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l abora to ry ,  P h o s p h o c r e a t i n e  d i sod ium sal t  h y d r a t e  
(Sigma),  DL-Phosphoser ine  (Fluka) ,  N a 2 H P O  4 (Merck), 
Adenos ine -5 ' - t r i phosphor i c  acid d i sod ium sal t  (Merck). 
The  c o m p o u n d s  were used w i t h o u t  f u r t h e r  pur i f ica t ion .  
All  the  d rugs  were dissolved in saline.  

The  an ima l s  received an  i.v. infus ion  of 2 I U / k g  of vaso-  
press in  a t  a r a t e  of 1.6 I U / k g / m i n  a n d  p h o s v i t i n  (750 mg/  
kg i.p. plus  250 m g / k g  Lv. a t  a r a t e  of 25 m g / k g / m i n  
respec t ive ly  25 and  10 ra in  before  s t a r t i n g  the  vasopress in  
infusion).  The  same schedule  was  fol lowed w i t h  t he  drugs  
for compar ison ,  wh ich  were a d m i n i s t e r e d  in s toichio-  
me t r i c  a m o u n t s  re la t ive  to t he  phost~horous con ten t .  The  
A T P  was on ly  a d m i n i s t e r e d  i.v. and  in a non-s to ich io-  
me t r i c  dose (10 mg/kg)  because  of i ts  side effects (depres- 
s ion of b lood-pressure  etc.). Cont ro l  rats ,  u n d e r  t he  same 
e x p e r i m e n t a l  condi t ions ,  on ly  received sal ine in t he  same 
v o l u m e  as used for t he  o the r  drugs.  Fo r  each  c o m p o u n d  a t  
leas t  9 r a t s  were tes ted .  

Results and discussion. The  resu l t s  are  g iven  in t he  
Figure.  I n  al l  t h e  con t ro l  r a t s  t he  E CG  a l t e ra t ions  as 
descr ibed in t he  l i t e r a tu re  were a lways  presen t .  P h o s v i t i n  
appea red  aIways  to  exe r t  a p r o t e c t i v e  ac t ion  of ECG 
changes  p roduced  b y  vasopress in .  I n  p a r t i c u l a r  T wave  
was neve r  i n v e r t e d  or f l a t t e n e d ;  s imi la r ly  S-T segmen t  
a l t e r a t ions  were a lways  decreased or absen t .  On t he  con- 
t r a r y  t he  compar i son  drugs  phosphoser ine ,  A T P  a n d  
inorganic  p h o s p h a t e s  disclosed no  ac t iv i ty ,  w i t h  t he  
excep t ion  of p h o s p h o c r e a t i n e  wh ich  on ly  showed a s l ight  
a n d  i n c o n s t a n t  ac t iv i ty .  T he  m e c h a n i s m  of p ro t ec t i ve  
effect  of p h o s v i t i n  is n o t  known.  The  physiological  role of 
th i s  p ro t e in  ha s  been  hypo t he s i zed  as a suppl ier  of energy-  
r ich  p h o s p h a t e  ~, a n  i ron car r ier  25, or in  t he  ox ida t ive  

gene ra t ion  of energy- r ich  p h o s p h a t e  w i t h  a r eac t ion  in 
which  i ron would  be i nvo lved  in some way.  The  p r o d u c t  
of th i s  ox ida t i on  would be  a ser ine e n o l - p h o s p h a t e  which  
can  s p o n t a n e o u s l y  l ibe ra te  i t s  p h o s p h a t e  to  charge  a n  
A D P  b y  m e a n s  of an  e n z y m a t i c  system~% I t  has  a l r eady  
been  d e m o n s t r a t e d  27 t h a t  p h o s v i t i n  has  no  coronaro-  
d i l a to r  a c t i v i t y  and  t h a t  i t  does no t  decrease  the  blood 
pressure  in  t he  dose wh ich  h a v e  been  employed.  These  
resu l t s  shou ld  be  ve ry  in t e re s t ing  for a n y  possible  fu tu re  
research  in to  t he  pha rmoco log ica l  aspects  of phosv i t in .  

Riassunto. Viene d i m o s t r a t a  l 'a t t ivi tS,  p r o t e t t i v a  della 
fosv i t ina  sulle a l t e raz ion i  e le t t rocard iogra f iche  p r o d o t t e  
dal la  s o m m i n i s t r a z i o n e  endovenosa  di  vasopress ina  nel  
ra t to .  R i s u l t a t i  ana logh i  n o n  si sono o t t e n u t i  imp iegando  
fosfoserina,  fosfat i  inorgan ic i  e ATP,  f a t t a  ~ forse eccezione 
pe r  la  fos f0crea t ina  pe r  la qua le  6 s t a t s  o s se rva ta  u n a  l ieve 
m a  t r a scu rab i l e  a t t iv i t~ .  , 
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The Acidic Glycosaminoglycans of the Synovial Fluid in Rheumatoid Arthritis 

I t  is k n o w n  t h a t  t he  p r inc ipa l  acidic g lycosaminog lycan  
(GAG) of synov ia l  f luid in  m en  a n d  o the r  species is 
hya lu ron ic  acid.  The  presence  of o the r  G A G  has  been  
descr ibed b y  o the r  a u t h o r s  1,3. Smal l  a m o u n t s  of c h r o n -  
d ro i t i n -4 - su lpha te  h a v e  also been  descr ibed in some pa-  
thological  h u m a n  synov ia l  fluids3, a, a l t h o u g h  because  
of t he  f r a c t i o n a t i o n  m e t h o d s  used i t  was  di f f icul t  to  
q u a n t i t a t e  t he  isomeric  chondro i t in - su lpha tes .  

This  r epo r t  p re sen t s  d a t a  on  t h e  G A G  c o n t e n t  of t he  
synov ia l  f luid of the  knee  j o i n t  of p a t i e n t s  w i t h  r h e u m a -  
to id  a r t h r i t i s  a n d  h e a l t h y  donors  us ing  t echn iques  now 
ava i l ab le  for t he  q u a n t i t a t i o n  of G A G  in order  to  get  
f u r t h e r  ins igh t  in to  t he  changes  in chemica l  compos i t i on  
of synov ia l  f luid in  r h e u m a t o i d  a r th r i t i s .  

Material and methods. The  synov ia l  f luids were o b t a i n e d  
f rom 18 p a t i e n t s  w i t h  classical r h e u m a t o i d  a r t h r i t i s  5 
(males, age 18-39 years)  a n d  12 ma le  donors  w i t h  appa r -  
en t ly  n o r m a l  knews  b y  p u n c t u r i n g  t he  knee  jo in t s  as 
descr ibed b y  BALASZ et  al.% All p a t i e n t s  were n o t  u n d e r  
cor t icos tero id  t r e a t m e n t  w h e n  samples  were t aken .  As 
m u c h  f luid as possible  was  o b t a i n e d  f rom each  j o i n t  (0.4 to  
0.9 ml) .  Owing  to  t he  smal l  a m o u n t  of f luid o b t a i n e d  f rom 
the  h e a l t h y  donors,  t he  respec t ive  f luid of 3 jo in t s  were 
pooled.  P r io r  to  analysis ,  samples  were cen t r i fuged  a t  
75,000 • g to  r emove  t he  ceils a n d  s tored  a t  - -20~ The  
G A G  were p r e c i p i t a t e d  b y  t he  add i t i on  of c e t y l p y r i d i n i u m  
chlor ide  to  f ina l  c o n c e n t r a t i o n  of 0.2% and  i n c u b a t e d  a t  
3 7 ~  l b .  

The  crude  G A G  were pur i f ied  b y  d issolv ing t h e m  in  
1 . 2 5 M  m a g n e s i u m  chloride.  The  re su l t ing  G A G  were 
p r ec ip i t a t ed  w i t h  3 vo lumes  of 2% sod ium ace t a t e  in 
95% e t h a n o l  d u r i n g  24 h. F u r t h e r  pu r i f i ca t ion  was 
o b t a i n e d  b y  red isso lv ing  t he  G A G  in 5% p o t a s s i u m  

ace t a t e  a n d  r e p r e c i p i t a t i n g  t h e m  w i t h  3 vo lumes  of 95% 
e t h a n o l  for 12 h. 

The  pur i f ied  GAG t h u s  o b t a i n e d  were dissolved in 
0 . 7 5 M  sod ium chlor ide  for f u r t h e r  analysis .  To ta l  uronic  
acids were d e t e r m i n e d  on  an  a l i quo t  of t he  above  b y  t he  
m e t h o d  of BITTER a n d  MIJIR 7 and  t he  or ig inal  r eac t ion  
descr ibed  b y  DlscI~E s. To ta l  h e x o s a m i n e  was m e a s u r e d  
fol lowing t he  m e t h o d  of CEssI and  PILLa~GO 9 af te r  
hydro lys i s  of a l iquo t  f rac t ions  in  4 N  HC1 a t  100~ for 
4 h us ing  g lucosamine  HC1 as s t a n d a r d .  Su lpha t e  was 
d e t e r m i n e d  b y  an  An tonopou lo s  mod i f i ca t i on  of t he  
benz id ine  m e t h o d  10 a n d  n i t rogen  b y  t he  K je ldah l ' s  
me thod .  Galac tose  was m e a s u r e d  w i t h  t he  t e c h n i q u e  of 
DISCHE 11. The  pur i f ied  GAG were t h e n  f r a c t i o n a t e d  b y  
c h r o m a t o g r a p h y  on celulose m i c r o l u m n s  b y  t he  t e c h n i q u e  
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Table I. Chemical analysis of the crude glyeosaminoglyeans form Table II. Concentration of acidic gag in synovial fluid from normal 
normal and rheumatoid synovial fluid human and rheumatoid knee joints 

Normal fluid Rheumatoid Normal fluid Rheumatoid 
fluid fluid 

Uronic acids Total GAG 249.6 =k 20 .6  112.3 ~ 9.8 -55.2% 
Carbazol method 557.6 ~, 230.8 Hyaluronic acid 219.2 :k 16.3 90.6 =k 8.3 59.0% 
Orcinol method 532.7 2 1 9 . 3  Chondroitin-4-sulphate 4.2 =k 0.31 1.9 =k 0.007 -54.8% 

Hexosamine 529.4 222.1 Recovery (by addition) 223.4 92.5 
Sulphate 8.2 4.6 
Nitrogen 31.4 18.3 

~Figures are expressed as mg of GAG/100 ml. 

~4 pooled samples. Concentration of GAG was based on 40% uronic 
acid content. Figures are expressed as mg of GAG/100 ml synoviaI 
fluid :k S.E. 

of SVEJCAR and ROBERTSON 1~. In  order  to q u a n t i t a t e  the  
d i f ferent  GAG, uronic acid concen t ra t ion  was also 
de t e rmined  on each GAG fraction.  GAG concen t ra t ion  
was  based on 40% uronic acid content .  I d e n t i t y  of each 
GAG fract ion was t e s t ed  by  the  character is t ic  co lumn 
ch roma tograph ic  elut ion p a t t e r n  and infrared spectra .  
Recover ies  of 20-500 tzg of hyaluronic  acid alone or when  
added  to 0.5 ml  of synovia l  fluid and  carried t h rough  the  
ent i re  procedure ,  var ied be tween  86-94%.  

Results. Table  I shows the  chemical  analysis  of the  
crude GAG from normal  and  rheuma to id  synovia l  fluid. 
Figures  for uronic acids in b o t h  normal  and  rheuma to id  
fluids are ve ry  s imilar  when  measured  wi th  the  BITTER 
and  MuIR v reac t ion  and the  orcinol method ,  hence  the  
uronic acid shoud be n-glucuronic  acid. 

Table  1I d e m o n s t r a t e s  the  concen t ra t ion  of the  GAG 
fract ions  of the  normal  and rheuma to id  fluid expressed in 
mg  of GAG/100 ml. I t  can be seen t h a t  the  concen t ra t ion  
of to ta l  GAG in the  rheuma to id  fluid was 44.8% below 
normal  values. In  the  f rac t iona t ion  studies,  hyaluronic  
acid and  chondro i t in -4-su lpha te  were 59% and 54.8% 
decreased in the  rheuma to id  fluid as compared  wi th  
controls .  K e r a t a n  su lpha te  (galactose) was no t  de tec ted  in 
any  fraction.  

Our s tudies  and those  of the  SEPPALA et al. 4,13 conf i rm 
t h a t  hyaluronic  acid is the  main  c o m p o n e n t  of synovia l  
fluid. I t s  concen t ra t ion  in bo th  normal  and  ar thr i t ic  fluid 
was more  t h a n  80% of t he  to ta l  GAG. Chondroi t in-4-  
su lpha te  was also p resen t  in smal l  amoun t s  (less t h a n  2 %). 
We  also de tec ted  in our f rac t iona t ion  studies,  t races  of a 

th i rd  c o m p o n e n t  t h a t  Mutes cons is ten t ly  wi th  the  mag-  
nes ium chloride 0 .75M acidified fraction.  Inf ra red  
spec t ra  of this  c o m p o n e n t  would be s imilar  wi th  t h a t  of 
chondroi t in-6-sulphate .  F u r t h e r  s tudies  are in progress.  

Resumen. Se es tud ia ron  los g lucosaminoglucanos  de1 
l iquido sinovial  de la rodil la de pac ientes  con ar t r i t i s  
r euma to idea  cl~sica. E1 nivel de g lucosaminoglucanos  
to ta les  desciende en la ar t r i t i s  un 55% comparado  con los 
controles.  Es to  es debido p r inc ipa lmen te  a la d i sminuc idn  
del ~cido hialurdnico (59%). Se confirm6 la presencia  de 
pequefias  ean t idades  de controidin-4-sulfa to  y se de tec ta-  
ron t razas  de una  sus tancia  s imilar  al condroi t in-6-  
sulfato. 
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B i o c h e m i c a l  and  M o r p h o l o g i c a l  C h a n g e s  Induced  by  T r i t o n - X  100 in Ske le ta l  M u s c l e  
of  Rats  After  A b d o m i n a l  A o r t a  L iga t ion  1 

The possible  vascular  pa thogenes i s  of some forms of 
muscular  dys t rophy~,  ~ has been  inves t iga ted  recen t ly  
wi th  growing interest ,  cu lmina t ing  in t he  s tudy  of exper-  
imen ta l  myopa th i e s  caused by  a l te ra t ion  of the  c i rcula tory  
equi l ibr ium in muscular  t issue 4-6. 

In  1971 ~/~END1;LL et  al. 6 ob ta ined  histological  changes  
s imilar  to  those  previous ly  observed wi th  microembol isa-  
t ion  of the  femoral  a r t e ry  5, by  i.p. admin i s t r a t i on  of 
sero tonin  or noradrena l in  to  abdomina l  aor ta  l igated rats.  
I n  t he  au thor ' s  opinion tile myo tox i c  act ion migh t  be due 
to  2 c o n c o m i t a n t  sub th resho ld  vascular  mechan i sms :  
chronic hypox ia  induced by  aor ta  l igation,  and  acute  
hypox i a  ( funct ional  and t rans ient )  induced  by  serotonin  
t h rough  vasoconst r ic t ion .  

However ,  m u c h  evidence pu t s  in ques t ion  the  vaso- 
cons t r ic t ive  effect  of serotonin  when  given i.p. or s.c. 7-1~ 
I t  was therefore  decided to inves t iga te  whe the r  ligation~of 

the abdominal aorta predisposes the muscular tissue to 
damaging action by substances whose mechanism is not 
vascular. The present study deals with the myotoxic 
effect of a non-ionic detergent, Triton-X I00 (p(l, 1, 3, 3- 
tetramethylbutyl)phenylpolioxyethylene ethanol) whose 
damaging effect on cellular membranes is well known 11. 

Methods. Male rats weighing 150-200 g were used. The 
following groups were investigated. I. Controls: animals 
which were not treated; 2. Triton-X i00: animals treated 
with a single dose of Triton-X 100.(5 mg/kg, 1% solution 
in saline) i.p. The animals were sacrificed after 48 h. 
3. Ligation of the abdominal aorta: animals operated 1 
week before sacrifice. 4. Ligation of the aorta and Triton-X 
I00 : Triton was administered at the same dose to animals 
with aorta ligation as in group 3. 

Results. The Table gives the results of the biochemical 
studies. Whilst treatment with Triton alone had no 


