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FIG. 3. Anterior yiew of a unit of the anal fin 
susyensoriuni at tlw le-rel of the fifth interhemnl 
spine (S). A. Sormal  adult female: the meso- 
nost ( M )  and basrost (E) are  discrete, the baseost 
being bipartite. B. Xormal adult male: the mcso- 
nost (35) is fused t o  the base of the  interhemsl 

spine ( S )  and the bnseost (E) is unipartite. 
A b b ~  eyia ti o m  : S-hit e r liemn 1 spine ; 31-ineso - 

nost ; B-baseost ; F-aiial fin ray. 

comprise the basal portion of the anal fin 
suspensorium. In normal adult females they 
are discrete; the baseosts being bipartite (Fig. 
3A) .  In  normal adult males, the mesonosts 
are apparently missing, but they are actually 
fused to the ventral surfaces of the interhemal 
spines (Fig. 3B). The baseosts in males are 
discrete but unipartite. 

In 6 of the 1 2  adult females treated with 

methyl testosterone for 8 weeks, the entire 
series of mesonosts was fused to the ventral 
surfaces of the first 8 interhemal spines. In 
the 6 remaining animals, the anterior mes- 
onosts were fused while the posterior ones were 
close to but not fused to their corresponding 
interhemal spines. In all of the treated 
animals, the baseosts had begun to take on 
the unipartite condition characteristic of nor- 
mal males. The 7 control females had 
normal, discrete mesonosts and bipartite base- 
osts. 

Szimmary. Alpha-estradiol benzoate induced 
the dissolution of one or two anterior hemal 
spines in a significant number of immature 
and maturing male platyfish but elicited no 
response in adult males. Methyl testosterone, 
administered to adult female platyfish, in- 
duced the fusion of 2 series of small, basal 
bony elements, the mesonosts and baseosts. 
The mesonosts ordinarily discrete, became 
fused to the ventral surfaces of the interhemal 
spines. The baseosts, normally bipartite, be- 
came unipartite. 
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Rate of Disappearance and Metabolism of Hydrocortisone and Cortisone in 
the Synovial Cavity in Rheumatoid Arthritis.*+ (20447) 

Several investigators have found that the 

* This investigation n a s  supported by grants _ _  _______ 

pound F. 1 1-hydrosy-cor'ticosterone) is effec- 
acetate of hydrocortisone ( Kendall's ('om- tive in suppressing inflammation when injected 

into joints with synovial effusions( 1-3). Since 

from the Masonic Foundation io r  Medical Research t The steroid hormones used in these experiments 
and Human Welfare. and the -American Cancer were generously supplied by Dr. Elmer Alpert, of 
Society . Merck & Co. 
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the synovial fluid is easily accessible to analy- 
sis, this observation affords an opportunity of 
studying some of the processes which may ac- 
company the therapeutic response in the arth- 
ritic joint. 

Cortisone acetate has been found to be far 
less active than hydrocortisone acetate when 
administered intra-articularly, while both are 
known to relieve rheumatoid arthritis when 
administered systemically. It was of inter- 
est, therefore, to determine whether difference 
in their rates of absorption from the synovial 
cavity would account for the difference in ac- 
tivity. Accordingly quantitative assays have 
been performed on extracts of synovial fluid 
aspirated at  various time intervals after the 
injection of cortisone, hydrocortisone and their 
acetates. 

Another explanation for the difference in 
local effectiveness might be that cortisone must 
be converted to hydrocortisone in order to be- 
come therapeutically active, and that this 
transformation cannot adequately be effected 
by synovial tissue, though it does presumably 
occur elsewhere in the body when cortisone is 
given systemically. It is also possible, finally, 
that both compounds must be converted to an 
active substance, as yet unknown, before 
exerting their effect a t  the site of inflamma- 
tion. A search for metabolites of cortisone, 
hydrocortisone and their acetates in the syno- 
vial fluid was, therefore, undertaken. 

Experhnental. Injection of compounds and 
aspiratioit of fluid. The 6 subjects were pa- 
tients with rheumatoid arthritis who had ef- 
fusions in the knee joints. They were receiv- 
ing maintenance cortisone therapy in a dos- 
age of 75 to 100 mg of cortisone acetate per 
day orally. In  most experiments a control 
sample of synovial fluid was withdrawn before 
injection of steroid. If a subject had effusions 
in both knees, the entire fluid from one knee 
was used as control. If only one effusion was 
present, approximately half the fluid was 
withdrawn for control analyses before injec- 
tion of steroids. In  several instances a 2-week 
interval was allowed after aspiration of all the 
fluid for control analyses, during which the 

$This was the saline diluent provided by Merck 
and  Co. wbicch contains suspending agents and 0.9% 
benzyl alcohol. 

fluid reaccumulated, and the injections were 
then performed. 

Cortisone, hydrocortisone, and their ace- 
tates, in quantities of 25 to 100 mg were in- 
jected into the knees in saline suspension.* 
The knees were flexed and massaged repeated- 
ly to effect mixing in the synovial fluid, and 
after various time intervals all the fluid was 
withdrawn. Two 20 ml portions of physio- 
logical saline solution were then injected, and 
withdrawn after further flexion and massage. 
After noting the volumes, the original fluid 
was combined with the saline washes. In a 
number of experiments it was possible re- 
peatedly to recover 20 ml volumes of injected 
physiological saline completely, and it is be- 
lieved, therefore, that the synovial fluid con- 
taining the injected compounds as well as the 
saline washes were also accessible to complete 
removal. 

Model experiments were performed to test 
whether simple settling out to an inaccessible 
region of the synovial cavity would be an 
appreciable factor in recovery experiments. 
Twenty-five ml of synovial Auid aspirated 
from the knee joint of a patient with rheuma- 
toid arthritis was placed in a cellophane 
dialyzing bag. One ml (25 mg) of cortisone 
acetate suspension was pipetted into the ten- 
ter of this fluid. The suspended steroid im- 
mediately rose to the top of the fluid. The 
bag was tied off just above the upper fluid 
level, then alternately squeezed, released, and 
bent, in simulation of flexing and massage of 
the knee joint. After one hour, approximately 
5 to 110% of the steroid material had settled 
to the bottom, leaving most of the steroid 
suspended. 

Extmction. The combined synovial fluid 
and saline washes were diluted with nine vol- 
umes of distilled water, shaken to break up the 
viscous masses of mucoid material, then ex- 
tracted three times in separatory funnels, with 
a volume of chloroform equal to one-third the 
volume of the diluted fluid, After each extrac- 
tion the resulting emulsion was centrifuged, 
and the aqueous layer obtained was recom- 
bined with the main portion. The combined 
chloroform extracts were washed once with 
cold 5% sodium carbonate solution and 3 
times with distilled water. The chloroform 
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TAELE I. Rccoveries of Cortisone, Hvdrocortisone, and Their Acetates f r o m  Synovial Fluid 
and Water.+ 

Procedure controls 
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reacting steroids. 
('alculated in equimlents of the co1npound listccl as a referelice standarcl. 

$ The act tates d o  not react in the foflii;-rldebydogeilic assay. 

was then evaporated to dryness a t  tempera- 
tures not over 4O"C, in vacuo, and the residue 
quantitatively transferred to a small vial. 

Qzruntitative assays. 1 ) Porter-Silber. All 
extracts were assayed by a micro modification 
of the Porter-Silber reaction (4) using phenyl- 
hydrazine in sulfuric acid. The appropriate 
standard was used if the compound to be as- 
sayed was known. Unknown mixtures are 
expressed as mg cortisone equivalent. 

2 ) Periodic acid oxidation. The formalde- 
hj-de liberated by periodic acid was deter- 
mined by a micro modification of the direct 
reaction of Lowenstein, Corcoran and Page 
0). 

3 )  3lolybdate reduction. A micro adapta- 
tion of the acid molybdate reduction assay of 
Heard and Sobel(6) was employed for some 
extracts. 

Paper rhromatopaphy. The procedure of 
Burton and Zaffaroni( 7,8) was employed with- 
out major modifications. The steroids were 
located by cutting 2 mrn wide test strips from 
the main chromatogram, and applying in turn 
the triphenyl tetrazolium chloride reduction 
test ( 7 ) .  the osmium tetraoxide reduction test 
(9).  and by noting the areas of fluorescence 
after application of concentrated sulfuric acid 
(8). The chromatograms were developed in 
toluene-propylene glycol (diluted 1 : 1 with 
methanol) for periods varying from 5 to 9 

days, in order to separate slow moving com- 
pounds, after which the runoffs were reapplied 
and developed for shorter periods in order to 
yield the faster moving compounds. 

Results. 1. Procedure controls. Control 
recovery experiments were performed in order 
to check the precision of the method. Table I 
shows that when 2 5  mg of cortisone alcohol 
were added to 250 ml of water, and put 
through the entire extraction and assay pro- 
cedure, an average of 81% was recovered by 
the 3 assay methods. When the 4 steroids 
were added to 25 ml of human synovial fluid, 
which was then diluted with 225 ml of water, 
the recoveries were somewhat lower by the 
reduction and Porter-Silber methods. When 
0.5 mg quantities were added, the values 
showed greater deviations from the mean 
assay. 

2 )  Post injection recovery experiments. 
Table I1 summarizes the assay findings on 
synovial ff uids withdrawn at  various intervals 
after injection of cortisone and hydrocortisone 
acetates and free alcohols. Values in the 3 
right hand columns have been corrected for 
the percentage recoveries obtained in the pro- 
cedure control experiments. When the fluid 
was removed only 5 minutes after injection 
of 50 mg of steroid, there was already an aver- 
age diminution of about 40% in the cor- 
rected assay. One hour after the injection of 
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TSBLE 11. Recoveries of Hydrocortisone, Cortisone, and Their Acetates” after I n  jectioii into 

r r - - -  % recovery by assays t ~-------, 
Compound mg fore aspira- ,--------, procedure controls: 
injected Patient injected tion (min.) E’S AIRS PS PX NRS PS$ 

Synovial Cavity. 

Iii t e r r  a1 be - Uncorrected Corrected for  

______~l____l  

G. R,. 
G. R, 
E. X. 

G. R. 
G. R,. 
H. G. 
R. M. 
G. It. 
G. R. 
G, R. 
E. TV. 

M. F. 

S. B. 
G. R,. 
G. R.. 
G. R. 

r,. M. 
G. R,. 
G. R. 
G. R. 

30 
50 
30 
30 
25 
5 0 

100 
5 (J 

1u0 
100 
lU0 
100 

1U0 
100 
100 
100 

100 
100 
100 
100 

3 

3 

6 0 
ti0 
ti0 
60 
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180 

30 
30 
30 
30 

s r g  
180 
1 80 
180 
180 

180 
180 
180 
180 

Avg 

Avg 

- 
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- 
- 
- 
- 
- 
_- 

16.1 
18.0 

7.9 
21.3 
15.8 

1.1 
.3  
.6 
.3 
.6 

3.4 
2.5 
.8 
.8 

1.9 

30 
.- 56 

6 
9 

- 14 
8 

I 13 
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18.9 10.5 

9.9 10.2 
16.5 l S . l  
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1.4 1.1 
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.8 .4 
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5.5 1.1 

- 
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- 
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1 . 2  
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.7 
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3.8 
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.9 
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46 
86 
9 

14 
- 2 1  

1 2  
20 
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- 
- 
- 
- 

__ 
__ 
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21.5 25.2 
28.7 16.2 
15.0 15.7 
25.0 27.8 
22.6 22.0 

4.0 7.7 
2.1 1.7 
1.7 1.8 
1.2 .fi 
2.3 3.0 

10.7 2.5 
7.0 1.8 
7.6 .8 
5.1 5.2 
7.6 2.6 

65 I 

* E is  cortisone; F is hydrocortisone; E ac  and F ac are their acetates. 
t HS, formaldehydogenic steroids ; MRS, molybdate reducing steroids ; PS, Porter-Silber 

$ Each assay is corrected for the avg 70 recovery of exp. 3, 4, 5 and 6 shown in Table I. 
9 Calculated in equivalents of the injected compound as a reference standard. 

reac ting steroids. 

hydrocortisone acetate and cortisone acetate 
the steroid remaining had decreased to an 
average of 14% of that injected. In  four 
identical experiments 30 minutes after the in- 
jection of 100 mg hydrocortisone free alcohol, 
the average recovery was 21%. Similar ex- 
periments 3 hours after injecting 100 mg of 
either hydrocortisone or cortisone free alcohols 
gave an average recovery of only about 2%. 

3. Paper chromatographic analyses. A series 
of extracts prepared from synovial fluid sam- 
ples of a single subject ( G .  R.), after the in- 
jection of hydrocortisone free alcohol, were 
submitted to chromatographic analysis on 
paper. On each occasion 50 mg of the steroid 
were injected, and the entire synoviaI fluid 
subsequently withdrawn and combined with 
saline washings. The results are qlepicted in 
Fig. 1. Porter-Silber assays on the crude ex- 
tracts showed that 29.2 mg or only 56% of 
the injected steroid could be recovered from 

the synovial fluid 5 minutes after injection. 
In the half-hour and one hour experiments the 
assays were 4.4 mg and 0 mg respectively, 
again showing the rapid disappearance of the 
injected steroid. 

The left hand chromatogram in Fig. 1 
shows the approximate position of known pure 
compounds run on parallel strips when 100 p g  
were applied on a one cm paper and tested by 
the reduction spot tests. The second chroma- 
togram of Fig. 1 shows the results with the 
combined pre-injection control fluid extracts, 
run on one cm papers. Since this patient had 
been receiving 100 mg of cortisone acetate 
orally per day for a period of 18 months, it is 
interesting to note that no cortisone (com- 
pound E) could be seen on the control fluid 
chromatogram. Qnly one faint band was seen, 
indicating the presence of about 50 p g  of a 
substance having a mobility similar to that of 
hydrocortisone (compound F) . The third chro- 
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DISAPPEARANCE OF HYDROCORTISONE (FREE) 
FROM SYNOVIAL FLUID 

(G R a‘ RHEUMATOID SPONDYLITIS) 

Mg Injected 

lntermt Post Injection (minsl 
Volume Aspiroted (ml) 

Porler-Sllber Assays 
on Crude Extract (mg ) 

CHROMATOGRAMS 

Combined 
Control POST INJECTION FLUIDS 
Fluids 

0 5 0  50 50 50 
5 5  30 60 

37 0‘ 28 26 36 

022 38 282 4.4 0 

Cpd F 
SusDenslon 

FIG.  1. Diwppearrance of hydrocortisone (free) from synovial fluid. “Tat F” is tetrahydro- 
hydrocortisone; “Tet  E ”  is tetraliydrocortisone; “F” is hydrociortisone; “E”  is cortisone; 
‘ ‘I3 ” is eorticosterone : DOC ’ ’ is 11-desoxyeorticosterone. Although tetra~gdro-hydrocorti- 
sone was not available as a pure reference standard, its mobility is believed to be w shown on 
the chart, by analogy both with isomeric adrenal cortical compounds, and with chromatographic 

fractiom of urine extract shown t o  contain, this compound. 
*. No effusion was present in the joint when this experiment was done. The steroid recovered 

was obtained by washing the joint with two 20 ml portions of saline solution. 

matogram shows that no compounds other 
than hydrocortisone were detected in the sus- 
pension used for injection. 

The 4 post-injection chromatograms, run on 
5 cm papers, revealed chiefly unchanged hy- 
drocortisone. Additional weak reducing bands 
indicated metabolic products of hydrocortisone 
retaining the a-ketol structure. In  order to 
concentrate these materials? all sections of 
each of the 4 papers above the hydrocortisone 
band were eluted and combined. Eluates of 
the four 5-hour papers containing the faster 
moving compounds were also combined. 

Fig. 2 shows the results obtained when the 
eluates of these combined cuts were rechroma- 
tographed on narrower strips. Three distinct 
bands were found. The slow moving material 
found above the hydrocortisone band yielded 
a band which had scarcely moved after 7 days. 
The combined eluates of the previous 5-hour 
papers yielded 2 more bands, having mobili- 
ties similar to cortisone and corticosterone 
(compound B) respectively. 

In  Fig. 3 are shown the results of experi- 
ments in which cortisone acetate was injected 
intra-articularly. The extract of 130 ml of 
control fluid obtained from this subject 
(H. G.) was chromatographed on a 0.5 cm 
paper. Only one faint, slow moving band 
was seen. Chromatography of the injected 
suspension revealed the presence of free corti- 
sone as well as the acetate. I n  the post-injec- 
tion experiment, the synovial fluid was aspi- 
rated 2 hours after the injection of 100 mg 
of cortisone acetate. After extraction and 
chromatography on a one cm paper for 5 days, 
a strong band was seen above the free corti- 
sone. The mobility of this material was 
similar to that of tetrahydrocortisone. The 
sulfuric acid chromogen absorption curve (10) 
of this band was similar to that of tetrahydro 
cortisone and definitely indicated the absence 
of hydrocortisone in this band. On reapplying 
the runoff from the 5-day paper for a period 
of 5 hours, 2 weak bands moving faster than 
the cortisone acetate were seen. 
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METABOLITES OF HYDROCORTISONE (FREE) 
IN THE SYNOVIAL CAVITY 

(G.R.Cf RHEUMATOID SPONDYLITIS) 

Pure 
Gpds. 
W J q  

40Wrs  { :: 1 
DOC 4 

5 His. 

Combined 
Gontrol 
Fluids 

I 
1 

Combined Cuts 
Post Injection 

5- 60 rnin. 
Slow Fast I 

FIG. 2. Metaibolites of hydrocortisone (free) in 
the synovial cavity. ' Teit F' is tetrahydro-hydro- 
cortisone; ' ' Tet E ) ) is tetra-hydrocortisone ; ' ' F ) ' 
is hydrocorkisone; ' E ) ' is cortisone; ' S " is 11- 
deeoxy-17-hydroxy corticosterone ; ' 'B ) ' is e'orti- 

costerone ; " DOCJ') is 11-desoxycorticosterone. 

Five minute and one hour experiments 
(Fig. 3 )  were performed on another subject 
(G. Rs), after the injection of 50 mg of corti- 
sone acetate. When these extracts were 
chromatographed, no new bands were seen 
after 5 minutes in the knee, while material 
moving more slowly than cortisone was seen 
after one hour. 

Discussion. The apparent rapid disappear- 
ance of the relatively insoluble corticosteroids, 
cortisone and hydrocortisone, from the syno- 
vial fluid was quite surprising. I t  is possible 
that the low recoveries after injection are due 
in part to the mechanical inaccessibility of a 
portion of the injected material. When corti- 
sone acetate suspension was injected into 
synovial fluid contained in a cellophane bag, 
however, mechanical settling occurred too 
slowly to account for the extremely low re- 
coveries after one and 3 hours. It seems likely, 
therefore, that a definite adsorption or absorp- 

tion process involving the synovial tissue takes 
part in the removal of injected steroid from the 
synovial fluid. Since: as indicated by our 
results. hydrocortisone and cortisone are re- 
moved from the synovial fluid at  essentially 
the same rate, the difference in their thera- 
peutic activity locally cannot be ascribed to 
a difference in ease of absorption by the 
synovial membrane. 

Chromatographic analysis of the post;in- 
jection extracts indicates the presence of me- 
tabolites of the compounds originally injec- 
ted. Conclusive identification of these me- 
tabolites must await the accumulation of suffi- 
cient material to yield more positive informa- 
tion than that afforded by spot tests on the 
paper chromatograms. These experiments are 
now in progress. The appearance of well 
localized bands which were not seen in either 
the control synovial fluid or in the suspension 
which was injected, are taken as strong evi- 
dence, however, that chemical transformation 
of the steroid compounds has been effected 
either by the synovial tissue, or by the in- 
flammatory cells infiltrating the synovial mem- 
brane as a result of the arthritic process. It is 
believed probable that the metabolites found 
in synovial fluid represent the back diffusion 
of a small proportion of the new compounds 
being formed. 

The finding of metabolites, in this instance, 
implies that the target tissue has metabolized 
the hormone which is acting upon it. On the 
basis of the present data it cannot, of course, 
be decided whether or not such transforma- 
tions are essential to the therapeutic activity 
of the hormone. There is some suggestion, 
however, that hydrocortisone and cortisone are 
metabolized to different products, a t  least in 
part. The strongest bands in the hydro- 
cortisone experiments were faster moving than 
hydrocortisone, whereas after cortisone injec- 
tion the most abundant material had a slow 
mobility similar to that of tetrahydrocortisone. 

Proof of intra-articular metabolism of 
steroid compounds requires elimination of the 
possibility that the metabolites which were 
observed had actually been formed elsewhere, 
as in the liver, for instance, and had returned 
to the synovial fluid from the general circula- 
tion, following absorption of the injected com- 
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METABOLITES OF CORTISONE ACETATE 
I N  THE SYNOVIAL CAVITY 

Control Cpd 
Fluid ~ EAC I 
H.G.~ SUSP. 

POST I N J E C T I O N  
GR. d I ::r! 1 Smin. 1 Ihr 

F I G .  3. Metabolites of  cortisone acetate in the synovial cavity. Tet F ” is tetrahgdro-hydro- 
cortisone; * *  Tet E ”  is tetrahydrocortisone; ‘ ( E ”  is cortisone; ‘ (Egc” is cortisone acetate. 

pound from the joint. This possibility was 
investigated in an experiment in which 50 mg 
of hydrocortisone acetate were injected into 
one knee (Subject G. R.). Six hours later in the synovial cavity. 
this knee was aspirated and fluid also removed 

The chromatograms of fluid from the contra- 

vealed well localized bands which were not 
seen in the control fluid from uninjected joints, 
indicating that metabolites were formed with- 

a t  the Same time from the contralateral joint. 1. Ziff, M.7 Scull, E.7 Ford, D-, McEwen, C-7 and  
Bunim, J. J., A .  M .  A .  Arch. Int. Med., 1952, v90, 
--, 

lateral joint gave no evidence of any steroid 
whatsoever, while the fluid from the injected 
knee showed three definite bands in addition 
to the unchanged hydrocortisone acetate. 

Further experiments now under way are 
directed toward more definite characterization 
and comparison of the intra-articular metabo- 
lites of hydrocortisone in both rheumatoid 
arthritis and other arthritides. 

Summary. Quantitative assays have been 
performed on extracts of synovial fluid aspi- 
rated from patients with rheumatoid arthritis, 
following intra-articular injection of cortisone, 
hydrocortisone, and their acetates. After one 
hour and 3 hours about 85% and 98% re- 
spectively had disappeared. There was no 
marked difference in rate of disappearance 
among the 4 compounds. Paper chromato- 
graphic analyses of post-injection extracts re- 
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ERRATUM 

Article 20202, Embryonic Development in Turkey Eggs. . . , by M. W. 
Olsen and S. J. Marsden, in the PROCEEDINGS, April, 1953, page 641, 2nd 
column, line 8 should read “. . . experiments are now being conducted at 
the U. S. Agricultural Research Center, Beltsville, Md.” 


