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In  the two preceding papers of this series 1, 2 a description has been given of the 
reaction with KCN of various derivatives of vi tamin Ba~, furtheron designated in this 
paper  as "Bx~". I t  has been shown tha t  this reaction, bo th  with Barb and the one or 
several forms in which  the active substance occurs in the liver (provided certain specified 
conditions were maintained),  always leads to the formation of a substance, indistinguish- 
able f rom B ~  itself by  its spectrum and by  paper part i t ion chromatography.  That  this 
substance actually is identical with B12 has been lately demonst ra ted  both  by  BRINK 
et al. 3 and by  our group 4, though we arrived at this conclusion along quite different lines 
from these investigators. 

The reaction with KCN allows the assay of liver-extracts, which do not  contain 
undu ly  large amounts  of coloured contaminations.  Under the influence of KCN, not  
only a colorimetric determination becomes possible, but  also the ch romatography  of 
the extracts,  as a p repara tory  step to remove other interfering colours. On the other 
hand  without  KCN, chromatography  frequently gives rise to several, instead of to one 
single red band. 

The object of this paper  is to describe this assay, and to compare the results with 
those obtained with microbiological methods.  Both  L. lactis Dorner  and L. Leichmanni i  
were used, the first one in the "cup  plate"  assay described by  CUTHBERTSON s and with 
the  turbidimetric method,  the second one with the turbidimetric method  only. 

MATERIAL AND METHODS 

Material 

The liver fractions used ior the chemical determinations were all prepared by N.V. Organon. 
They contained about 0.2 % of Bls and mostly brownish and yellow impurities in amounts sufficient 
to give the powders a pink to buff eoloured appearance. 

Some samples ot commercial products, obtained in the open market, and some very crude liver- 
extracts were included in the microbiological assays. The activity of these products has not been 
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checked  cl inically b y  us, a n d  in t he  m a j o r i t y  of t he  cases  i t  was  beyond  t he  scope of t h e  chemical  
assay .  

Microbiological methods 

a. Lavtobasillus Leiehmannii (A.T.C.C. 4797) 

The  cu l tu re  was m a i n t a i n e d  on a m e d i u m  of s k i m m e d  mi lk  wi th  add i t ions  of t o m a t o  juice and  
y e a s t  ex t r ac t  and  was  t r ans fe r red  eve ry  15 days .  

The  m e d i u m  for t he  microbiological  a s s a y  was  t h a t  of SKEGGS et al. s wi th  t he  add i t ion  of th io-  
glycollic acid. Th i s  m e d i u m ,  filled in  t e s t  tubes ,  was  au toc laved  for s ix  m i n u t e s  a t  lO8-11o ° a f te r  
t he  B i t  h a d  been added  in accu ra t e ly  m e a s u r e d  quan t i t i e s .  No de tec tab le  loss of  th i s  v i t a m i n  by  
t he  au toc l av ing  process  ha s  been observed.  

E a c h  t ime  t h e  cu l ture  for t he  inocu la t ion  was  ob ta ined  by  t r ans fe r r ing  one drop of t he  s k i m m e d  
mi lk  cu l ture  to  5 ml  of t h e  m e d i u m  con ta in ing  5 m ~  of Bxt. I t  was  i n c u b a t e d  a t  4 °0 for 24 hours .  
Af ter  four  wash ings  wi th  2o ml  o . 9 %  saline, t he  bac te r ia  suspens ion  was  a d j u s t e d  tu rb id ime t r i ca l ly  
to a c o n s t a n t  opt ica l  dens i ty .  T h i s  su spens ion  was  used  for t he  inocula t ion  of t he  t e s t  t u b e s  for t he  
assay .  These  t u b e s  were t h e n  m a i n t a i n e d  a t  4 °0 e i ther  in t h e  a i r  for 48 hour s  or  in CO t - con ta in ing  
jars  for 24 hours .  For  each  a s s a y  a series in dupl ica te  was  p repa red  wi th  o, o.o5, o . i ,  o.15, 0.2, o. 3 
a n d  o. 4 m 7 B i t  per  5 ml .  The  a s s a y  of each  sample  was  pe r fo rmed  wi th  th ree  different  doses in 
dup l i ca te  r u n s  a n d  repea ted  af te r  some  days .  W i t h  th i s  scheme,  resu l t s  were ob ta ined  wi th  a n  ave rage  
error  of  less t h a n  =t= IO% ~. 

b. Lactobacillus lactis Dorne r  (Lactobavillus lactis Orla Jensen ,  BERGEY et al., s t r a in  I I75  s) 

L. lactis Dorner ,  f u r t he ron  des igna t ed  as L L . D . ,  is  weekly  t r ans fe r red  on mi lk  ( i o %  yeas t -  
au to lysa te )  a n d  s to red  a t  4 °. Da i ly  t r ans fe r s  on basa l  m e d i u m  (o.o 5 /~g Baz/l), i n c u b a t e d  for 24 hour s  
a t  4 o°, are  used  as an  inocu lum.  I n c u b a t i o n  t e m p e r a t u r e  4 o°. 

Culture medium A m o u n t  for xooo ml  
(double s t rength)  

A. s o d i u m  ace t a t e  12 g 
casein,  acid hyd ro l y sed  6 g 
e n z y m a t i c  d iges t  of  casein,  nor i t  t r ea t ed  o. 3 g 
sa l t  m i x t u r e s  A a n d  B, according to TEPLY 

AND ELVEHJEM 9, each  io  ml  
fumar ic  acid 500 m g  
DL- t ryp tophane  ioo  nag 
DL-methionine,  L-cystine,  DL-alanine, each  5o m g  

• aden ine  su lpha te ,  guan i ne  hydrochlor ide ,  
uracil ,  each  2o m g  

x a n t h i n e  8 m g  
B. oxa loace ta te  500 m g  
C. glucose 3 g 

D-calc ium p a n t o t h e n a t e ,  pyr idoxine ,  r ibo- 
flavin, n iac in  a n d  t h i a m i n e  hydrochlor ide ,  

each  4oo/~g 
p -aminobenzo ic  acid, biot in,  p teroyl -  

g l u t a m i c  acid, each lO/~g 

The  s u b s t a n c e s  u n d e r  A are d i sso lved  in  8o0 ml  aq.  dest . ,  t h e  m e d i u m  is a d j u s t e d  electro- 
me t r i ca l ly  to PH 6.9-7,  hea t ed  un t i l  a p rec ip i ta te  flocculates,  a n d  t h e n  filtered. The  oxa loace ta te  is 
added  a n d  t h e  so lu t ion  is s ter i l ised t h r o u g h  a s in te red  glassfilter.  The  v o l u m e  is b r o u g h t  to Iooe  ml  
wi th  a s ter i le  so lu t ion  con ta in ing  C. 

cup plate assay 

Io  ml  of a 24 hou r s  cu l tu re  of  L L . D .  is cen t r i fuged  a n d  washed  twice wi th  t he  s a m e  a m o u n t  
of  basa l  m e d i u m ;  f inal ly t h e  cells are  r e s n s p e n d e d  in IO ml  basa l  m e d i u m .  A m i x t u r e  of 17. 5 m l  of  
basa l  m e d i u m  a n d  i7.  5 ml  3 %  Bac to  aga r  in wa te r  is m a d e  (at 5o ° C), inocu la ted  wi th  o. 4 m l  ceal- 
suspens ion ,  a n d  pou red  in to  a per fec t ly  f lat  Pe t r i  dish.  F ive  14 m m  holes  are p u n c h e d  in each  pla te .  

F r e s h l y  p repa red  so lu t ions  of Bx8 in s ter i le  dis t i l led water ,  con t a in ing  o.oi8,  o.o55 , o.166, o. 5 
a n d  I.  5 /~g Bts per  m l  a re  used .  T h e  u n k n o w n s  a re  d i lu t ed  to  t h e  expec ted  po t ency  in t h e  s a m e  way.  

E a c h  cup  is  filled wi th  two s t a n d a r d  drople t s  (o.o6 ml) of t he  s t a n d a r d  or u n k n o w n .  
F ive  cups  (on five different  plates)  are  used  for each  d i lu t ion  or 25 cups  for each  sample .  The  

p la tes  are i n c u b a t e d  for a b o u t  24 hour s  a t  4 o°. S u b s e q u e n t l y  t h e  d i a m e t e r  of  each  g rowth-zone  is 
measu red  in  th ree  different  direct ions,  a n d  t h e  m e a n  of t he  t h r ee  m e a s u r e m e n t s  recorded.  
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Calculation o/results 

As the  re la t ionship  be tween  t he  g rowth  zone and  t he  l o g a r i t h m  of t he  concen t ra t ion  was l inear,  
t he  regress ion coefficient of the  log dose-response  curve  of each  s a m p l e  was  c o m p u t e d  wi th  the  m e t h o d  
of leas t  squares ,  and  f rom t he  regress ion coefficients of s t a n d a r d  a n d  u n k n o w n  a n d  the  m e a n  responses  
t he  a m o u n t  of BI~ in t he  u n k n o w n  was calculated.  

Tube assay 

Dilu t ions  of s t a n d a r d  or u n k n o w n  are  added  to 5 m l  of double  s t r e n g t h  m e d i u m  in t e s t  tubes ,  
t he  vo lume  is m a d e  up  to IO ml  a n d  t he  t u b e s  closed wi th  me t a l  caps.  The  Bx~ s t a n d a r d  is used  in 
steri le solut ion,  s to red  in ampoules ,  con ta in ing  15 pg  pure  BI~ per  ml .  Th i s  solut ion is d i lu ted  to give 
a final concen t ra t ion  of 6. IO -5/~g BI~ per  ml .  

o, 1.5, 2, 2. 5 a n d  3 ml  a l iquots  of t he  s t a n d a r d  Bx~ solu t ion  are  added  to a series of tubes ,  
4 repl icate  t ubes  being used  a t  each level  of Bxs. 

The  u n k n o w n s  axe d i lu ted  accord ing  to the  an t i c ipa t ed  p o t e n c y  and  a l iquots  are added  in t he  
s a m e  w a y  as the  s t a n d a r d  Blz solut ion.  Af te r  t he  add i t ion  of s t a n d a r d ,  u n k n o w n ,  or  water ,  each  t u b e  
is inocu la ted  wi th  one drople t  of a i :2o d i lu t ion  of t h e  u n w a s h e d  2o hour s  subcu l t u r e  of L .L.D.  
The  t ubes  are  t h e n  s h a k e n  to  ensure  comple te  mixing .  Usua l ly ,  g rowth  is sa t i s fac to ry  a f te r  14 hour s  
(4o°), b u t  an  i ncuba t ion  of 16-17 hou r s  is used  to ensure  m a x i m a l  dif ferent ia t ion.  

Af ter  incuba t ion ,  t he  bacter ia l  g rowth  is m e a s u r e d  t u rb id ime t r i c a l l y  in a Moll ex t inc tome te r .  
The  ex t i nc tome te r  r ead ing  is p lo t ted  aga i n s t  t he  concen t r a t i on  of B12/ml. Th i s  g r aph  is employed  

to ca lcula te  the  BI~ c o n t e n t  of  t he  u n k n o w n .  

Colorimetric assay 

Principle. By incuba t i on  wi th  K C N  a t  PH 5 -5,  al l  BI~ c o m p o u n d s  f rom the  l ive r -ex t rac t  are  
conver t ed  to Bls. The  solut ion can  now be c h r o m a t o g r a p h e d  over  neu t r a l  A1203, g iv ing on ly  one 
b road  red  band .  Af ter  e lu t ion  t he  colour  can  be read  a t  548 mp .  

Reagents 

a. Aluminium oxide. One kg AI~O 3 according to BROCKMANN is su spended  in 2 1 of water .  Whi l e  
s t i r r ing  t he  suspens ion  is neu t ra l i zed  first w i t h  glacial,  l a te r  on wi th  8 %  acetic acid un t i l  green to 
b r o m o t h y m o l  blue (external  indicator) .  

The  ac id i ty  of t he  so lu t ion  shou ld  r ema in  u n c h a n g e d  in t he  course  of IO minu te s ,  o therwise  
some  more  acetic acid shou ld  be added.  

The  prec ip i ta te  is s epa ra t ed  by  decan ta t i on  a n d  washed  severa l  t imes  wi th  t ap  water ,  l eav ing  
t h e  f inest  ma te r i a l  in t h e  water .  To r emove  all  c loudiness  (which m a y  ser ious ly  interfere  wi th  t he  
colorimetr ic  de te rmina t ion) ,  t he  A1203 is poured  into a large c o l u m n  and  washed  un t i l  t h e  outf low 
is  spa rk l ing ly  clear. Th i s  process  m a y  have  to be r epea ted  before a s ample  co lumn  of 2.5 g, as used  
in t he  analysis ,  g ives  a clear outflow. F ina l ly  t he  A1203 is first dr ied  in air  and  s u b s e q u e n t l y  a t  
I05--I IO °. 

The  fineness of  t he  powder  does no t  pe rcep tab ly  affect the  resul ts .  
b. f resh ly  p repa red  o.I % KC N solut ion.  
c. 0.o5 N N a O H .  
d. o.o5 N HC1. 

Apparatus 

a. C h r o m a t o g r a p h y  t u b e s  wi th  an  in t e rna l  d i ame t e r  of 7-7.5 m m ,  a per fora ted  glass  b o t t o m  
a n d  a glass  s topcock.  

b. A B e c k m a n  spec t ropho tomete r ,  mode l  DU,  or an  a p p a r a t u s  wi th  a s imi la r  sens i t iv i ty .  
c. An  i ncuba to r  or  w a t e r b a t h  a t  5o°-52°.  

Method 

T h e  sample  unde r  inves t iga t ion  shou ld  con ta in  f rom ioo-5oo  p g  of B12 in o.5-1 ml  of water .  
To th i s  so lu t ion  is added  o. 5 ml  of t he  f resh ly  p repared  K C N  solut ion.  The  PH is a d j u s t e d  wi th  

0.o 5 N acid or a lkal i  to  5.o-6.5 w i t h  t he  a id  of Un ive r sa l  ind ica tor  paper .  Th i s  so lu t ion  is kep t  in t he  
da rk  for 3 hou r s  a t  52°. I t  can  also be left  ove rn igh t  a t  r oom t e m p e r a t u r e .  Af ter  all  c o m p o n e n t s  
h a v e  t h u s  been  conver t ed  to  B12, t he  solut ion is fi l tered t h r o u g h  a c o l u m n  of 2. 5 g A1908. A t  t h e  
b o t t o m  of t h e  t ube  on t h e  per fora ted  d isk  shou ld  be a sma l l  pape r  filter and  no co t tonwool  plug,  
as  t h e  l a t t e r  s t rong ly  re t a ins  Bls.  T he  l e n g t h  of t he  c o l u m n  is a p p r o x i m a t e l y  7 cm.  The  vo lume  of 
t h e  B12 so lu t ion  shou ld  be as  sma l l  as possible, and  in t r ans fe r r ing  th i s  so lu t ion  to t he  c o l u m n  t h e  
m i n i m u m  a m o u n t  of l iqu id  shou ld  be used  to r inse t he  walls  of t h e  con ta ine r  in  order  to ensure  
na r row bands .  The  c h r o m a t o g r a m  is developed wi th  water ,  a n d  t he  red e luate  is collected. Th i s  
solut ion u sua l l y  is  f a in t ly  alkal ine.  T he  PH is a d j u s t e d  to 5.o-6.5, a n d  af te r  t he  vo lume  V has  been 
measured ,  t h e  solut ion is  lef t  in  t h e  da rk  for ~ - i  hou r  in  order  to decompose  a n y  of the  "a lka l ine  
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reaction product" which might have formed (described in the second paper of this seriesa). Subse- 
quently the extinction E is measured in the spectrophotometer at 548 m/,. Using a i cm cuvette, 
the total amount of BI2 present can be calculated from the formula: 

E.V. lO 4 
#g BI~ --  _ _  + / 

64 

With the A120 s used, the factor 64, obtained for the extinction of pure Bxz solutions could be 
used, indicating a quantitative recovery, and the correction factor ] equalled zero. With other batches 
of AlzO 3 one might be less fortunate, having to apply a correction factor on the numerator or / might 
not be zero. 

I t  should be mentioned that  pure Blz under identical circumstances is strongly retained on the 
column. Therefore the process described is clearly a displacement chromatography, the impurities 
present in the fraction investigated being stronger adsorbed than Bxv However, as soon as other 
chromogenic factors are removed by further purification of these extracts, the necessity to use this 
technique becomes less imperative as the extracts can be measured without chromatography. 

In case comparatively dilute solutions have to be assayed such as those used clinically, the 
volume should first be brought down considerably. This can best be done by lyophilizing the ap- 
propriate quantity of the sample and subsequen*ly dissolving it again in as small a volume of water 
as possible. 

Equally good results can be obtained by careful vacuumdiscillation, provided some KCN is 
added first and the PH is maintained between 5 and 6. 

RESULTS 

a. The influence o / K C N  on the microbiological assay 

In  t h e  co lo r ime t r i c  assay,  a l l  Bx2 is c o n v e r t e d  in to  t h e  c y a n o - c o m p l e x .  I t  h a d  to  be  

p r o v e d  t h a t  t h e  c o n j u g a t e s  p r e sen t  in t h e  l i v e r - e x t r a c t s  showed ,  mo le  for  mole ,  mic ro -  

b io log ica l ly  t h e  s a m e  a c t i v i t y  as t h e  c y a n o - c o m p l e x ,  as  o the rwise  no  co r re l a t ion  b e t w e e n  

mic rob io log i ca l  a n d  co lo r ime t r i c  d e t e r m i n a t i o n s  cou ld  be  e x p e c t e d .  

A t  first  i t  a p p e a r e d  as if  t he  c y a n o - c o m p l e x  s h o w e d  a g r e a t e r  a c t i v i t y  t h a n  t h e  

c o m p o u n d s ,  f o u n d  in t h e  l i ve r - ex t r ac t s ,  w h e n  m e a s u r e d  w i t h  t h e  t u r b i d i m e t r i c  b ioassay .  

L i v e r - e x t r a c t s  t r e a t e d  w i t h  K C N ,  t e n d  to  show a h ighe r  v a l u e  mic rob io log i ca l l y  t h a n  

t h e  s a m e  w i t h o u t  K C N .  Th i s  effect  is c lea r ly  d e m o n s t r a t e d  b y  t h e  resu l t s  of t he  t u r b i d i -  

m e t r i c  assay,  r e c o r d e d  in T a b l e  I ( the cup  p l a t e  a s say  wil l  be  d i scussed  in sec t ion  c). 

TABLE I 

Bll  ASSAYS WITH DIFFERENT METHODS. SOLUTIONS NOT STERILE. RESULTS IN ~,g B18/ml. PREPARATIONS 
SUITABLE FOR SPECTROPHOTOMETRIC ASSAY AFTER KCN ADDITION WITHOUT CHROMATOGRAPHY 

Code 

B 1 

82 I I  
82 I I  
5663 
5875 
6468 

L. laclis Dorner L. Leichmannii 

turbidimetric turbidimetric cup plate 

no KCN with KCN 

46.4 34.4 
21.33 7.5 
18. 4 14.8 
63.9 31.8 

44.6 18.6 
34.1 15.6 
47.4 35.3 

no KCN with KCN 

17.3 42.7 
6 16.9 

8.1 14. 4 

13.7 13.7 
lO. 4 2o.1 
12.3 31.6 

no KCN with KCN 

18.3 33"0 I 
I7. 3 16.1 
22. 3 36.1 
lO. 7 25.2 
21.6 34.4 
15.8 22. 7 
11.8 29.8 
I5.6 31.2 

Spectro- 
photometric 

35.I 
16.4 
37.4 

39.8 
21.6 
29.4 
30.6 

T h e  di f ference  cou ld  be  t r a c e d  to  t h e  g r e a t e r  s t ab i l i t y  of t he  c y a n o - c o m p l e x  in t he  
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following way. A series of 3 samples were assayed with and without KCN. There was 
a lapse of time of 2 9 days between the preparation of the solutions and the actual assay. 
The results are reported in Table n .  The results of the KCN-containing samples were 
all higher than those without KCN, and confirmed the spectrophotometric determination. 
After a total of I I I  days the tests were repeated. The difference between the samples 
with and without KCN was considerably greater than in the first assay. Finally KCN 
was added to those solutions which originally did not contain it and the assay repeated 
the next day, but no increase in activity was observed. KCN therefore has a stabilizing 
and not an activating effect. 

TABLE II 

INFLUENCE OF KCN ON ASSAY RESULTS. SOLUTIONS NOT STERILE. RESULTS IN #g Bl2/ml. ASSAYS 

WITH L.L6ichma~n~. PREPARATIONS SUITABLE FOR SPECTROFHOTOMETRIC ASSAY AFTER KCN ADDITION 

WITHOUT CHROMATOGRAPHY 

Code 

5663 
5875 
6468 

Spectro- 
photometric 

21.6 

29.4 
3o.6 

After 29 days 

solution A solution B 
(no KCN) (KCN) 

15.8 22.7 
11.8 29.8 
I5.6 31.2 

After I I I days 

solution A 

no KCN + KCN 
before assay 

9-7 9.6 
7.9 8.2 
9.4 lO.2 

solution B 
(KCN) 

25.5 
31.3 
33.5 

I t  was observed that  the KCN effect was absent when the assay samples were 
sterile. I t  is therefore assumed that  the stabilizing action of KCN is due to the greater 
stability of the cyano-complex against bacterial at tack in comparison to the other 
modifications of B~. 

A difference in stability between B~  in liver-extracts and the crystalline substance 
has also been described by  HOFFMANN et al. 1° 

From Tables I and I I  it appears that  the values of the microbiological assay do 
not exceed those of the colorimetric determination within the error of the experiment. 
The latter determination was always performed immediately after the solutions had 
been made. Bacterial interaction with the Bx, was therefore excluded during the 
chemical assay. 

The values obtained for samples, without KCN (columns 2, 4, 6 in Table I) are 
without any real meaning, none of these samples being strictly sterile. They are included 
to show how great the destruction owing to the contamination by  bacteria may  be, 
notwithstanding the presence of toluene, which was added as a routine. 

b. The correlation between microbiological and colorimetric assay 

From the preceding section it follows that  reliable microbiological determinations 
are only possible if decomposition by bacterial a t tack is avoided. 

This can be done either by the addition of KCN to give the stable cyano-complex, 
by  sterile working methods, or by  cutting the time between the pleparation of the 
solution and the actual assay sufficiently short as to give infections no time to develop, 
and preferably by  a combination of all these precautions. As for technical reasons the 
time factor was beyond our control, only those assays with KCN or with sterile solutions 
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can be rel ied upon  and  be used for the  compar ison  be tween the  two types  of assays.  
In  Table  I the  solut ions men t ioned  were su i tab le  for color imetr ic  assay  wi thout  

t he  a id  of a ch roma tog raph ic  separa t ion  f rom coloured impuri t ies .  They  serve to  demon-  
s t r a t e  tha t ,  if the  theore t ica l  ex t inc t ion  of pure  B ~  is used  in the  formula,  a fair  agree- 
men t  is observed  be tween  the  assays  wi th  L.L.D.  and  L.Le ichmanni i  and  the  colori- 
met r ic  de te rmina t ion .  

I n  less pure  samples,  which first have  to  undergo  ch romatograph ic  pur i f icat ion t h e  
correspondence  be tween  the  different  assays  is equa l ly  sa t i s fac tory ,  as appears  f rom 
Table III, thus  p rov ing  t h a t  no a c t i v i t y  is left on the  column. 

TABLE I n  

B12 ASSAYS OF LIVER FRACTIONS. RESULTS IN ~ g  B12 PER IOO mg POWDER. 

CHROMATOGRAPHED FOR SPECTROPHOTOMETRIC ASSAY 

I 
Speetro- 
,hotometric 

439 44 ° 441 

315 385 3 I I  

338 362 294 

442 

L,. Leich- 
mnnii 

342 

347 
322 

Mean difference: - -  0.59 % 4- 1.8~0 
* Results obtained with two different batches of AltO 8 

443 

294 

286 

444 445 446 

327 407 342 3IO 

305 408 366 

On the  o ther  hand,  in all  cases men t ioned  in Table  IV, the  chemical  de t e rmina t ion  
has been made  on solutions,  con ta in ing  a p p r o x i m a t e l y  IO/~g B ~  per  ml, which were 
concen t r a t ed  a t  low t e m p e r a t u r e  or lyophi l ized  before the  ch roma tog raphy .  "These 
solut ions  were all  sleri le.  

TABLE IV 

B I t  ASSAYS WITH DIFFERENT METHODS. ALL SOLUTIONS STERILE AND WITHOUT KCN. RESULTS IN JMg 
Blt/ml. SOLUTIONS CHROMATOGRAPHED FOR SPECTROPHOTOMETRIC ASSAY 

Code 

439 
440 

NS 441 
NS 442 

4420 
44220 
44237 
44252 

443 
444 

IOOIO 
100152 
N442 
N441 

L.lactis Dorner 

cup plate 

7.5 
13.7 
19.1 

turbidimetric 

6.I; 9.6 
8.6 
9.I 

IO.O 

10.2 

L. Leichmannii 
turbidimetric 

6.9 
9.0; 9.8 

7.7 
9.7; 8.8 

II.I 

IO. 5 

IO. 3 

8.9 
8.6 
9.0 

IO. 4 

9.6 
9.2; 8.8 

7.9 

Spectro- 
photometric 

6.8 
9.5 
7-3 
8.4 

I I . O  
IO.2 
IO.2 

8.3 
8.45 
8.I 

IO. 4 
9.8 
7"7 
7.0 
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The average result of the spectrophotometric determination falls 4.5 % below that  
of the L.Leichrnannii  assay. The standard error of the percentage deviations of the 
latter assay compared to the first, is 5.2. A correction factor of 1.o45 in the numerator  
of the formula for the calculation of the B12 content from the extinction is therefore 
indicated to bring the two series of observations in agreement. This correction might 
be due to losses occurring during the distillation, or to the presence of a preservative 
(Nipagin) in the original solutions. 

c. The cup plate assay 

In our experience the cup plate assay is easier to handle than the two other micro- 
biological methods described in this paper. The method usually works and gives a result, 
but unfortunately this result must be considered with suspicion. 

The reproducibility of the cup plate assay is satisfactory if strictly comparable 
samples are considered. With the technique described a series of I I  assays was made 
of crystalline B~ as unknown against the same substance as standard. A standard error 
of 4- 2.8 % for a determination with 25 cups for standard and for unknown was cal- 
culated. According to FOSTER et al. 11 the standard error for a series of 3 cups both for 
standard and unknown is approximately ~ lO%. 

However, if less pure samples are compared with a crystalline standard, another 
complication arises. In a series of 36 samples, containing about 0.2-0.4% B~ calculated 
on the dry substance, the regression coefficient of the log dose-response curve has been 
compared to that  of crystalline Blz. This regression coefficient has a value varying from 
2.0 to 2.5 if the response is expressed in mm. If, for each assay individually, the ratio 
between the regression coefficients for standard and unknown is calculated, its mean 
value for all 36 assays is 1.o 9 4- o.o16. With the pure samples the mean for I I  assays 
is 0.987 zL o.o16. 

The highly significant difference in slope may  not be apparent  in every single assay, 
but it cannot be due to one or two exceptional results in this series, as the values for 
the ratio show a normal distribution. Even with the apparently small ratio of the slopes 
of 1.o 9, a difference in result of 20% is quite well possible by varying the response level 
at which unknown and standard are compared. 

From Tables I, IV and V it is evident that  the cup plate assay, whether used for 
samples with or without KCN, may  give results strongly deviating from the other 
methods. The effect of KCN is often reversed, the samples without it showing the highest 
values. 

In the cup plate the presence of thymidine in the unknown does not interfere with 
the B= assay in the same way as it does in the turbidimetric method, and therefore 
the cup plate should be more specific. Yet in crude preparations, the results are usually 
much higher than those of the turbidimetric assay. This observation can best be il- 
lustrated by  the data of Table V. I t  should be borne in mind that  the evaluation of 
the activity is dependent on the level at which the curves for standard and unknown 
are compared, as they do not run parallel. 

D I S C U S S I O N  

As yet, a definite s tatement  about the merits of any microbiological Bm assay is 
more than can be given. All these assays are still quite t r icky and it appears from the 
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TABLE V 

Bx| ASSAY OF LIVeR-EXTRACTS OF DIFFERENT ORIGIN. RESULTS IN ~g Bxs/ml 

Code* 

L 614 
L619 
L 23 
L 25 

A 
B 
C 
D 
E 
F 

Cup plate 
L.L.D. 

1.8 
4.6 

vague zone 
5.2 
5.1 

lO.3 
thymidine + I 

44.4 
3.8 
6.2 

Turbidimetric 
L. Leichmannii 

1.5 
1.5 
1.6 
1.6 
2.2 
7-3 
0.8 

20.5 
I.O 
1.8 

* Samples L . . . . .  are 60% alcoholic extracts from liver 
Samples A, B, etc. are products obtained in the open market 

l i t e ra tu re  t h a t  m a n y  au thors  had  difficulties, in pa r t i cu l a r  wi th  the  L.L.D. ,  which t hey  
t r i ed  to  overcome in var ious  ways.  

SHAW 18 observed a decreasing sensitivity to B12 of his L.L.D. strain. MARY SHorn3 AND BRIGGS xs 
also found their assay less satisfactory after several transfers of their culture. GREENE et al. t4 described 
an effect of the amount of air dissolved in the culture medium which was quite considerable. W~LCH 
AND WILSON I5 pointed out that ascorbic acid and other reducing substances in a medium containing 
a tryptic casein digest, would give growth, in particular after autoclaving. KODITSCHEK et al. 16 found 
an influence of the presence of CO 2 and oxidizing agents. 

The complaints about L. Leichmannii are less frequent. SKEGGS et al. s observed that the presence 
of air had a certain influence on the result. The effect of reducing substances is also present, according 
to  STOKSTAD eta,/. 10,17 

I t  is obvious,  t ha t  even a p p a r e n t l y  minor  va r i a t ions  in the  technique  m a y  g rea t ly  
influence the  resul ts  and  the  reproduc ib i l i ty .  

The tu rb id ime t r i c  me thods  appea r  to  be somewhat  more  difficult to control  t han  
the cup p la te  assay,  and  of these two, the  one us ing L.  L e i c h m a n n i i  appears  to be more 
su i tab le  than  t h a t  wi th  L.L.D.  This  eva lua t ion  of necess i ty  bears  a subjec t ive  character .  
I t  is qui te  well possible  t h a t  o ther  inves t iga tors ,  wi th  a s l igh t ly  different  me thod  come 
to o ther  conclusions. 

The cup p la te  assay  with  L.L.D.  has  not  been ve ry  sa t i s fac to ry  in our  hands ,  g iv ing 
only  a ve ry  a p p r o x i m a t e  idea of the  B ~  content .  In  the  hands  of o thers  i t  m a y  prove  
to  be more  specific and  more  rel iable,  bu t  th is  proof  cannot  be given b y  s imply  stressing 
the  smal l  s t a n d a r d  devia t ion.  In  order  to  make  i t  acceptab le  i t  would also be necessary  
to  show tha t ,  wi th  another  technique  than  the  one employed ,  the  slope of the  dose- 
response curve is i ndependen t  of the  p u r i t y  of the  samples  under  inves t igat ion.  Tha t  
th is  slope m a y  v a r y  wi th  the  p u r i t y  is an effect, which, af ter  all, can be an t ic ipa ted .  
In  the  tes t  tube  assay  the  number  of var iables  is a l r e a dy  qui te  large.  In  the  cup p la te  
assay  some add i t iona l  factors  are also involved.  One of the  essent ia l  condi t ions  is the  
equa l i t y  of the  diffusion coefficients of s t a n d a r d  and  unknown.  The ie  is no reason to  
assume wi thou t  fu r the r  proof  t h a t  the  diffusion coefficient of the  B ~  complex  in l iver  
(p robab ly  l inked  to  a po lypep t ide  or p ro te in  S) will be  equal  to  t ha t  of the  crys ta l l ine  
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cyano-complex used as a standard.  The data  of Table I of the results of the cup plate 
assay might  indicate tha t  the Bxz-protein complex has a greater diffusion coefficient than  
the cyano-complex.  Another  possible explanat ion is the different rate of adsorpt iont  hese 
complexes might  have on the agar gel employed in the plate. Fur the r  more, in crude 
or in electrolyte containing preparat ions with a high osmotic pressure, there m a y  be 
expected a flow of solvent towards the cup, interfering with the diffusion. 

All these possible sources of error, added to our unsat is factory results in practice, 
lead us to believe tha t  the cup plate in the form as outlined in this paper, is unsuitable 
for accurate assays. The misleading results the cup plate m a y  give, have also been 
described by  HARTLEY et al. TM 

Of the assays in a liquid medium, the correlation between that  with L. Leichmannii 
and the spectrophotometr ic  method is the most  satisfactory. As the lat ter  is based on 
the extinction of pure B12 this means tha t  the forms, in which this v i tamin occurs in 
the liverextracts, are microbiologically just  as active as the equivalent  amount  of the 
cyano-complex within the limits of the experimental  error. We also observed tha t  Bx~ 
shows the same activity,  in agreement  with the results of PIERCE et al. TM 

In  t ransforming these complexes to the cyano-complex for the photometr ic  deter- 
mination,  no change in act ivi ty  is achieved. An apparent  increase, which m a y  be 
observed microbiologically is due to the stabilizing action of the KCN. 

The combinat ion of the microbiological and the spectrophotometr ic  assay gives as 
yet  the most  reliable results. I t  has not  be ascertained in how far the spectrophotometr ic  
method  can be used in extracts  of different origin, or prepared in a very  different way. 

There might  be complexes of B~  in which it is so firmly bound tha t  it cannot  be 
freed by  the addition of KCN, yet  shows its full clinical activity.  The factor, occuring 
in gastric juice, described by  TERNBERG AND EAKIN 20, which makes Bi ,  inaccessible to 
L.L.D., might  interfere, if it were present. In  the refined liver-extracts which were the 
subject of this investigation, no indications of the presence in appreciable amounts  of 
such firmly bound complexes were obtained. 

The colorimetric assay here proposed, is at first sight definitely more limited in its 
scope than that ,  proposed by  FANTES, IRELAND, AND GREEN 21 or by  BOXER AND 
RICKARDS 2~. Yet, its speed and simplicity make it very  useful for routine determinations 
in those cases, which fall within its range of possibilities. Before such a routine deter- 
minat ion is initiated with material  of different origin as tha t  used in this work, a check 
on the results by  means of a series of microbiological assays is required. 

SUMMARY 

I. After the addition of KCN, purified liver-extracts can be chromatographed on A120 a, the 
vitamin Bls being collected as one single band which can be measured spectrophotometrically. 

2. The values, thus obtained, agree satisfactorily with those of the L.Leichraannii and a little 
less with the L.laais Dorner assay, both in liquid medium. 

3. In our hands the cup plate assay with L.laais Dorner proved less satisfactory, the slope of 
the dose-response curve being dependent on the purity of the sample under investigation. 

R]~SUM~ 

i. La chromatographie sur oxyde d'alumine d'extraits de foie purifi6s et trait6s au cyanure de 
potassium, permet d'isoler la vitamine B12 et d'en d~terminer le taux par spectrophotom~trie. 

2. L'accord entre les r~sultats fournis par la m6thode spectrophotom~trique et la mesure micro- 
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biologique est  sa t is fa isant  dans  les essais en milieu l iquide avec L. Leichmannii et  l 'es t  un peu moins  
dans  les essais avec L. laais Downer. 

3. L 'essai  microbiologique sur g61ose (cup plate) avec L. lavtis Downer a donn6 des r$sultats  moins  
sat isfaisants,  la pen te  du trac6 6 tan t  fonct ion du degr6 de puret6 de l '~.chantillon soumis  A l 'essai. 

Z U S A M M E N F A S S U N G  

I. Gereinigte Leberex t rak te  k6nnen nach  Zufiigen yon KCN an AlzO ~ chromatograf ier t  wer- 
den;  Vi t amin  B12 wird als einzelnen Band  erhalten,  das spek t rophotomet r i sch  gemessen werden kann.  

2. Die so erhal tenen Wer te  s t immen  in befr iedigender Weise mi t  denen  iiberein, welche mi t  
L.Leichmannii erhal ten  werden, und  etwas weniger mi t  jenen yon L.lactis Downer, beide Male in 
fliissigem Medium bes t immt .  

3- In  unseren HAnden erwies sich der "cup plate  assay"  mi t  L.la~tis Downer Ms weniger befrie- 
digend, indem die Neigung der  Dosis-Wirkung Kurve  yon der  Reinhei t  des un te r such ten  Pri~parates 
abhlingt .  
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