
Displacement analysis on charcoal z, o has previously b( 
te separation of fat ty acids s, oligosaccharides 4, amino 
)lysates of proteinsT, s. The present paper presents a 
od, applied to studies on insulin, and to the purifi( 
H) peptides. 

)ne of the necessary conditions for the success of the, 
t the adsorption isotherms of the components in the r 
cost the same shape as those of the carriers. In a recen 
['ISELIUS 5 have shown that aromatic amino acids and 
more sharply curved isotherms, very different from 
ed molecules. Further, results from the application 
V purified preparation of bacitracin s indicate that tl 

carrier displacement metho~ 
mixture should have the sarr 

recent paper, HAGDAHL, WILLIAlV 
and small peptides form a grou 

substances consisting of m 
of carrier-displacement to 

the main component, a pol? 
;ht of 14oo-15oo, must also have a sharply curved isothern 
support of the view that the sharp curvature is probabl 
tide isotherms. 
te substance to be purified is the main component of tt 
~tion range can often be chosen in which the complicatior 
)therms are minimized; but so far no homologous series ( 
which could be used as a carrier to enable satisfactor 

t from another, or for enrichment of the active fractioJ 
~mponent dominates. 
t of adsorption and tendency to irreversibility of adsorptie 
~s which arise in connection with the chromatography ( 
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In those cases where the 
mixture, a suitable concentration 
due to the crossing of the isotherms 
compounds has been found 
separation of one component 
in a mixture where no one com 

A slow rate of attainment 
represent the chief difficulties 
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,.rs. The charcoal modified in this manner is a much 
adsorption characteristics. In extreme cases, no adsc 
e influence of pretreatment on charcoal for the sepa 
ds has been reported by HAGDAHL,  WILLIAMS AND TI: 
far charcoal has to be saturated in order to make chrol 
)ounds possible. 
Strongly charged molecules, whether positive or neg; 
¢ weakly. We have found that the charge exercises a 
of aromatic amines, which are strongly adsorbed in 
)nly weakly so in acid media 1°. The same has been 

and polypeptides. I t  is therefore possible to increa, 
ch compounds by changing the pH. 
It is considerably easier to develop suitable separatic 
active substance is to be separated from a mixture 

e components, since in that case adsorption and elu 
'. In the case of ACTH preparations we have thus fol 
ins on the charcoal if this adsorbent is not pretreate¢ 
low concentration of a strong saturator, such as n-( 
at be eluted, and is desorbed only incompletely by 
mtrations of the saturator, the recovery of the acti~ 
)e enhanced, and will finally be quantitative. At an 
aturator,  not far from the point of saturation cot 

paratlon procedures when a blolo{ 

of chemically similar but i 
elution can be followed by bi 
found that the active substan 

~retreated with a saturator. Moreove 
n-decanol, the active substan 

a strong displacer. At high 
active substance by displaceme 

even higher concentration 
concentration where practical 

~d, activity will be found in the elution part of the effluer 
of the saturator at which elution of the active substan 
.~rmined by the kind of charcoal used, the ratio of charcoe 
mentration of substance, etc., all factors which can easi 
be called the critical saturation point. 

~iologically active peptides, chromatography ought to 1 
rated as near as possible to the critical saturation poin 
ditions, the tendency to irreversible adsorption decreas 
approaches the limit ; it then becomes possible, as discuss~ 
,tire yield of the adsorbed substances. Furthermore, tl 

~lling t he  degree  of s a t u r a t i o n  is to pe r fo rm  t h e  ope ra t i on  in t 
a d s o r b e n t  w i t h  t he  s a t u r a t o r  solut ion.  The  cr i t ical  s a t u r a t i o n  poi  
t r a t i on  of t he  s a t u r a t o r  in t he  so lven t  a t  wh ich  the  ac t ive  c o m p o n e  

active 
assay. 
remains 
a t  a 

cannot 
concentrations 
will be 
the saturator 
complete recovery is obteined 
The limit of concentration of 
occurs in this manner is determin, 
diatomaceous earth, the concen 
be controlled. This limit will 

For the separation of biolo 
performed on charcoal saturated 
for elution. Under such con, 
rapidly when the saturation 
above, to obtain a quantitative 

* The  s imp les t  w a y  of controll in 
co lumn ,  t h o r o u g h l y  w a s h i n g  t h e  
co r r e sponds  to  the  ce r ta in  concen t r  
beg ins  to  appea r  in t he  e luate .  
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?he next  step in the enrichment  of the active componer  
active substance from other  contaminat ing  inactiw 

:ial. A t t empts  to accomplish this lat ter  separation by 
ver displacer concentrat ions have not  been successful 
n instead:  (a) sectional displacement procedure; i.e., 
m after the elution procedure and displacing the 
m separately, and (b) rechromatography on columns of d 
?he capaci ty  for adsorption of the active componen  
urated just  below the critical sa turat ion point  for elut 
lore s trongly adsorbed substances will be retained in 
m, the active substance will penetrate  a larger volu 
[ in lower sections of the column. Since the fraction. 
e of sectional displacement is part icular ly advantage,  
bed section can be displaced or eluted separately.  
~y submit t ing  the active fraction of a previous expe: 
in this case a concentrat ion of the sa tura tor  on th 

m of the active substance, it is possible to achieve a 
:ase the act ivi ty  is located in the displaced fraction, a 
conditions it is found in the eluate. 

eous since components  ol eaL 

~eriment to rechromatograph 
the other  side of the limit fi 

fur ther  separation. If  in tt 
after  rechromatography  und 

an and the solvent  conta iner  as connected in actual  operat ion a 
of their  cons t ruct ion  in Fig. I b. The container  consists of an out 
af lucite, an inner  reservoir, B, of glass, and a metal  base, F,  wi 
prevent  contac t  between the  solutions and the metal.  The contain 
the solution can be watched,  which greatly facilitates the procedm 
:o the metal  base which in t u rn  is joined to the upper  section of t 
Lhick-walled glass tube,  one end of which is drawn out  to a narr¢ 
ll-joint. This ball-joint fits into a concavi ty in the Teflon plug, 
plug to the  channel  in the  lower pa r t  of the glass container. T h  
uter cylinder, and the  reservoir fixed in a central  position• The ] 
Le top for convenient  filling, and a side channel, D, which conne¢ 

units  of coupled sections, according to the design of HAGDAHL 
a drop tip, P. All sections and connective par t s  are made of Tefl 
d in stainless steel; the lat ter  material  reinforces the column agai~ 
treads at  the connecting points  x~. This construct ion fulfils the dt 
ion of the solutions by  the metal  chlorides which would be form 
L metals,  and at  the same time, of permi t t ing  easy filling. 

B 
using 
elution 
first case 
such 

A pparalus 
The chromatographic  column 

shown in Fig. I a, and the detail of 
cylinder, A, and a lid, C, made  of 
a plug, G, of Teflon, the  lat ter  to  
is t r anspa ren t  so t ha t  the level of the 
The outer  cylinder is screwed into 
column. The reservoir is a wide thick-wa 
channel  ending in a ground ball- 
connecting the  channel  in the t 
the lid, C, is screwed onto  the outer  
has two openings, one, E, at  the 
wi th  an air pressure  line. 

The column is built  up  of 
ending in an end piece, O, wi th  a 
(for example I in Fig. Ib) encased 
breakage and s t rengthens  the threads  
purpose of avoiding contaminat ion  
by  the corrosive effect of HC1 on 
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ncreases. In a series of experiment 
analysis is performed in two step 
ance which can be eluted increas( 
fiat. On the assumption tha t  the 
more strongly onto the charcoal, x 
e critical sa turat ion point of the a 
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ntains the active substance as well 
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g. I a. A p h o t o g r a p h  of t he  c h r o m a t o g r a p h i c  c o l u m n  for e lu t  
b. Cons t ruc t i on  of t he  c h r o m a t o g r a p h i c  co lumn.  So lven t  con 
iner ;  C, lid ; D, connec t ion  to air  p res su re  reservoir ;  E,  screw t( 
flon p lug ;  W, washers .  C o l umn  sec t ion:  H, s ta in less  s teel  sup] 
ton  t u b e ;  K ,  pe r fo ra ted  Teflon disc;  L 1, L~, filter papers .  Coi 
~flon p lug ;  W, washers .  E n d  piece:  O, m e t a l  s u p p o r t ;  P, Tefl  

A m i x t u r e  of n ine  pa r t s  of Hyf lo  Supercel  in one p a r t  of ] 
bent ,  s ince p rev ious  exper ience  w i t h  i t  h a s  been  v e r y  sa t i s fa  
'eel a n d  t he  charcoa l  are  v e r y  t h o r o u g h l y  washed  wi th  concei  
stil led water ,  and  oven-dr ied  a t  ioo  ° C. A n u m b e r  of experi 

e lu t ion  and  d i s p l a c e m e n t  ana lys is .  
con t a ine r :  A,  ou te r  cy l inder ;  B, inr  

screw to  t he  filling channe l ;  F ,  m e t a l  ba  
tppor t  (with i nden t ions  for wrencl  

Connec t ive  piece:  M,  m e t a l  suppo~ 
Teflon plug,  W, washer .  

Darco  G-6o was  e m p l o y e d  as  t 
s a t i s fac to ry  s. Before  use  b o t h  t he  H y  

e n t r a t e d  hydroch lo r ic  acid follow 
,e r iments  us ing  o the r  p ropor t i ons  

:ated t h a t  p rogress ive ly  h igher  s a t u r a t i o n  of t he  charcoa l  is need 
creases.  Hyf lo  Supercel  adsorbs  h igh  molecu la r  pep t ides ,  especia  
b u t  u n d e r  t he  cond i t ions  here  descr ibed th i s  adso rp t ion  is negligi] 

a t he  charcoal .  

a n d  o.2 N hydroch lor ic  acid are m i x e d  a n d  used  as t he  so lven t .  
tool in concen t r a t i ons  su i tab le  for s a t u r a t i o n  of t he  charcoa l .  T 
20 % sulfur ic  acid solut ion,  followed b y  w a s h i n g  wi th  a io  % sodit 
istilled in vacuo. 

d accord ing  to  t h e  K je ldah l  p rocedure  a n d  t he  n i n h y d r i n  colour  
:IN 13. Ul t rav io le t  abso rp t ion  was  m e a s u r e d  in a B e c k m a n  spect~ 
:TH p o t e n c y  of t he  f rac t ions  was  d e t e r m i n e d  b y  t h e  ascorbic  a~ 
S.P.  S t a n d a r d  as reference.  

~re p repa red  f rom fresh whole sheep  p i t u i t a r y  g lands  by  t he  procedl 

Y]g. I 
con t a ine r  
G, Teflon 
I, Teflon 
h r, Teflon 

.4 dsorbent 
A 

adso rben t  
Supercel  
b y  dist i l led 
charcoa l  to  Hyf lo  Supereel  ind ica ted  
as  t h e  pe r cen t age  of charcoa l  increases.  
f r om n e u t r a l  a n d  bas ic  solut ions ,  
c o m p a r e d  wi th  t h a t  occur r ing  on 

Solvent 
E q u a l  v o l u m e s  of e t hano l  

i t  are  d issolved oc tano l  or  deca  
h igher  a lcohols  are  w a s h e d  wi th  
h y d r o x i d e  so lu t ion  and  finally dist i l led 

Analytical methods 
The  n i t rogen  was  e s t i m a t e d  

t he  m e t h o d  of MOORE AND STEIN 13. 
p h o t o m e t e r  a t  275 m/~. T he  A C T H  
deple t ion  m e t h o d  14 us ing  t he  U.S.P .  

Materials 
The  A C T H  c o n c e n t r a t e s  were 
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ml of the  same solut ion,  The e lua te  was col- 
ed and  ana lysed  for ni t rogen.  I t  m a y  be seen 
n Fig.  2 t ha t  the  insul in is comple te ly  adso rbed  

the  charcoal  when the  bas ic  solvent  is used. 
he adso rben t  has been prev ious ly  s a t u r a t e d  b y  
* decanol  solut ion,  the  hormone  is not  adso rbed  
• can be comple t e ly  recovered  in the  eluate.  Thus  
; possible  to pe r fo rm an e lu t ion analys is  of in- 
n on p r e t r e a t e d  charcoal  wi th  a decanol  solut ion 
~% or higher .  

A column of 2-25 ml  sect ions was used;  a f te r  
adsorben t  h a d  been p laced  in equ i l ib r ium wi th  
3 % decanol  solut ion,  IO mg of insulin in 2 ml ca~ 

he same solut ion were in t roduced .  E lu t ion  was 
formed under  a pressure  of 15 lbs. per  sq. in. The  
tn t  was col lected in 3.2 ml f rac t ions  wi th  an autor~ 
: t ions had  been collected,  a s a t u r a t e d  decanol  solut! 

placing agent .  E~ 
Beckman  spectr( 
ev ident  from F i  
elut ion peak  anc 
sorbed mater ia l ,  

c a r b o n  as  a f u n c t i o n  of t h e  deg re  
s a t u r a t i o n  b y  d e c a n o l .  

omat ic  f rac t ion col lector ;  af te  
)lution was in t roduced  as the  

ich f rac t ion was then  r ead  
.ec t rophotometer  a t  275 m/x. I 

g. 3 t ha t  there  was only 
and  no ind ica t ion  of s t rongly  

which, if i t  were present ,  w( 
be expec ted  to be d isp laced  out  b y  sa tun  
decanol  solution. Ni t rogen  de te rmina t ion  of 
whole peak  revea led  a comple te  recovery  of 

in i t ia l ly  appl ied  

Since insulin can be adso rbed  to t a t l y  ( 
. . . . . . . . .  charcoal  when the adsorben t  has  been tre~ 

wi th  the  bas ic  solvent  (o.I M HC1 in = 
ethanol) ,  and  since no adsorp t ion  is observ( 

l l i n  on  p re -  
the  adsorben t  is s a t u r a t e d  wi th  decanol,  
p l acemen t  analys is  of the  hormone  on char  

acer  would  be of in teres t .  Fig.  4 gives the  resul ts  of a t y t  
, ted t ha t  no insulin a p p e a r e d  in the  effluent before the  

, 'ssed t h r o u g h o u t  as  p e r  c e n t  b y  v o l u m e .  

performe 
e luant  
f ract ions  

MATERIAL: IO MG. INSULIN 
ELUENT: 5% DECANOL 
DISPLACER: SATURATED DECANOL 

~- FRACTION VOLUME: 32 CC. 

t~ 
.~LO 

z 

~o~ 
g 

LACER 

o ,b ~o ~o 
FRACTION NO. 

Fig .  3. E l u t i o n  a n a l y s i s  of i n s u l i n  on  
t r e a t e d  c a r b o n  w i t h  3 % decano l .  

using decanol  as the  d isplacer  
exper iment .  I t  is to be no ted  

* Al l  p e r c e n t a g e s  a r e  e x p r e s s e d  

ReJerences p. 277. 

, i  . . . . . . . . . . .  , . . . . . . . .  

n, f ive t i m e s  c r y s t a l l i z e d  ( L o t  T-2842 ) 
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mater ia  
DISPLACER 

Studies 

to 20 30 amoun t  
FRACTION NO. the sect 

• 4. Displacement analysis of insulin on carbon 
using decanol as the displacer, was cho 

in a vol  
tt this  solut ion con ta ined  5o-I5O U.S.P. uni ts  of acti 

Two series of exper iments  were performed. In  one se 
t decanol were used;  in the other, various concentrat  
the first series, with the decanol kept  cons tant  at o.I 
Tesponded to a concent ra t ion  of octanol between o4 
ond series, o.4% decanol gave an adsorbent  saturat ,  
nt ,  whereas o.6% decanol sa tu ra ted  the charcoal sligl 

A column, bui l t  up of sections with the following w 
ml, was washed with a large volume (circa 2o0 ml) 

anol and  o.z% decanol. 45 mg of an ACTH peptid 
ml  of the same solut ion and  pressed into the column. 
c e a  sui table  flow rate  (IO-I2 ml/h). E lu t ion  was per 

570 anti u.770 t i a u l e  i). in 

ura ted  below the critical satura 
;htly above this point  (Table 

volumes:  14. 5 , 14, 6.5, 5, 3.5, 
of the solvent  conta in ing  o 

peptide preparat ion was dissolve 
column. A pressure of 2o lbs per sq 

)erformed with 75 ml of the s 

DISTRIBUTION OF FRACTION OBTAINED FROM CHARCOAL COLUMN 

DL AND OCTANOL-DECANOL MIXTURES AS SATURATORS 

Nitrogen distribution Location of activity 

Eluate Displaced Eluate Displaced 
fraction fraction 

+ + +  
+ + +  

+ 

n-octanol. 
n-decanol. 

mt at the Eli Lilly Laboratories through the kindness of Dr. ( 

point ,  

3.5 
octanol  
20 
gave 

N I T R O G E N  A N D  A C T I V I T Y  

USING OCTANOL 

Concentration of saturators 

% 
0.5 % Cs* 
0.5% Cs+o.I% Ca0** 
0.7% Cs+o.1% C1 o 
I.o% Cs+o.1% Ci0 

* abbreviation for 
** abbreviation for 

* The assay was carried out 
BEHRENS. 
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the hormone was displaced out  

ber of displacement  analysis  expe 
after removal  ot 
and  assayed by  
procedure*. I t  w 
monal  potency i 
sorpt ion and  
lations. The orig 
possessed an acti 
whereas the pot 

i ter ia l  was 23 

with AC~ 

. . . . . .  In  all exp 
i of mate i  40 

:tion in ml 
was chosen. The 

a volume of t t  
ac t iv i ty  per 

one set, octano] 
lions of d 

0 . I%,  the ci 

5 % and  ( 

TABLE I 

% % 
57 33 - -  
65 z2 - -  
89 7 + + 
90 IO + + 

v 1 ~ . . . . . .  , 

; recovered 
d by  ether 
convulsion 
at the hor- 
red by  ad- 
L man ipu-  

of insulin 
nits per mg 

recovered 
g. 

. ratio of 
p volume of 

5 and  1.25 
.s dissolved 
solution so 

s of octanol 
employed. 

~tion point  
I) I n  the 
;aturat ion 
Table II) .  

and  

0.5% 
;solved in 

L. in. 
same 
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t ion,  and  was then  followed b y  d i sp lacement  wi th  
t ion.  D a t a  of n i t rogen d i s t r ibu t ion  and  resul ts  of bk  
le I I I ;  the  d i s t r ibu t ion  of n inhydr in - r eac t ing  mai  
tme is p re sen ted  in Fig.  5. I t  m a y  be seen t ha t  the  mai: 
; of the  t o t a l  n i t rogen  and  has  a po tency  of less t han  
d i sp laced  f rac t ion  (DI) possesses p rac t i ca l ly  all the  2~ 

N I T R O G E  

F R A C ' I  

50 100 150 200 
EFFLUENT VOLUME (ML) 

5. Fract ionat ion of a peptic digest of  an A C T H  
)aration in a charcoal column. Eluant, a mixture 
).5% octanol and o . I% decanol; displacer, a 

Nitrogen A CTH activit 

% USP units]x 
E1 55 
E z 22 
D x 20 I5O-2OO 
El '  55 3o0-35 ° 

I D1,  36 
E" 95 
D" 4 

* See Figs. 5, 6, and 7. 
: experimental details, 

m the  d i sp lacement  f rac t ion (Dx) col lected f rom severa l  1 
m ix tu r e  of o .7% oc tanol  and  o . i  % decanol  and  pressed  

t t ion :  14, 6.5, 5, 3.5, 3.5 ml) p r e p a r e d  wi th  the  adsorber  
on.  The  new elut ion and  d i sp lacement  peaks  were surprisi:  

former  f rac t ion  (El ' )  con ta ined  the  bu lk  of the  ac t iv i t  3 
~veral expe r imen t s  using pep t ides  f rom different  ba tches  
:hods gave  ve ry  close to  the  same resul ts .  
the  effectiveness of the  resolu t ion  into  two fract ions,  

~ction (El) was sub jec t ed  to  a new analys is  under  the  s 
n ;  only  a ve ry  smal l  d i sp lacement  peak  (D") was ob ta  

z 

u0 .5  . 

Fig. 
prep 
of 0.5% 
saturated decanol solution. For ex 

see text. 

20 m g  of m a t e r i a l  f rom 
was d isso lved  in 35 ml  of a 
a co lumn (section combina t ion :  
equ i l ib r ium wi th  the  solution.  
wel l - resolved (Fig. 6); the  
a n t i c i p a t e d  (Table I I I ) .  Severa l  
p r e p a r e d  b y  the  same me thods  

In  o rder  to  confirm 
m a t e r i a l  in the  e lu t ion f rac t ion  
condi t ions  as the  first run  

(Fig. 7). 
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;. 7- R e c h r o m a t o g r a p h y  of an elut ion 
ction (Ez) in a charcoal  column.  
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i i l l  Fig. 8. Sectional d i sp lacement  am 

r L of a pept ic  digest  of an ACTH pre 
~ t ion in a charcoal  column.  Eluant ,  ( 

D decanol solut ion;  displacer,  a satu 
" ~  " • 25 25 ' solution of decanol.  For  exper im 
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See Fig. 8. 
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sol iert  verdrXngt werden ("sectional displacement") und gegebc 
Le auf mehr  gesXttigten S~.ulen weiter aufget rennt  werden, l 
nahe dem kritischen S~ttigungspunkt liegen, d.i. die Konzel 
e s ta rk  absorbierte  l~onaponente gerade im Eluat  aufzutret~ 
n Elut ions-  und Verdr~Lngungsanalysen des Insul ins  durchge 
3n un te r  diesen Bedingungen chromatographisch  honlogen 
n ebenfalls un te r such t  u n d e s  wurde gefunden, dass die ffin: 
ials mi t  einer StArke yon ungefgthr 5 ° U.S.P. mit  dieser n( 
it werden kann.  
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