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Summary. The time course in which radioactivity is found in maternal serum 
after a single injection of Na~35S04 may be drastically changed under the influence of 
drugs. This must influence the rate of incorporation of ~S labelled precursors into 
the GAG fractions of embryonic tissue. Therefore it is not possible to draw any con- 
clusions from in vivo labelling experiments unless at least the change in the radio- 
activity of the maternal serum has been taken into consideration. 

A method is presented which allows an evaluation of an effect of drugs on GAG 
also in such eases in which the availability of the isotope from the maternal organism 
is changed: instead of measuring the rate of incorporation into the total GAG, a sub- 
fractionation of GAG according to their anionic behaviour is performed. In a routine 
assay three fractions of GAG are obtained after fractionation on ECTEOLA- 
cellulose. The ratio of incorporation of radioactively labelled precursors into the 
different subfraetions is taken as indication of an effect of a drug on GAG 
metabolism. As an example the effect of vitamin A and Na-salicylate is analysed. 

Key words: Glycosaminoglycans --  asS Labelling --  Embryonic Metabolism --  
Pharmacological Studies. 

Pha rmaco log ica l  or t e ra to log ica l  s tudies  on the  me ta bo l i sm  of  su l fa ted  
g lyeosaminoglyeans  of ten are  pe r fo rmed  b y  measur ing  the  incorpora t ion  
of  I~azsssoa in to  g lycosaminoglycans  (GAG). I n  mos t  such s tudies  t he  
3~S incorpora t ion  r a t e  found  in the  G A G  af ter  a single in jec t ion  of  
Na~3~SO~ is measu red  a n d  the  difference be tween  cont ro l  a n d  t r e a t e d  
an imals  is t a k e n  as  an  ind ica t ion  of  an  effect of  the  drug  on the  me tabo l i sm 
of  G A G  (Perumal  et al., 1965; K o c h h a r  et al., 1968; Rober~son,  1968; 
N a n d a ,  1970). 

A prerequis i te  for conclusions to  be d r a w n  f rom such d a t a  is t h a t  the  
concen t ra t ion  of  the  r ad ioac t i ve ly  labe l led  precursor  has  t he  same 
kinet ics  in t he  controls  as  well  as in  the  t r e a t e d  animals .  

* This work was generously supported by grants from the Deutsche •orsohungs- 
gemeinsehaft given to the Sonderforsehungsbereieh 29, "Embryonale Entwieklung 
nnd Differenzierung (Embryonal-Pharmakologie)". 
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W e  have  measured  the  k inet ics  of  Na2ssSO4 in the  se rum of r a t s  
t r e a t e d  wi th  some drugs  or  hormones .  I n  th is  pape r  d a t a  on the  change 
in  m a t e r n a l  se rum concen t ra t ion  and  in the  r a t e  of  label l ing of  embryon ic  
G A G  are  given.  A m e t h o d  which helps  to  eva lua te  d a t a  on G A G  metab -  
ol ism i n d e p e n d e n t  of  different  se rum ac t iv i t ies  is p resented .  

Methods 

Animals. Female rats, strain Wistar S.W. 69, 190 • 20 g were mated for 2 h. 
The following 24 h were called day 0 pregnancy. Drugs or hormones were given at 
times as indicated. 12 h prior to sacrifice the animals received an intravenous injec- 
tion of 1 mCi/kg Na~asSOa. Radioactivity in the maternal serum was measured in 
0.05 ml samples using a Packard-Tricarb 3380. The embryos were removed from the 
mother animals at 4~ and dried in acetone. 30 mg dry weight of the acetone 
powder was hydrolysed with 1 ml 0.1 N 5IaOH for 12 h. After neutralisation with 
0.1 N HC1 a proteolysis was performed with 2 mg papain (Merck 7144), 3 mg EDTA- 
Na in 1 ml 0.1 M phosphate buffer, pH 6.4 and 0.005 M cystein for 24 h at 65~ 
The 10,000 • g supernatant was used for chromatography with ECTEOLA-cellulose. 

Column Chromatography with ECTEOLA-Cellulose. 0.1 g ECTEOLA-cellulose 
per column was transformed into the chloride form with 6 N HC1 (30 rain) and the 
columns packed, compressed with air and extensively washed with 0.02 :N HC1. 
Preparation of the columns and details on the fractionation procedure have been 
published previously (Schimmelpfennig et al., 1971). GAG were stepwise eluted from 
the column with 0.4--0.8--1.5 M guanidinium chloride. The three fractions were 
dialysed and lyophilised. Uronic acids were determined in each of the fractions with 
the carbazole reaction (Bitter and Muir, 1962). asS was measured with a Packard- 
Scintillation-Counter in a toluol-triton-X-100 mixture. Electrophoretic analysis 
showed that three fractions with different anionic behaviour had been eluted: Frac- 
tion I predominantly contained hyaluronie acid; it therefore showed the lowest ass 
incorporation rate. Fraction I I  and I I I  represented the sulfated GAG, the third one 
showing the highest ass incorporation. 

Resul ts  and Discussion 

J. E//ect o] Some Drugs and Hormones on the Elimination o/ Radioactivity 
/rom the Serum 

I n  Fig.  1 d a t a  are  compi led  which have  been ob t a ined  using a n u m b e r  
of  drugs  which are  of  in te res t  in  t e ra to log ica l  s tudies.  I n  th is  e xpe r ime n t a l  
se t -up  35S r a d i o a c t i v i t y  in  se rum has  been measu red  12 h af te r  a single 
in jec t ion  of  1 mCi/kg  Na~asSOa. The  concen t ra t ion  of  asS r a d i o a c t i v i t y  in 
the  se rum is changed  s ignif icant ly  b y  some of  these  drugs  when c o m p a r e d  
wi th  controls .  Whi le  some of  the  drugs  are  able  to  r e t a r d  the  e l imina t ion  
of  t he  i so tope  f rom the  m a t e r n a l  se rum (v i tamin  A, t o lbu t amide ,  and  
even rape-seed  oil which of ten is used as a vehicle  for the  oral  app l i ca t ion  
of  l ip id-soluble  drugs),  o ther  subs tances  acce lera te  the  e l imina t ion  of  the  
i sotope f rom the  se rum (Na-sal icyla te ,  t r f iodothyronine) .  

These d a t a  ind ica te  t h a t  in  m a n y  s tudies  i t  canno t  be expec ted  t h a t  
the  incorpora t ion  of  85S in to  G A G  is the  same in controls  and  in  t r e a t e d  
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Fig. 1. ~5S activity in serum 12 h after injection of 1 mCi/kg Na~3~SO~. The animals 
received the drug every 12 h over a period as indicated. The last dose was given 
30 rain (=  day 0) before i.v. injection of the asS-activity. 12 h later the serum 
sample was obtained. Application route: oral intubation of Na-salicylate (Merck), 
vitamin A-palmitate (Merck), triiodothyronine (Schuehardt), tolbutamide 
(Rastinon| oleum rapae. Intraperitoneally: cortisone (Merck), cyclophosphamide 

(Endoxan*). One column represents values obtained from 5 animals 

experimental  animals. Under  the influence of  drugs the 358 incorporat ion 
gives no informat ion on the degree of  biosynthesis or the extent  of  sulfat- 
at ion of  GAG. 

2. Incorporation o/Radioactivity into the GAG of Embryonic Tissue 

As m a y  be seen from the results given in Table 1 all the experimental  
conditions which alter the kinetics of  the radioact ivi ty  in the serum are 
also bound  to  change the rate  of incorporat ion of  35S into embryonic  GAG. 
Al though this result  is no t  very  surprising, the fact  t ha t  a changed rate of  
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Table 1. The influence o/several drugs on the ~S incorporation (352i) in GAG/rae- 
tions and the distribution o/ass labelled GAG on the ]ractions (RaSSi) 

dpm 
~gU. A. 

= incorporation-equivalent (ssSi) 

Fraction I Fraction I I  Fraction I I I  

Ratio of 35Si-values of 
fraction I I I  over I 
and I I I  over I I  

I I I  I I I  
R a ~ S i ~  R~sSi I I  

Embryo 
day 13 

Controls 
Rape-seedoil 
Na-Salieylate 

Embryo 
day 15 

Controls 
Vitamin A 

53.84-11.9 5514- 63 16664-289 
239 ~37 .6  11304-360 33604-769 

96 ~:12.7 4 4 9 ~  36 7474- 72 

80 4-10 1294:J:147 20044-487 
129 ::[:19 14254-353 1948~573 

30.9 4- 3.8 3.0 4- 0.61 
24.2 4- 3.5 2.97 4- 0.52 

7.8 4- 2.2 1.66 4- 0.17 
(p < 0.001) (p < 0.01) 

24.8 4- 2.1 1.57 4- 0.13 
14.9 4- 3.2 1.36 ~ 0.1 
(p < 0.002) (p < 0.1) 

Pregnant rats received 500 mg/kg and day of Na-salicylate over a period of 
2 days (oral intubation). An other group was given 6 ml/kg rape-seed oil for 1 day. 
The last dose was applied on day 13 + 0 h. 30 rain later the animals got 1 mCi/kg 
Na2asS04 i.v. The embryos were taken 8h  later.--1 mill I.U./kg and day of 
vitamin A was given every 12 h over a period of 2 days. 30 min later the animals 
received the asS-activity. The embryos were taken 14 h later. 

Rape-seed oil influences the 35S incorporation equivalent ( dpm ) ~g U.A. , not 
however the ratio of incorporation equivalents (Ra~Si-values) of different fractions. 
Na-salicylate and vitamin A influence this ratio (RasSi-values) significantly, in- 
dicating an altered distribution of 35S-labelled GAG among the fractions. 

incorpora t ion  m a y  reflect  a different  ava i l ab i l i t y  of the  r a d i o a c t i v i t y  f rom 
the  m a t e r n a l  organism a p p a r e n t l y  has  no t  been t a k e n  in to  cons idera t ion  
b y  m a n y  previous  inves t iga tors .  Our  d a t a  show t h a t  a change in the  r a t e  
of  35S incorpora t ion  in to  GAG of a g iven t issue m a y  no t  be t a k e n  a pr ior i  
as an  ind ica t ion  of  an  effect of  the  drug  on GAG metabol i sm.  

I n  order  to get  some ind ica t ion  of  a possible  i m p a i r m e n t  of  GAG 
me tabo l i sm in embryon ic  t issue of drugs,  we have  subf rac t iona ted  sul- 
f a t ed  GAG according to  the i r  anionic  behaviour .  The anionic  charac te r  
a p p a r e n t l y  represents  the  mos t  i m p o r t a n t  func t iona l  p r o p e r t y  of these 
maeromolecules  (Mathews, 1968). The m e t h o d  used and  the  classif icat ion 
of  GAG species in to  groups of  different  anionic  behav iour  gives us the  
a d v a n t a g e  of  s t udy ing  the  d i s t r ibu t ion  of  r ad ioac t ive  label  on the  different  
GAG frac t ions  r a the r  t h a n  measur ing  the  overal l  i ncorpora t ion  ra te .  W e  
feel t h a t  the  ra t io  of  i nco rpora t ion  of 35S into  different  GAG frac t ions  

22 Naunyll-Schmicdebergs Arch. Pharmak., Bd. 271 
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offers a reasonable  measure  of  possible pa tho log ica l  changes occuring in 
GAG metabo l i sm.  D a t a  given in Table  1 ind ica te  t h a t  a subs t a nc e - - e . g .  
rape-seed  o i l - - w h i c h  a l ters  the  k inet ics  of ~5S in m a t e r n a l  serum does no t  
necessar i ly  change the  ra t io  of  incorpora t ion  of  r a d i o a c t i v i t y  in to  the  
different  GAG fract ions.  A l though  the  mode  of in terference of  th is  oil is 
no t  unde r s tood  a t  the  m o m e n t  i ts  effect a p p a r e n t l y  is r e s t r i c t ed  to  the  
k ine t ics  of 35S in the  m a t e r n a l  organism.  Thus  the  effect ob ta ined  closely 
resembles  t h a t  seen af te r  an  in jec t ion  of  a larger  dose of  N%asS04 into  the  
m o t h e r  animals .  A p p a r e n t l y  the  specific a c t i v i t y  of  the  precursor  is 
changed  for all  GAG frac t ions  in the  same way.  The ra t io  of 85S incorpo-  
r a t ion  in to  different  GAG frac t ions  m a y  therefore  be t a k e n  under  no rma l  
condi t ions  as being r a the r  i n d e p e n d e n t  of  the  precursor  supply .  I t  is also 
seen f rom the  d a t a  compi led  in  Table  i t h a t  a f te r  Na-sa l i cy la te  or v i t a m i n  
A given to  expe r imen t a l  an imals  a qui te  different  s i tua t ion  occurs : U n d e r  
the  influence of  these  drugs  the  ra t io  of  the  incorpora t ion  of  35S in to  the  
different  GAG frac t ions  changes dras t ica l ly .  This suggests  t h a t  these sub- 
s t a n c e s - - b e s i d e s  an  effect on the  k inet ics  of the  i so tope  in m a t e r n a l  
s e r u m - - m a y  change the  GAG me tabo l i sm wi th in  the  embryo  in a t yp i c a l  
w a y  or m a y  lead  to  a d issocia t ion  of the  different  precursor  pools wi th in  
the  embryo  (Schimmelpfennig  et al., 1972). 
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