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Disposition of Intra-Articularly Injected Hydro- 
cortisone Acetate, Hydrocortisone Free Alcohol 

and Cortisone Acetate in Arthritis~ 

cort icoids  were measu red  a t  va r ious  in t e rva l s  a f t e r  in- 
j ec t ion  (less t han  180 rain). The  in i t ia l  spec imens  were 
ob t a ined  wi th in  a p p r o x i m a t e l y  3 rain a f te r  in jec t ion .  

I n t r a - a r t i c u l a r  in jec t ion  of hydroco r t i sone  ace t a t e  has 
been  d e m o n s t r a t e d  b y  HOLLANDER, BROWN, JESSAR, 
and BROWN ~ to  p roduce  p r o m p t  a l l ev ia t ion  of  pains,  and 
d i m i n u t i o n  of synov ia l  swell ing and  effusion,  w i th  a fall  
to  more  n o r m a l  i n t r a - a r t i cu l a r  t e m p e r a t u r e  in nea r ly  
90 % of pa t i en t s  w i t h  r h e u m a t o i d  a r thr i t i s .  I n  con t r a s t  
to  this,  cor t i sone  ace t a t e  in s imi lar  or  even  larger  doses 
is far  less  ef fect ive ,  w i th  on ly  abou t  25 % of the  pa t i en t s  
showing  e v e n  par t i a l  i m p r o v e m e n t  a f te r  i n t r a - a r t i cu l a r  
in jec t ion .  

The  reason for th is  di f ference in local a n t i - i n f l a m m a -  
t o r y  ac t ion  is obscure.  Or iginal  a s sumpt ions  t h a t  t he  
di f ference was pu re ly  due  to lower so lub i l i ty  of hydro-  
cor t i sone  ace ta t e  h a v e  p roved  inadequa te .  

The  purpose  of this  repor t  is to  p resen t  the  d a t a  on 
concen t r a t ions  of ho rmone  in the  synov ia l  f luid,  its cells 
and  the  s y n o v i u m  at  va r ious  in t e rva l s  a f t e r  in t ra-  
a r t i cu la r  in jec t ion ,  i.e. the  " d i s a p p e a r a n c e  r a t e " ,  the  
r e l a t ive  d i s t r ibu t ion  of the  s teroids  in synov ia l  cells and 
fluid,  and  the  ra te  of hydro lys i s  of the  ace t a t e  esters of 
cor t i sone  and  hydrocor t i sone .  

The  c o n c e n t r a t i o n  of 17-hydrocor t ico ids  in the  jo in t  
f luid and  cells was measu red  by  al modi f ica t ion  of the  
m e t h o d s  of PORTER and SILBER 8 and of NELSON and 
SAMUELS 4 for blood.  The  ceils were sepa ra t ed  f rom the  
f luid by  cen t r i fug ing  the  jo in t  f luid and  wash ing  the  
cen t r i fuga t e  wi th  phys io logica l  saline. The  cells were  
then  exposed  to u l t r a  sound for 15 rain to  b r eak  t h e m  up. 
Af t e r  ex t r ac t ion ,  t he  a m o u n t s  of 17-hydrocor t ico ids  
were  then  d e t e r m i n e d  for the  cells, s u p e r n a t a n t ,  and  
washings.  The  accu racy  of t he  m e t h o d  was e x a m i n e d  in 
17 pa i red  obse rva t ions  o b t a i n e d  wi th in  75 rain of  in- 
j ec t ion .  The  ave rage  dev i a t i on  of t he  obse rva t ions  f rom 
the  m e a n  of each  pa i r  was 4-3 % wi th  a m a x i m u m  devia-  
t ion  of  14 %. This  degree of a c c u r a c y  is be l i eved  to  be 
due  to  t h e  r e l a t i ve Iy  h igh  concen t r a t i ons  in t he  j o in t  
f luid dur ing  the  first  two  hours  a f te r  in jec t ion .  

The  r e l a t i ve  p ropor t i on  of  t h e  free form and  the  
ace t a t e  p resen t  in the  f luid and in the  cells was de te r -  
m ined  by  c h r o m a t o g r a p h i n g  a p p r o p r i a t e  a l iquo t s  of 
e x t r a c t  by  a mod i f i ca t ion  of  the  m e t h o d  of  BURTON, 
ZAFFARONI, a n d .  KEUTMANN 6. A p p r o x i m a t i o n s  of 
quan t i t i e s  on the  c h r o m a t o g r a m  were  m a d e  b y  the  
m e t h o d  of TENNENT, WHITLA, and  FLOREY ~. 

We  h a v e  n o w  in jec ted  a t o t a l  of 23 d i f ferent  p a t i e n t s ;  
s t u d y i n g  one p a t i e n t  w i th  four  pa i red  expe r imen t s ,  and  
an o th e r  wi th  th ree  pa i red  expe r imen t s .  P a t i e n t s  w i th  
b i la te ra l  a r th r i t i s  of the  knee jo in ts  were in j ec ted  in t ra-  
a r t i cu l a r ly  wi th  a p p r o x i m a t e l y  i somolecu la r  a m o u n t s  of 
cor t i sone  ace t a t e  (E), hyd roco r t i sone  ace ta t e  (F), or  free 
hydrocor t i sone .  Pa t i en t s  w i th  un i l a t e ra l  knee jo in t  
a r th r i t i s  were  g iven  un i l a t e ra l  in jec t ions  of e i the r  of 
these  subs tances .  The  concen t r a t i ons  of 17-hydroxy-  
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Results 

Change in concentration of 17-hydroxycorticoids in total 
]oint f luid after intra-articular in]ection.-It has been  
n o t e d  t h a t  t he  ra te  of change  in c o n c e n t r a t i o n  was  
a p p r o x i m a t e l y  the  s a m e  ove r  the  per iod cha r t ed  for  t h e  
th ree  c o m p o u n d s  and  t h a t  t he  ra te  of change  in c o n c e n t r a -  
t ions  s eemed  to  b~ more closely associated wi th  phys io -  
logical  d i f ferences  in the  sub jec t  r a the r  t h a n  wi th  t he  
chemica l  charac te r i s t i c s  of t he  compounds .  

Measu remen t s  were also made  a t  24, 48, and 168 h 
a f te r  i n t r a -a r t i cu la r  in jec t ion  in some exper iments .  L o w  
c o n c e n t r a t i o n  o f  Po r t e r -S i l be r  reac t ing  mater ia l  was 
found 24 to  168 h a f te r  i n t r a - a r t i cu l a r  inject ion.  In  
general ,  F ace t a t e  in jec t ions  . resul ted in h igher  con- 
cen t ra t ions  t h a n  E ace ta te .  Most  of the  Por t e r -S i lbe r  
r eac t ing  mate r iM presen t  a f t e r  F ace t a t e  in jec t ion  was 
in the  cells, whi le  mos t  of the  ma te r i a l  found af te r  E 
ace ta t e  in jec t ion  was in the  f luid phase.  The  accuracy,  
however ,  of these  low va lues  is ques t ionable .  

Distribution o/ 17-hydroxycorticoids in cells and fluid. 
I t  has been noted ,  cons ider ing  the  c o n c e n t r a t i o n  of 17- 
h y d r o x y c o r t i c o i d s  con ta ined  in the  cells expressed  as 
a pe rcen tage  of the  concen t r a t i on  in the  uncen t r i fuged  
jo in t  fluid, t h a t  a cons ide rab ly  g rea te r  p ropo r t i on  of 
17-hydroxycor t i co ids  was found  in the  cells a f te r  in- 
j ec t ion  of F ace t a t e  t h a n  a f te r  in jec t ion  of E ace ta te ,  
and  F free alcohol.  I t  has also been no ted  t h a t  the re  was 
a sha rp  decrease  wi th  t i m e  of the  p ropo r t i on  found  in the  
cells a f te r  E ace t a t e  and  F free alcohol.  

Proportion o/ 77-hydroxycorticoids present as the 
acetate in cells and f lu id . -  The  p ropo r t i ons  of  non -hyd ro -  
Iyzed F ace t a t e  and  E ace t a t e  in t he  f luid decreased  
r e l a t i ve ly  r ap id ly  o v e r  the  f irs t  75 min  whi le  t h e  pro-  
por t ion  of  t h e  m a t e r i a l  p resen t  in t i le  cells as t he  non-  
hyd ro lyzed  ace t a t e  r e '~a ined  high. 

The  fo l lowing conclus ions  were  sugges ted  on the  basis 
of our  d a t a :  (1) the  ra te  of decrease  in c o n c e n t r a t i o n  for 
E and  F ace ta tes  and  F free Mcohol  was a p p r o x i m a t e l y  
the  s a m e  in a n y  one ind iv idua l ;  (2) t he  hyd ro lyzed  fo rm 
of bo th  of the  ace ta tes  was p resen t  in g rea te r  p ropor t ion  
in the  f luid t h a n  in t he  cells;  (3) the  p ropo r t i on  of 17- 
h y d r o x y c o r t i c o i d s  p resen t  in the  cells a f t e r  in jec t ion  of F 
ace t a t e  was g rea te r  t h a n  a f te r  the  in jec t ion  of E ace ta t e  
and  F free alcohol.  

Proportion of 17-hydroxycorticoids present in the l ining 
cells of the synovial membrane - Preliminary results. 

We also in jec ted  25 mg  of cor t isone ace ta te  or hyd ro -  
cor t i sone  ace ta t e  in to  5 a r th r i t i c  knee jo in ts  a t  va r ious  
in te rva l s  pr ior  to  s y n o v e c t o m y .  At  opera t ion ,  the  ex-  
cised synov ia l  t issue was i m m e d i a t e l y  t r ans fe r r ed  to  
the  endocr ine  l abora to ry ,  washed,  and the  inner  l aye r  
dissected free. The  l ining layer  of synov ia l  t i ssue  was 
t h e n  exposed  to  u l t r a  sound and e x t r a c t e d  for s te ro id  
analys is  bo th  b y  the  Por te r -S i lbe r  reac t ion  and  b y  pape r  
c h r o m a t o g r a p h y .  Our p r e l im ina ry  resul t s  showed  t h a t  
a large p ropo r t i on  of the  i n t r a - a r t i cu l a r l y  in j ec ted  P 
ace t a t e  was t a k e n  up and  a p p a r e n t l y  s to red  by  the  
l in ing cells of the  synovia l  m e m b r a n e  a t  leas t  for some  
days,  whereas  E ace ta te  was absorbed  in less t h a n  ha l f  
the  a m o u n t  and d i sappeared  muct l  more  q u i c k l y  f r o m  
the  synov ia l  l ining.  

X'Ve t h i n k  these  di f ferences  p r o v i d e  a clue to  t he  reason  
for t he  g rea te r  local  e f fec t iveness  of  hyd roco r t i sone  in 
the  a r th r i t i c  jo in t .  F u r t h e r  s tud ies  are in progress.  
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Riassunto 

In  p a z i e n t i  a f fe t t i  da  a r t r i t e  r e u m a t o i d e  viene i n i e t t a t o  
co r t i sone  ace ta to ,  i d roeor t i sone  ace ta to ,  o id rocor t i sone ,  
ne l  cavo  s inovia le  a r t r i t i co ,  

L a  d u r a t a  del  r i a s s o r b i m e n t o  di  ques t i  17-idrossi-  
cor t i eo id i ;  la loro d i s t r i buz ione  hel le  celtule e nel  f lu ido 
a r t i co la re  e nel te  cellule del  r i v e s t i m e n t o  s inovia le ;  le 
a n d a m e n t o  del  p rocesso  idro l i t ico  dei  c o m p o s t i  ace ta t i ,  
s t u d i a t i  con  mezz i  ch imic i  e c romatogra f i c i ,  si p r e s t a n o  
a c o m m e n t i  u t i l i  ad  i n t e r p r e t a r e  la maggiore  eff icacia  
locale de l l ' i d rocor t i sone .  

Post-Doctorate Research Fellow, United States Public Health 
Service. (Permanent address: Istituto di Clinica Media, University 
of Bari, Italy.) 

F l a v i n e s  in  E x p e r i m e n t a l  D i a b e t e s  

I t  is k n o w n  t h a t  in d i abe t e s  (al loxan d i abe t e s  in ani-  
mals,  a n d  s p o n t a n e o u s  d i abe t e s  mel l i tus  in man) ,  a 
decrease  of c o c a r b o x y l a s e  c o n t e n t  of t i ssue  ~ occurs ,  due  
to  a d i s t u r b a n c e  of  t h i a m i n e  phosphor i t a t ion% 

No s t u d y  has  so far  been  u n d e r t a k e n  to  p rov ide  in- 
f o r m a t i o n  a b o u t  t he  b e h a v i o u r  of s o m e  of t he  o t h e r  
c o e n z y m e s  in d iabe t i c  condi t ions ,  p r o b a b l y  owing  to  t h e  
d i f f i cu l ty  of c a r r y i n g  ou t  t he i r  rou t ine  d e t e r m i n a t i o n  in 
t he  t i ssue  . 

x D. SILIPRANDI and N. SILIPRANDI, Nature 168, 422 (1951). 
2 J_). SILIPRANDI and N, SILIPRANDI, Nature 169, a29 (1952). - 

N. SILIeRANm and F. NAVAZlO, Aeta Med. Stand. tt2, 147 (1952). 

Us ing  t h e  ve ry  h a n d y  m e t h o d  r e c e n t l y  d e v e l o p e d  by  
BEssEY et al. 1 for  t he  d e t e r m i n a t i o n  of r ibof lav ine  a n d  
i ts  c o e n z y m e s  in t issues ,  we h a v e  i n v e s t i g a t e d  t h e  
b e h a v i o u r  of t h e s e  cofac to rs  in a l loxan  d i abe t e s  a n d  
c o m p a r a t i v e l y  in n o r m a l  ra ts .  In  a n u m b e r  of exper i -  
m e n t s ,  F A D  has  also b e e n  d e t e r m i n e d  e n z y m a t i c a l l y  
acco rd ing  ;to t he  m e t h o d  of X~TARBURG and  CHRISTIAN. 2 

The  resu l t s  r e p o r t e d  in t h e  t a b l e  show t h a t  in d i abe t i c  
l iver  a s ign i f ican t  decrease  of F A D  a n d  a c o r r e s p o n d i n g  
increase  of the  f r ac t ion  " F M N  + R i b "  occurs .  In  an ima l s  
w i th  d iabe t i c  c o m a  b o t h  to t a l  f lav ines  a n d  F A D  vMues 
s t r o n g l y  decrease  in r e spec t  t o  n o r ma l  animals ,  while  t he  
f r ac t ion  " F M N  + R i b "  increases .  

The  a d m i n i s t r a t i o n  of r ibof lav ine  does no t  a p p r e c i a b l y  
change  the  F A D  c o n t e n t ,  e i the r  in n o r m a l  or in d iabe t i c  
an ima l s ;  on ly  " F M N  + iRib" f r ac t ion  is a u g m e n t e d .  
W h e n  r ibo f l av ine  is i n j e c t e d  t o g e t h e r  w i t h  A T P ,  F A D  
increases  s ign i f i can t ly  m o s t l y  in d i abe t i c  l ivers.  An  
ana logous  ef fec t  is no t i ceab le  a f t e r  a d m i n i s t r a t i o n  of 
F M N  a n d  of  F M N  + A T P .  

The  tow c o n t e n t  of F A D  of d iabe t i c  an ima l s  is t h e r e -  
fore  r e s t o r e d  to  n o r m a l  va lues  w h e n  r ibo f l av ine  + A T P  
or  F M N  are a d m i n i s t e r e d .  The  occur rence  in biological  
ma te r i a l s  of  t h e  t w o  fol lowing r eac t ions  : 

A T P  + Rib.  ~ F M N  + A D P  

F M N  + A T P  * F A D  + p y r o p h o s p h a t e  

d i s c o v e r e d  b y  I{EARNEY et al. a and  by  KORXBERO el al. ~ 
r e s p e c t i v e l y  in yeas t  and  in l iver  ex t r ac t s ,  i nd ica te s  t h a t  
A T P  is essen t ia l  for t he  s y n t h e s i s  b o t h  of F M N  and  F A D .  

In  our  e x p e r i m e n t s ,  t he  a d m i n i s t r a t i o n  of r ibof lav ine  
to  t he  d iabe t i c  an ima l s  is as e f fec t ive  as F M N  in res to r -  
ing F A D  to  t h e  n o r m M  values ,  p r o v i d e d  t h a t  A T P  is 
also in j ec ted .  This  is ev idence  t h a t  A T P ,  as i nd i ca t ed  b y  
these  t w o  reac t ions ,  is n e c e s s a r y  for t h e  s in thes i s  of F A D  
in vivo, a n d  t h a t  m o s t  p r o b a b l y  b o t h  t h e s e  r eac t ions  t a k e  
pIace in t h e  l iv ing o rgan i sm.  

Since A T P  has  been  found,  de f ic ien t  in d iabe t i c  l iver  5, 
t he  d i m i n u t i o n  of F A D  o b s e r v e d  in d i abe t i c  an imals ,  
m a y  be a t t r i b u t e d  to  th is  def ic iency.  
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Flavines #g/g of fresh liver tissue 

Treatment 
or condition 

Rib.(1) 
Rib.+ ATP(2) 
FMN(3) 
FbIN+ATP (4)' 

N ° of I 
,experi- 
ments 

18 

11 

15 
10 

Normal rats 

Total flavines 

33.93 ± 4.11 

39.22 ~ 4.80 
39.95 ± 4.20 
38.02 4- 3.75 
39.05 4- 4.20 

FAD 

29-33 4- 3.41 
(27-75 :j: 3'05) 

31.75 :j: 3.60 
32.45 4- 3.45 
33.74 i 3.65 
34-80 ± 3-70 

FMN + Rib, 

4'60_-{:-0"51 

4.47 4- 1.90 
7.50 4- 1.65 
4.28 4- 1.15 
4.25 4- 1.20 

Diabetic rats 
N ° of I 

experi- 
ments 

19 

(9 8 

10 
9 

14 
10 

Total flavines 

27.874-3"01 

19"83 4- 2"04 

31.47 4- 3.50 
34"45 4- 3.70 
34"25 4- 3.2O 
33-65 :J= 3-30 

FAD 

21"40 4- 3.01 
(19"80 4- 2"60) 
11"50 4- 1"51 

(11"10 4- 1.30) 
20.92 4- 2.70 
27.40 4- 3.10 
28,55 4- 3.45 
29"OO 4- 3.55 

FMN + Rib. 

6.47 4- 0.7 

8"33 -4- 1"10 

10,55 4- 1-40 
7'05 4- 1"10 
5'70 4- 0"85 
4'65 4- 1"05 

The values represent the means 4- the standard error of the means, The substances were injected to the animals intrapcritoneally in the 
following amounts: (1) Rib. 0"5 mg; (2) Rib. 0-5 mg + ATP,Na I mg; (3) FMN 0.6 rag; (4) FMN 0-6 mg + ATP.Na 1 mg. (o) In these ex- 

periments rats were in diabetic coma, ( ) FAD determined cnzymafically according to WARBVRG and CHRISTIAN (5). 


