n  p h o s p h a t e  buffer ,  p H  7.5 
h a d  been  s u b s t i t u t e d  for M P A  the  G S H  concen t r a t i on  
was unaf fec ted  b y  the  presence  of n i t r i te .  

P r e l im ina ry  s tudies  h a v e  sugges ted  t h a t  only.  s l ight ly  
more  t h a n  1 ~zM of n i t rous  acid was  requi red  to  des t roy  
1 ~M of GSH.  I t  is p robab le  t h a t  the  p r o d u c t s  of the  
reac t ion  are  NH~OH and  N H  3v. 

Discussion. These s tudies  d e m o n s t r a t e  t h a t  the  a p p a r e n t  
des t ruc t ion  of red cell G S H  by  sod ium ni t r i te  is an a r t i fac t  
p roduced  dur ing  the  p ro te in  p rec ip i t a t ion  s tep  in the  
d e t e r m i n a t i o n  of GSH.  The resul ts  emphas i ze  t he  diffi- 
cu l ty  in r emov ing  n i t r i t e  f rom red  cells, a p h e n o m e n o n  
which  we have  observed  previous ly  in s tudies  involving 
m e t h a e m o g l o b i n  reduct ion .  The  fact  t h a t  h igh  concen-  
t r a t ions  of m e t h a e m o g l o b i n  can exis t  in e r y t h r o c y t e s  with-  

Tab. II. GSH remaining after incubation with nitrite 

Mg% sodium nitrite in incubation mixture 
120 60 30 15 7112 0 

Incubated in acid 1.2 2.3 0.5 0.2 0 100 
Incubated in buffer 115.4 98.2 9 8 . 5  94.5 95.4 100 

x Supported in part by U.S.P.H.S. Grants H-5313 and H-5292. 
2 D. KEILIN and E. F. HARTREE, Nature 157, 210 (1962). 
3 E. P. VOLLMER and M. M. CAREY, J. Pharmacol. exp. Therap. Ill, 

114 (1954). 
4 F. VELLA, Exper. 15, 433 (1959). 
5 G. L. ELLMAN, Arch. Biochem. Biophys. 82, 70 (1959). 
6 ~. BEUTLER, J. lab. clin. Med. 49, 84 (1957}. 
7 M .  L E M O I G N E ,  P .  M O N G O U I L L O N ,  and R. DI~SEVEAUX,  C .  R .  Acad. 

Sci. 206, 947 (1938). 
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ou t  app rec i ab l e  effect  on  in t r ace l lu la r  GSH,  indicates  t h a t  
G S H - m e d i a t e d  r e d u c t i o n  oi m e t h a e m o g l o b i n  8, if i t  occurs 
a t  all in  t h e  i n t a c t  e r y t h r ocy t e ,  m u s t  proceed a t  an  ex- 
t r eme ly  low, a n d  p r o b a b l y  physiological ly  u n i m p o r t a n t  
ra te .  

Zusammen[assung. Bet  de r  N a c h u n t e r s u e h u n g  der  
N i t r i t w i r k u n g  a u f  das  G S H  t ier  u n v e r s e h r t e n  E r y t h r o -  
c y t e n  k o n n t e  n u r  Pin ger ingfi igiger  Ef fek t  festgestel l t  
werden.  Die  f r f iher  rn i tge te i t t e  t o t a l e  Ze r s t6 rung  der  G S H  

wurde au f  einen Ar te fak t  zurt ickgefi ihrt ,  de r  w/ ihrend tler 
Eiweissfiil lung mi t  Metaphosphors / iure  au f t r a t .  

E. BF.UTLF.R and ]3ARBARA M. KELLY 

Deparlment o/ Medicine, City o/ Hope Medical Center, 
Duarte (Cali/ornia, U.S.A.), September 3, 1962. 

s D. IL MORglSON aud E. F. WIt.I.IA.~IS }l~., .~r.ivnce ST, 15 {19:18}. 

F a c t o r s  w h i c h  I n f l u e n c e  N o r m a l  V a l u e s  f o r  S e r u m  

Lactic Dehydro~,enase in Mice 

N u m e r o u s  p a p e r s  on  lac t ic  dehydrogenase  (LDH) act iv-  
i ty  in  disease  h a v e  been  p u b l i s h e d  b y  inves t iga to rs  in b o t h  
clinical a n d  e x p e r i m e n t a l  medic ine  z,2. A l though  these,  as 
well as s tud ies  on  e n z y m e  levels in  ch icken  p lasma  3 and  
h u m a n  se rum% h a v e  p rov ided  ex tens ive  d a t a  on normal  
L D H  a c t i v i t y  in  a v a r i e t y  of a n i m a l  species, l i t t le  a t t e n t i o n  
has  been  g ivcn  to t he  poss ib i l i ty  t h a t  in t r ins ic  factors m a y  
inf luence e n z y m e  ac t iv i ty ,  Of i n t e r e s t  is the  observa t ion  
by  BIERMAN et  al. ~ t h a t  s e rum L D H  levels in chi ldren,  up 
to 14 years  of age, are  h ighe r  t h a n  in adul t s .  

The  ob j ec t i ve s  of t he  p r e s en t  s t u d y  were to de te rmine  
the  effects  of sex, age a n d  s t r a i n  on  L D H  ac t iv i ty  in 
mouse  se rum.  Concur ren t ly ,  d a t a  were ob ta ined  re levan t  
to  s e r u m  L D H  levels  in  n o r m a l  mice.  

Materials and Methods. Blood  was ob ta ined  b y  tai l  
b leeding f r o m  mice  of 5 i n b r e d  s t r a i n s  (A/Fg, C3H/Fg,  
C57BL/Fg ,  L C S a / F g  a n d  MOB/Fg) .  E a c h  s t r a in  was rep- 
resen ted  b y  50 a n i m a l s  wh ich  were  subd iv ided  in to  5 age 
groups  (5 ma le s  a n d  5 females  pe r  group).  Sera  were 
collected b y  r o u t i n e  l a b o r a t o r y  p rocedures  a n d  s tored for 
a m a x i m u m  of 7 days  a t  -- 30°C. S e r u m  L D H  ac t iv i ty  was 
d e t e r m i n e d  b y  t h e  m e t h o d  of HENRY et  al. 6 in a B e c k m a n  
D U  s p e c t r o p h o t o m e t e r  a t  340 mtz (Tungs ten  l amp source). 
All resu l t s  were  co r rec ted  to  32°C. 

Results. The  effects  of sex, age and  s t r a in  on mouse 
serum L D H  a c t i v i t y  were  ana lyzed  b y  means  of analysis  
of va r iance .  On ly  one  s ign i f ican t  effect, t he  in te rac t ion  of 
age a n d  s t r a i n  (F  = 2.05; p ~ 0.05), was found. These 
f indings i n d i c a t e  t h a t  mice used in a g iven  expe r imen t  on 
L D H  s h o u l d  be  f r o m  t h e  s ame  s t r a in  a n d  app rox ima te ly  
the  s ame  age. T h e  sex of t he  an imal ,  b y  itself or inter-  
ac t ing  w i t h  age a n d / o r  s t r a in ,  does  no t  appea r  to  have  a 
s igni f icant  ef fec t  on  m o u s e  s e r u m  L D H  act iv i ty .  

The  n o r m a l  r anges  a n d  m e a n  va lues  for levels of se rum 
L D H  in 5 i n b r e d  s t r a i n s  of mice are  shown  in the  Table.  
The  r e a d e r  is c a u t i o n e d ,  however ,  to  use these  d a t a  as 

guideposts  r a t h e r  t h a n  abso lu te  figures since i t  h a s  been  
suggested t h a t  each labora tory ,  because  nf v a r i a t i o n s  in 
procedures,  de te rmine  its own no rma l  LDH values  =. 

Among the  250 samples  tes ted,  26 sera  which  did no t  
show hemolysis= were found to h a v e  enzyme  ac t iv i t i es  
which  were s ignif icant ly  e levated.  The  es tab l i shed  ub iq-  
u i ty  of po lyoma virus in mouse colonies ) and  recen t  s tud ies  
which have  demons t r a t ed  a n  increase in L D H  a c t i v i t y  
following the  inoculat ion of mice wi th  f i l t ra tes  of a v a r i e t y  
of mur ine  tumors  a suggested it possible e x p h m a t i o n  for 
this  phenomenon.  Sera were ob ta ined  from 50 mice a n d  
tested,  by  hemagg lu t ina t ion  inhib i t ion  procedures,  for the  
presence of po lyoma virus an t ibody .  The  failure to d e m o n -  
s t ra te  a n t i b o d y  in any  of the  samples  indica tes  t h a t  the  
e levated serum L D H  levels found in our  n o r m a l  mice are  
no t  re la ted to infect ion of these an imal s  wi th  po lyoma  
virus.  These  f indings do not ,  however ,  exclude  the  role of 
o ther  viruses.  

Final ly,  i t  should be no ted  t h a t  the  26 samples  w i th  
increased L D H  act iv i t ies  were res t r ic ted  to an ima l s  f rom 
3 of t he  5 inbred  s t r a ins  (A/Fg, L C S a / F g  and  MOB/Fg) .  
Al though  no  def ini t ive  s tudies  have  been  made,  the  fact  
t h a t  the  LCSa/Fg and  M O B / F g  s t r a in s  o r ig ina ted  f rom a 
CBAN male × A/Fg  female cross and  an  A/Fg  male  × CBAN 
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Normal values for serum LDH in 5 inbred strains of mice 

Strain Number Age (months) 
of 1-3 
mice Range Mean 

4-6 7-9 10-12 
Range Mean Range Meau Range Mean 

13+ 
Range Mean 

C3H]Fg 50 
C57BL/Fg 50 
A/Fg 50 
LCSa/Fg 50 
MOB/Fg 5O 

950-2050 1450 1200-2650 1 8 5 0  1100-2.150 1550 500-1900 1,100 700-2.100 
950-2050 1 ' 2 0 0  1250-2100 1 6 5 0  1200-2350 1 9 0 0  1050-1900 1,150 8511-2050 
850-2450 1450 650-3250 1600 800-3300 1 4 0 0  1000-4'200 25511  F~50-5:|50 

1250--3050 1600 750-2550 1700 700-3700 ' 2 1 5 0  1;~50-3250 2 ' 2 0 0  1150-i25o 
850-3650 1550 750-5300 1650 750-4250 1950 660-3850 16011 1200-3'250 

1550 
|,100 
2750 
2050 
'2;150 


