Disposition of Intra-articularly Injected Cortisone and
Hydrocortisone

By Ravpru E. PeTERSON, ROBERT L. BLACK AND JosePH ]. BuNniMm

Cortisone and hydrocortisone labeled
with C1* were found to disappear from
the synovial cavity rapidly and at the
same rate when injected intra-articular-
ly. Only a small portion of injected
steroid was metabolized locally. Trans-
formation of cortisone to hydrocortisone
by synovial tissue was not observed.

Esseva constatate que cortisona e hydro-
cortisona, marcate con C14, dispare
rapidemente ab le cavitate synovial. Illos
dispare con le mesme rapiditate como
post lor injection intra-articular. Sol-
mente un micre portion del injicite
steroides esseva metabolisate localmente.
Le transformation de cortisona in hydro-

cortisona per histos synovial non esseva
observate.

HE INTRA-ARTICULAR injection of hydrocortisone and hydrocorti-

sone acetate is followed by a decrease or disappearance of pain and
swelling of the affected joint and reduction in intra-articular temperature
in most patients with rheumatoid arthritis.!® Conversely, cortisone acetate
and cortisone administered intra-articularly are ineffective as local anti-
inflammatory agents. Differences in solubility probably do not account for
this disparity, since both the acetate derivatives of hydrocortisone and corti-
sone are less soluble in aqueous fluids than either of the parent steroids.t
Nor do differences in the rate of disappearance (diffusion) plus metabolism
of the two steroids from the synovial cavity explain the divergence in anti-
inflammatory activity, since studies have revealed no significant difference
in this parameter.?

Cortisone and its acetate, when administered systemically, are effective
anti-inflammatory agents, being approximately two-thirds as active as hydro-
cortisone on a weight basis.®” However, when so administered, cortisone and
its acetate are both very rapidly transformed to hydrocortisone, presumably in
the liver® The possibility exists that cortisone is biologically inactive until
transformed to hydrocortisone, and that the synovium is unable to effect
such a transformation. In an earlier study using chromatographic methods,
hydrocortisone was found in the synovial fluid of one of two patients follow-
ing the intra-articular injection of cortisone.®'® The present study was under-
taken to re-examine this question with the use of isotopic technics.

METHODS

Two patients with active rheumatoid arthritis and moderate effusions in the knees were
used for these studies. In one subject (G. M. I, fig. 1), 0.1 mg. cortisone-4-C1¢ (specifie
activity 2,800 counts per minute per pg.) dissolved in 5 ml. of 5 per cent ethanol in sterile
normal saline was injected into one knee, which was then flexed and massaged repeatedly
to effect mixing of the steroid with the synovial fluid. Samples of synovial fluid (1 to 3 -
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Fig. 1.—Flow sheet for cortisone and hydrocortisone assay in synovial cavity
in patient G. M. I.

ml.) were withdrawn at various time intervals up to 4 hours following injection, and
added to heparin. Twenty-five ug. hydrocortisone and 25 ug. cortisone were added to
each of the samples of fluid, which were then diluted to a volume of 5 ml. with water
and extracted with 25 ml. of dichloromethane. Five ml. aliquots of the solvent extracts
were evaporated to dryness and counted in the Tri-Carb liquid scintillation spectrometer.
The remaining solvent was evaporated to dryness and the dried extracts placed on paper
and chromatographed in a modified Bush-type!l solvent system (benzene 4: methanol 2:
water 1) for 16 hours at room temperature. In this system cortisone moves about 35 cm.
and hydrocortisone 20 cm. in 16 hours. The hydrocortisone was eluted ,and one aliquot
assayed for hydrocortisone by the fluorescence procedure,!? and another subjected to
assay for radioactivity. From the cortisone eluate, one aliquot was taken for phenylhydrazine
colorimetric assay!3 and amnother for assay of radioactivity. From the specific activities of
the cortisone, the concentration of cortisone-4-C14 in each sample was determined using
standard reverse isotope dilution calculations.

This same patient (G. M. II} and an additional patient (R. E.) were then studied in
the following manner (fig. 2). One hundredth mg. hydrocortisone-4-C1¢ (6,200 counts/
min./ug.) plus 1.0 mg. carrier hydrocortisone were mixed with 5.0 mg. cortisone in 5 per
cent ethanol in sterile normal saline in a volume of 10 ml. This was injected into the knee
joint space and, after mixing, samples of synovial fluid were withdrawn at various time
intervals up to 3 hours (G. M. II) and 4 hours (R. E.). The samples of fluid (1 to 3 ml.)
were diluted to 5 ml. with water, and cortisone-4-C1* (0.4 ug.) added to each sample.
The samples were extracted with 25 ml. dichloromethane and divided into two portions.
To a 5 ml. aliquot of this extract, 25 pug. hydrocortisone were added and the sample
evaporated to dryness. After paper chromatographic purification, the hydrocortisone was
eluted from the paper. One fraction of the eluates of each sample was assayed for hydro-
cortisone by the fluorescence procedure, and another for radioactivity. From the specific
activities of the hydrocortisone, the concentration of hydrocortisone-4-Cl4 in each sample
was determined using standard reverse isotope dilution calculations.
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Fig. 2.—Flow sheet for cortisone and hydrocortisone assay in synovial cavity in
patients G. M. I and R. E.

The remaining portion of the dichloromethane extract was evaporated to dryness and
chromatographed on paper. After chromatographic purification, the hydrocortisone and
cortisone fractions were eluted from the paper. Aliquots of these eluates were taken for
radioactive assay. From the cortisone eluate, an aliquot was also taken for phenylhydrazine
colorimetric assay, and from the hydrocortisone eluates, an aliquot was taken for fluoro-
metric assay. From the specific activities of cortisone in the eluates, the concentration of
cortisone in each sample was determined using stundard isotope dilution calculations.

ResuLts

Table 1 shows the disappearance of cortisone from the joint cavity in
patient G. M. I, given cortisone-4-C!4. After adding carrier hydrocortisone to
these samples of synovial fluid and subjecting them to paper chromatographic
purification, it was not possible to detect any C'* in the hydrocortisone
fraction. The injected cortisone-4-C'* in this subject disappeared from the
knee joint at such a rate that one-half had diffused out in 60 minutes. Of
the radioactivity present in the knee joint space at 4 hours, 87 per cent
remained as cortisone. This indicated that the decline in concentration of
steroid in the joint cavity was primarily the result of a diffusion of the corti-
sone into the tissues, that only a small fraction was metabolized by the
synovium, and that no detectable quantity of hydrocortisone appeared in
the synovial fluid.

Figure 3 shows the results of the studies on patients G. M. II, and R. E,,
given hydrocortisone-4-C'* plus carrier hydrocortisone and cortisone. The
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Table 1.—Disappearance of Cortisone-4-C' from Synovial Cavity in Patient G. M. 11

% total eounts as:

Collection

Time CPM/ml.* Cortisone Hydrocortisone
(hr.) Synovial Fluid (%) (%)

0.5 1400 95 0

1.0 1000 94 0

2.0 500 90 0

3.0 255 91 0

4.0 140 87 0

#*Counts per minute per milliliter.
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Fig. 3.—Disappearance of cortisone and hydrocortisone from knee joint cavity.

hydrocortisone-4-C!* as determined by reverse isotope dilution, disappeared
exponentially with half-times of 107 minutes (R. E.) and 82 minutes (G. M.).
Cortisone, as determined by isotope dilution, also disappeared exponentially
with half-times of 107 minutes (R. E.) and 75 minutes (G. M.).

The results in both patients (G. M. II, R. E.) given intra-articular hydro-
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Table 2.—Specific Activity of Hydrocortisone after Injection of Hydrocortisone-4-C14
and Cortisone into Synovial Cavity

Collection

Time Specific Activity (CPM/ug.) * of Hydrocortisone
(hr.) G. M., 1I R. E.

ot 62 62

0.25 65 66

0.5 64 61

1.0 63 65

2.0 61 60

3.0 62 61

4.0 —_ 60

*Counts per minute per microgram.
{Specific activity at zero time determined on the mixture of hydrocortisone-4-C1¢ and
cortisone before injection, and after isolation of the hydrocortisone by paper chromatography.

cortisone-4-C'* plus carrier cortisone failed to demonstrate the conversion to
hydrocortisone (table 2). The specific activity of the injected hydrocortisone
was 62 counts per minute per microgram, and up to 4 hours after injection,
the specific activity of the hydrocortisone showed no significant change.

DiscussioNn

The results of this study demonstrated that cortisone and hydrocortisone
disappeared from the synovial cavity at approximately the same rate. This
observation had previously been made by other investigators.®® Qur data in
one patient indicated that only a small fraction of the injected cortisone was
metabolized by the synovium, and most of the steroid disappeared unchanged
from the joint space, probably by a simple process of diffusion. Thus, the dif-
ferences in the therapeutic effectiveness cannot be ascribed to a difference
in their rates of absorption or diffusion from the synovial cavity.

Previous investigators'® -have reported that cortisone was converted to
hydrocortisone by the synovium in one of two patients but not in the other.
Under the conditions of our experiments we were not able to demonstrate
this. These differences in results may represent individual variations, or
perhaps a difference in the degree of inflammation. It must also be emphasized
that the experimental design was different. In the present study 0.1 to 5 mg.
of steroid were injected and aliquots of the fluid removed for analysis. In
the previous work!® 100 mg. of steroid in suspension was injected, the entire
fluid removed, and the knee cavity twice “washed” out. Also, in the present
study quantitative isotope technics were used to study the metabolism of the
steroids, whereas chemical isolation and identification was the method used
in the previous investigation.

It is well established that, when administered parenterally or orally,
cortisone is rapidly converted to hydrocortisone, presumably via the liver.314
Following oral or parenteral administration of cortisone or cortisone acetate,
the plasma levels of hydrocortisone are about two-thirds those obtained fol-
lowing the oral administration of a similar quantity of hydrocortisone. By
several criteria, it has been demonstrated that cortisone is about two-thirds as
active as hydrocortisone when both are administered orally, Thus, most of
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the physiologic activity of the administered cortisone may reside in that
fraction that is converted to hydrocortisone.

Our studies show that, in contrast to the liver, the synovium may often
be unable to transform cortisone to hydrocortisone, and thus this may explain
the lack of biologic effectiveness (anti-inflammatory) of cortisone in the
synovium. This may also be the explanation for the ineffectiveness of locally
applied cortisone in inflammatory conditions of the skin.}® Cortisone, when
applied locally to the eye, has been reported to be nearly as effective as
hydrocortisone;*¢ however, the ocular structures are apparently able to
transform cortisone to hydrocortisone.'?-'® Therefore, the steroid glucocorticoid
properties (anti-inflammatory activity, pituitary-adrenal suppression, glycogen
deposition) may require the presence of the 118-hydroxy function (as in
hydrocortisone ), and the glucocorticoid properties of the in vivo-administered
11-dehydro steroids (such as cortisone) may depend on the presence of 115-
hydroxy dehydrogenase enzymes such as those present in the microsomal
fraction in the liver.19:20

SuMMARY

Intra-articularly injected cortisone and hydrocortisone were found to
disappear rapidly from the knee joint cavity——t% = 60 to 107 min. It was not

possible to demonstrate a conversion of the injected cortisone to hydrocorti-
sone in two patients. It has been suggested that the ineffectiveness of cortisone
locally in the joint cavity may result from the failure of the synovium to con-
vert cortisone to hydrocortisone.
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