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I t  has  been  d e m o n s t r a t e d  t h a t  A C T H  can  be l inked  to ce r t a in  n e g a t i v e l y - c h a r g e d  

e n z y m e  i n h i b i t o r s  a n d  t h a t  a d m i n i s t r a t i o n  of A C T H  in such  a f o r m  offers  t h e r a p e u t i c  

a d v a n t a g e s ,  e.g.,  p r o l o n g e d  ( re ta rded)  effectS, 4. These  i nh ib i t o r s  are  of the  t y p e  

p o l y m e r i c  p h o s p h a t e s  of e i t he r  p h l o r e t i n  or a r o m a t i c  h y d r o x y  a n d  a m i n o  c o m p o u n d s .  

On t h e  bas i s  of b io logica l  a n d  cl inical  e x p e r i m e n t s ,  p o l y p h l o r e t i n  p h o s p h a t e  ( P O F F )  

() O O H 

O R - O  1} O R O 1' (} R = phloretinrest. ItO .:\ ('(} {'H., {'ft 2 

OH ()1t ()H 

phl~retin 

i O t l  

proved most suitable for medical use because of its very low toxicity. 
In addition to the pharmaceutical, clinical and biological experiments a study 

of the complex formation between ACTH and POFF was performed, the results of 
which are presented in this paper. Both ACTH and POFF are charged compounds 
of a relatively high molecular weight. The basic groups of ACTH and the acidic 
groups of POFF are considered to form some sort of a salt-like "addition compound". 
On account of these properties of ACTH and POFF, the authors applied the electro- 
phoresis and ultracentrifugation techniques. 

I ~ X P E R I M E N T A I .  

ACTH: A pig ACTH preparation with low activity, i.o I.[i./mg. but h{mmgene(ms in free 
electrophoresis was used (lot No. 5-~954).  

P O F F :  Polyphloretin phosphate was prepared according to DlCZFAIX;SY el al. 2 and the 
product {lot F1 Toz3) was further puritied by electrodialysis and lyophilized. Average molecular 
weight 15,ooo. 

Electro/~horesis. The electrophoresis experiments were performed according t¢} the well- 
known technique of TISELIUS AND ,~VENSSON 8"7 and also as zone electrophc)resis on starch. The 
electrophoretic mobility, u is expressed in units of Io s cm2/volt sec. 

UllracenlJ, i/~gatim~. The sedimentation in the Svedberg ultracentrifuge was recorded bv the 
scale method. The sedimentation constant is given in Svedberg units (Io la c.g.s.). 

.lleasure~ne~*ls on the .qCTH activit 3 . Biological assay of the corticotrophic activity was 
carried out by the adrenal aseorbic acid depletion method of ,~AYERS, ~AVERS AND \~'OODBURY 6. 

A'e/er~'~ces p. 54d. 
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RESULTS 

Electrophoresis. A series of experiments on samples of varying ratios of ACTH: 
POFF is recorded in Table I. Medium: phosphate buffer of ionic strength o.I and 
p H  6.8. 

The ACTH and POFF preparation separately (Expts. I and 8) exhibit only one 

Fig.  I.  U p p e r  c u r v e .  E l e c t r o p h o r e t i c  p a t t e r n  
32 m i n  a f t e r  s t a r t  in E x p t .  2. L o w e r  c u r v e .  
E l e c t r o p h o r e t i c  p a t t e r n  98 ra in  a f t e r  s t a r t  
in E x p t .  7. ( C / .  T a b l e  I) .  D i r e c t i o n  of mi -  

g r a t i o n  i n d i c a t e d  b y  t he  a r r o w .  

peak, u 1 and u a respectively. In Experiments 
2-7 there is also another peak belonging to a 
new compound of these two constituents. If 
the excess of POFF is large, the ACTH 
peak disappears, Fig. I. I t  is, however, possi- 
ble to determine the amount of free and 
bound ACTH from the electrophoretic pat-  
terns. The refractive index increment, dn/dc, 
of POFF is 18o. lO -5 which also is the mean 
value adopted for proteins. Assuming the 
"addition" compound to have the same re- 
fractive index increment as its constituents 
the values of the last column of Table I 
have been computed. 

T A B L E  I 

E L E C T R O P H O R E S I S  O F  M I X T U R E S  O F  ACTH A N D  POFF IN V A R Y I N G  P R O P O R T I O N S ,  

I N  P H O S P H A T E  B U F F E R ,  pH 6 . 8  

Expt.  

Concentration Bound A C T H  
in per cent Ratio Mobility in per cent o! 

total A C T H  
A C T H  P O F F  A C T H  : P O F F  ~t I u 2 u 3 

I 0.30 - -  5.4 - -  
2 0 .60 0.20 3 :1  6 . I  I o .o  I6 .6  73 
3 0.80 0.27 3 : I 5.8 lO.O I8 .2  
4 O . 3 0  0 . 3 0  I : i 6 . 2  1 0 . 2  15 .  7 8 0  

5 o.4 o o.4o i : i 6.9 12.o 18.o 85 
0 0.20 0.40 1 :2  5.2 12.2 - -  
7 0 .30 0.90 1 :3  - l I .O  18.1 too  
8 - -  0 .30 - -  t8 .8  

The usual electrophoresis technique is not suitable for isolation and purification 
of relative large amounts of material. Zone electrophoresis, however, permits isolation 
of the "addit ion" compound in a fairly pure state. A mixture of IOO mg of ACTH 
and IOO mg of POFF was run on a horizontal starch column (3.5 x 26 cm) in sodium 
ci trate-sodium hydroxide buffer of pH 6.8 for 48 hours. On the basis of spot test 
on a filter paper the column was divided in four fractions separately eluated with 
buffer. The eluates were dialyzed, lyophilized and the material thus obtained was 
analysed for nitrogen and Sayers activity, Table II .  

Fraction I I  contains the main part  of the ACTH activity and the electrophoretic 
mobility of this fraction measured in free electrophoresis at p H  6.8 and ionic strength 
o.I is identical with that  of the presumed "addition" compound, u = lO. 3 (c/. 
Table I). 

t C e / e r e n c e s  p .  5 4 3 .  
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Sedimentat ion in the zdtracenlri/uge. The sedimenta t ion experiments were per- 
formed in phosphate buffer of pH 6.8 at 200,000 g. The sedimentat ion diagram of 
ACTH as well as of the P O F F  preparat ion alone showed only one polydisperse com- 
ponent  the sedimenta t ion rate being only slightly dependent  on the concentrat ion.  
Also in mixtures  of ACTH and  POFF,  only one polydisperse component  was detected 
(c/. Table III) .  

T.\ 1))1 .E Ill 
S E D I M E N T A T I O N  E X P E R I M F N T S  

('oncetztr;*lio~z in per t'¢~nl 

A C T t !  P O F I ;  

o .  5 ° 1 . 1 4  
0 . 2 5  1 . 2 0  

o.50 o.94 
0 . 2  5 1 . I O  

o.5o o.75 i .02 

DISCUSSION 

Electrophoresis experiments indicate some sort of equil ibr ium between ACTH 
and  P O F F  on the one side and an addi t ion compound of these two const i tuents  on 
the other (c/. Table I). As expected, an increase of the relative amoun t  of P O F F  
results in an increased amoun t  of complexed ACTH. The "hormone par t "  of ACTH 
is of a much more basic na ture  than  the carrier proteins, properties which also have 
been util ised by ASTWOOD, RABEN ANt} P.-\YNE in the purification of ACTH on oxy- 
celluloseL Similar results were obta ined by  DIXON et al. s with ion exchange. Conse- 
quent ly,  the addi t ion  compound preferably contains  the "hormone"  part ,  a fact which 
is shown by  the results of zone electrophoresis of ACTH and POFF.  Fract ion I i 
(Table II) conta ined only about  I2 %'o of the total  protein bu t  almost all of the total  
ACTH act ivi ty  in the Sayers test, i.e., with these experimental  conditions most of 
the Sayers act ivi ty  was recovered as bound  to POFF.  

Sedimenta t ion in the ul t racentr i fuge failed to reveal the existence of a addi t ion 
compound  of ACTH and  P O F F  probably  due to the fact tha t  the differences in 
particle size are too small. 

Re/erences p. 543. 
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SUMMARY 

I. The interaction between ACTH and P O F F  (polyphloretin phosphate)  was studied by 
means of electrophoresis and ultracentrifugation.  

2. Electrophoresis exper iments  indicate tha t  in solution there exists some sort  of equilibrium 
between ACTH and P O F F  and an addition compound of these consti tuents.  

3. By means of zone electrophoresis on starch, most  of the active ACTH was recovered 
bound  to POFF.  

4. The difference in particle size between the addition compound and the const i tuents  is 
too small to permit  sedimentat ion analysis of the system. 

RI~SUME, 

I. L ' interaction entre I 'ACTH et le P O F F  (polyphlor6tine phosphate)  a 6t6 6tudide par  
61ectrophorbse et ul tracentrifugation.  

2. Les 61ectrophorbses mont ren t  qu 'en  solution il y a un certain 6quilibre entre I 'ACTH et 
le P O F F  et que les deux corps forment  un produi t  d 'addition. 

3. Par  61ectrophor6se de zone sur amidon, la majeure partie de I 'ACTH active a 6t6 r6cup6r6e 
li6e au POFF,  

4. La diff6rence de taille des particules entre le produi t  d 'addit ion et ses const i tuants  est 
t rop petite pour  permet t re  une 6tude du systbme par  s6dimentation, 

ZUSAMMENFASSUNG 

I. Die In te rak t ion  zwischen ACTH und P O F F  (Polyphloret inphosphat)  wurde an Hand  der 
Elektrophorese und der Ultrazentr i fugierung untersucht .  

2. Elektrophoret ische Versuehe deuten darauf  hin, dass in L6sung eine Art  Gleichgewicht 
zwischen ACTH und POFF,  sowie einem Addi t ionsprodukt  dieser Kons t i tuenten  besteht.  

3. Dutch  Zonenelektrophorese auf Stfirke wurde der gr6sste Teil des aktiven ACTH in 
Verbindung mit  P O F F  wiedergewonnen. 

4. Der Gr6ssenunterschied zwischen Partikeln desAddi t ionsproduktes  und der Kons t i tuen ten  
ist zu gering, um eine Sedimentierungsanalyse des Systems zu erm6glichen. 
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