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E n h a n c e m e n t  of E n z y m a t i c  Cata lys i s  of C r o s s - L i n k e d  D e x t r a n  in the  P r e s e n c e  of N o n - I o n i c  P o l y m e r  

The specific in te rac t ions  be tween  some macromolecular  
subs tances  m a y  be enhanced  in media  conta in ing  non- 
ionic water-soluble  polymers .  I t  has  been shown previ-  
ously t h a t  an e n h a n c e m e n t  of cer ta in  an t igen -an t i -body  
in te rac t ions  occurs in the  presence  of dex t r ans  1 s and 
poIye thy lene  glycols 9. A similar  e n h a n c e m e n t  in r eac t iv i ty  
was recen t ly  observed in an enzyme sys tem t0. The enzyme 
employed  was e-amylase,  t he  ac t iv i ty  of which  was 
increased in t he  presence of d e x t r a n  dur ing the  hydrolys is  
of a syn the t i c  h ighmolecular  weight  cross-l inked blue 
s ta rch  po lymer  n.  Fur the rmore ,  in th is  sys t em it was 
shown t h a t  in add i t ion  to e n h a n c e m e n t  of enzymat i c  
act iv i ty ,  the  inhib i t ion  by  specific an t ibody  could also 
be d e m o n s t r a t e d  10. 
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Fig. 1. Hydrolysis of blue dextran polymer (25 mg/ml) with indicated 
amounts of dextranase for 30 rain at 45 ~ I - -O ,  in the presence of 
polyethylene glycol; �9 in the absence of polyethylene glycol 
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Fig. 2. Lineweaver-Burk plot. Dextranase activity (of dextranase pre- 
paration, 4.17 (xg/ml) throughout 60-fold increase of substrate con- 
centration (from 0.5-30 mg/ml of reaction mixture), The reaction was 
run at 45 ~ for 30 min. 0 - -0 ,  in the presence of 4% of polyethylene 
glycol; �9 =�9 in the absence of polyethylene glycol. 

The presen t  s t u d y  describes ano the r  enzymat ic  sys tem,  
name ly  dex t r an -dex t r anase ,  which  can be inf luenced by  
the  presence  of non-ionic  po lymer  of po lye thy lene  type .  
The subs t r a t e  used was a cross-l inked and  coloured 
dex t ran ,  the  synthes is  of which is descr ibed elsewhere 12. 

Dex t r anase  (Wor th ington ,  150 U i m g  protein)  a t  a 
given concen t ra t ion  was p re - incuba ted  in wa te r  b a t h  a t  
45~ Al iquots  of suspended  blue dex t r an  po lymer  in 
0 .1M po tass ium p h o s p h a t e  buffer,  p H  6.0 (containing 
0.02% sodium azide) were used. To some tubes  po lye thy-  
lene glycol co mp o u n d  2 0 M  (Union Carbide) was added  
to  give a final concen t ra t ion  of 4o/0 . After  a given t ime  of 
incuba t ion  at  45 ~ the  reac t ion  was t e r m i n a t e d  by  the  
add i t ion  of 0.5 ml  of 0 .5M sodium hydroxide .  The 
coloured s u p e r n a t a n t  was separa ted  f rom the  unhydro lyzed  
po lymer  by  centr i fugat ion.  The ex t inc t ion  of super-  
n a t a n t  was measured  in a Zeiss PMQ I I  s p e c t r o p h o t o m e t e r  
a t  620 nm.  

Figure  1 shows the  hydro lys i s  of blue d ex t r an  po lymer  
by  dex t r anase  in the  presence  and in tile absence of 
po lye thy lene  glycol. In  the  presence  of po lye thy lene  
glycol, there  is a def ini te  increase in the  enzymat i c  
ac t iv i ty  a t  all levels of dex t r anase  used. The hydro lys i s  of 
var ious  amoun t s  of blue d ex t r an  po lymer  by  a co n s t an t  
a m o u n t  of enzyme,  in the  presence  and in t he  absence  of 
the  non-ionic polymer ,  is shown in a L ineweaver -Burk  
p lo t  (Figure 2). Bo th  curves (with d i f ferent  slopes) 
i n t e r c e p t  the  1/v-axis a t  t he  same point .  The increase in 
t he  Michaelis  co n s t an t  suggests  tha t ,  in t he  presence  of 
po lye thy lene  glycol, the re  is an increase in the  af f in i ty  
be tween  the  enzyme and  subs t ra te .  The changes  in 
a p p a r e n t  Km values  of dex t r anase  in the  presence  and  in 
t he  absence of var ious  non-ionic  po lymers  using d ex t r an s  
cross-l inked to d i f fe rent  degrees,  will be repor ted  on at  a 
la ter  date .  

Zusammen/assung. Die enzymat i sche  Spa l tung  von 
v e r n e t z t e m  und gef / i rbtem D ex t r an  mi t  Dex t r anase  wird 
in Gegenwar t  von neu t r a l em (nicht ionogenem) Po lymer -  
Po lye thy leneg lykol  erhOht. 
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Effect of A l k o x y g l y c e r o l s  on  the  S e r u m  Orni th ine  C a r b a m o y l  T r a n s f e r a s e  in C o n n e c t i o n  wi th  
R a d i a t i o n  T r e a t m e n t  

Alkoxyglycerols  occur in small  quant i t ies  in m a n y  
na tu ra l  products .  In  the  haemopoie t ic  organs of mammals ,  
par t i cu la r ly  tile bone  marrow,  t h e y  are re la t ive ly  abun-  
dant .  They  also occur in re la t ively  high concen t ra t ions  in 

h u m a n  mothe r ' s  mi lk  1-4. They  occur most  a b u n d a n t l y  in 
na tu re  in the  l iver oil of cer ta in  species of shark  8, 4. T h e  
general  formula  for a lkoxyglycerols  is CH~OH �9 C H O H  �9 
CH20 �9 R, where R is a longehain  al iphat ic  radicM. The 
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Table I. S-OCt[ inanomoles: increase after irradiation IControls/ Table II.S-OCT (nanomoles) increase aftcr irradiation and treatment 
with alkoxyglyeerols 

Initial Days after start of radiation treatment Initial 
level 9 level 0 

1 4 6 8 

Days after start of radiation treatment 

1 4 6 8 

Arithmetic mean : 1.3 

Range 0.4-3.6 

Geometric mean: 1.1 

S.D. 0.2 

2.2 4.6 3.2 2.4 Arithmetic mean : 1.2 1.6 2.3 1.6 1.3 

0.3-9.9 0.3 26.0 0.6-12.5 0.4-10.9 Range 0.3-3.0 0.1-11.0 0.2 12.9 0.4-3.8 0. l-2.3 

1.2 2.7 2.2 1.3 Geometric mean : 1.0 1.0 1.4 1.4 1.0 

0.3 0.3 0.3 0.2 S.D. 0.2 0.3 0.3 0.3 0.2 

m o s t  comm on  na tu ra l  a lkoxyglycerols  are the  s a tu ra t ed  
b a t y l  and ch imyl  alcohols (with 18 and 16 carbon a toms,  
respect ively ,  in the  side chain) and the  unsa tu r a t ed  selachyl  
alcohol wi th  18 carbon  a toms  in the  side chain.  The 
a lkoxyglycerols  o c c u r  mos t  f r equen t ly  as f a t t y  acid 
esters  1. 

The a lkoxyglycerols  have  p roved  to  be of medical  
in teres t .  To some ex t en t  t h e y  p r e v e n t  leucopenia  and 
t h r o m b o c y t o p e n i a  1. The admin i s t r a t i on  of a lkoxygly-  
cerols to pa t i en t s  w i th  cancer  of the  u ter ine  cervix 
resul ts  in h igher  survival  ra tes  t h a n  if rad ia t ion  t rea t -  
m e n t  alone is givenl,~.  F u r t h e r m o r e  the  alkoxyglycerols  
ac t  as g rowth  factors :  t h e y  p romo te  the  g rowth  of 
Lactobacillus lactis 1. 

In  all exper iments ,  p repara t ions  f rom the  l iver oil of 
Greenland shark  have  been  used. These oils con ta in  up to 
50% of a lkoxyglycerol  esters (main c o m p o n e n t  selachyl  
alcohol). 

In  th is  s tudy  we t r y  to e lucidate  some of the  effects of 
t he  a lkoxyglycerols  by  pe r fo rming  orni th ine  ca rbamoyl  
t rans fe rase  (OCT) analyses.  OCT is syn thes ized  in t he  liver, 
where  it is involved in the  syn thes i s  of urea. I t  has  been 
shown t h a t  OCT in se rum (S-OCT) rises in connec t ion  
wi th  l iver injury.  However ,  S-OCT m a y  also rise w i tho u t  
such in jury  being present .  Such a rise occurs in cer ta in  
clinical s ta tes  involving an increased b reakdown  of 
p ro te in  s . I t  has  been shown t h a t  S-OCT is e levated  in 
con junc t ion  wi th  rad ia t ion  7. The OCT-act ivi t ies  were 
de t e rmined  by  the  incuba t ion  of se rum wi th  citrull ine 
c a r b a m o y l  14C in arsenate  buffer  according to the  modif i -  
ca t ion  of REICHARD s. 50 ~moles per  1 ml  of incuba t ion  
mix tu r e  were used. The resul ts  are expressed in nano-  
moles  (nm) 14CO2 l ibera ted  by  0.5 ml  serum on 2 h incu- 
ba t ion  unde r  s t anda rd  condi t ions .  

S-OCT analyses  were made  on 20 women  wi th  cancer  
of the  u ter ine  cervix in connect ion  wi th  the  f i rs t  r ad imn  
implan t .  Analyses  were pe r fo rmed  immed ia t e ly  before 
the  f i rs t  imp lan t  and 1, 4, 6 and 8 days  af terwards .  The 
resul ts  are compi led  in Table I. The mos t  marked  increase 
was  observed  on the  4th and the  6th day.  As the  S-OCT- 
values  are exponen t i a l ly  d i s t r ibu ted  6, the  s t anda rd  
dev ia t ions  are calculated f rom the  logar i thms of the  
S-OCT-values.  

Similar  analyses  have  now been per fo rmed  on 20 pa t i en t s  
w i t h  cancer  of the  uter ine  cervix who, unlike the  s e r i e s  
above,  were t r ea ted  p rophy lac t i ca l ly  wi th  a lkoxygly-  
cerols for 8 days  before the  rad ia t ion  t h e r a p y  wi th  
0.6 g/day.  The resul ts  are given in Table  II.  I t  will be 
seen t h a t  the  S-OCT values  were lower when  a lkoxygly-  
cerols had  been given p rophy lac t i ca l ly  t h a n  when  the  
pa t i en t s  only  received the  rad ia t ion  t r ea tmen t .  Taking  
the  m e a n  of the  logar i thms  of the  S-OCT values for the  
d i f fe ren t  days  and  forming  the  an t i logar i thms  (i.e. the  

geometr ical  means),  i t  will be seen t h a t  these  remain  
a lmost  co n s t an t  from day  0 to  day  8 for t he  pa t i en t s  
t r ea ted  wi th  a lkoxyglycerols  (Table II) and prac t ica l ly  
the  same as the  initial  value, which is 1.2 nm. 

Previous  inves t iga t ions  have  shown t h a t  a lkoxygly-  
cerols act  as g rowth  factors,  p romot ing  the  g rowth  of 
i r radia ted  ra ts  as well as the  g rowth  of L. lactis. One 
reason w h y  S-OCT does no t  rise on radia t ion  t r e a t m e n t  
of the  a lkoxyglycerol  pa t i en t s  m a y  be t h a t  the  pro te in  
synthes is  in the  liver is s t imula ted ,  t h e r eb y  compensa t ing  
for the  b r eakdown  of p ro te ins  t h a t  occurs as a resul t  of 
rad ia t ion  treatmen~t alone. 

Rdsumd. L 'o rn i th ine  ca rbamoyl  t ransf6rase du s6rum 
(S-OCT) augmen te  apr~s un t r a i t e m e n t  aux rayons.  
L ' a u g m e n t a t i o n  la plus marqu6e  a 6t6 observ6e le 4~me 
jour  aprgs le c o m m e n c e m e n t  de la radioth6rapie.  Nous 
n ' avons  toutefois  observ6 qu 'une  pe t i t e  a u g m e n t a t i o n  
de S-OCT lorsque des alcoxyglyc6rols on t  6t6 adminis t r6s  
p r o p h y l a c t i q u e m e n t  et  p e n d a n t  le t r a i t e m e n t  aux 
rayons.  
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