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Abstract
Objectives—A generalised transient im-
provement may follow intra-articular ad-
ministration of glucocorticoids to patients
with inflammatory arthropathy. This may
represent a systemic anti-inflammatory
eVect of glucocorticoid released from the
joint, mediated through processes such as
altered leucocyte traYcking or sup-
pressed release of pro-inflammatory cy-
tokines. Patients, who had received intra-
articular injections of glucocorticoids
were therefore studied for evidence of
these two systemic eVects.
Methods—Patients with rheumatoid ar-
thritis were studied. Peripheral blood leu-
cocyte counts, tumour necrosis factor á
(TNFá) release by peripheral blood mono-
cytes, blood cortisol concentrations, and
blood methylprednisolone concentration
were measured for 96 hours after intra-
articular injection of methylprednisolone
acetate.
Results—Measurable concentrations of
methylprednisolone were present in
blood for up to 96 hours after injection.
Significant suppression of the hypotha-
lamic-pituitary-adrenal axis persisted
throughout this time. Altered monocyte
and lymphocyte traYcking, as evidenced
by peripheral blood monocytopenia and
lymphopenia, was apparent by four hours
after injection and resolved in concordance
with the elimination of methylpred-
nisolone. Granulocytosis was observed at
24 and 48 hours. Release of TNFá by endo-
toxin stimulated peripheral blood mono-
cytes was suppressed at four hours and
thereafter. Suppression was maximal at
eight hours and was largely reversed by the
glucocorticoid antagonist, mifepristone.
Conclusions—After intra-articular injec-
tion of methylprednisolone, blood concen-
trations of glucocorticoid are suYcient to
suppress monocyte TNFá release for at
least four days and to transiently alter leu-
cocyte traYcking. These eVects help to
explain the transient systemic response to
intra-articular glucocorticoids. Suppres-
sion of TNFá is principally a direct
glucocorticoid eVect, rather than a conse-
quence of other methylprednisolone in-
duced changes to blood composition.
(Ann Rheum Dis 1998;57:732–737)

Patients with inflammatory arthropathies com-
monly report transient subjective improvement
in polyarticular pain after an intra-articular
injection of a depot glucocorticoid.1 This
occurs as the glucocorticoid is cleared from the
joint and circulates in measurable
concentrations.2

After intra-articular administration of meth-
ylprednisolone, the drug concentration and
free fraction are suYcient to suppress the
hypothalamus-pituitary-adrenal (HPA) axis for
several days.2 This may be enough for a direct
anti-inflammatory action, comparable to the
suppression of activity of rheumatoid arthritis
by systemic glucocorticoids. Alternatively, the
transient systemic response may be consequent
on indirect glucocorticoid eVects, a placebo
eVect, an eVect of the glucocorticoid on mood3

or simply a result of the period of rest that
commonly follows injection of a lower limb
joint. Indirect glucocorticoid eVects, which are
potentially relevant to an indirect anti-
inflammatory action, include suppression of
pro-opiomelanocortin (POMC) gene expres-
sion and secretion of corticotrophin releasing
hormone (CRH) and somatostatin. These are
principally products of neuroendocrine tissue,
but inflammatory cells have also been shown to
release CRH and somatostatin and to express
the POMC gene, at least in rodents.4–6 CRH
secretion and POMC gene expression are glu-
cocorticoid sensitive in neuroendocrine tissue,
at least,7 while somatostatin release from
inflammatory tissue may also be glucocorticoid
sensitive.4 The POMC gene products ACTH,8

â endorphin,9 and á melanocyte stimulating
hormone5 all modulate aspects of mononuclear
leucocyte activity experimentally, as do CRH
and somatostatin.4 10

Glucocorticoids act directly on most cells
involved in inflammatory or immune
responses.11 In vivo, lymphopenia and monocy-
topenia occur during conventional systemic
glucocorticoid treatment, varying over a dosage
interval according to the glucocorticoid
concentration.12 In vitro, glucocorticoids sup-
press release of tumour necrosis factor á
(TNFá) and a wide range of other monocyte/
macrophage and lymphocyte activities.11 13–16

Concentrations achieved in vivo after conven-
tional oral dose are also suYcient to suppress
endotoxin stimulated TNFá release by
macrophages.12 Glucocorticoids aVect cellular
adhesion molecule expression on monocytes,
lymphocytes, and granulocytes,17–19 and modify
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traYcking in normal20 and inflamed21 tissue. A
biphasic change in circulating monocyte num-
bers, transient lymphopenia, and transient
granulocytosis also follow single systemic doses
of glucocorticoids.12 22

In the case of RA, eVects of glucocorticoids
on leucocyte traYcking and on TNFá release
may be particularly relevant to therapeutic
response. Leucocyte recruitment and TNFá
release by cells of the monocyte/macrophage
lineage contribute to the pathogenesis of joint
inflammation in rheumatoid arthritis.23–25

We therefore evaluated peripheral blood leu-
cocyte traYcking and release of TNFá by
peripheral blood monocytes after intra-
articular injection of glucocorticoid, seeking
evidence for a true anti-inflammatory action
outside the injected joint itself.

Methods
TREATMENT AND SAMPLING PROCEDURE

Six women with rheumatoid arthritis,26 aged 42
to 80 years who required intra-articular gluco-
corticoid treatment to one or more large joints
were studied. None had received any systemic
or intra-articular glucocorticoid treatment
within the six months preceding study. Four
patients were taking disease modifying agents
and two took non-steroidal anti-inflammatory
agents. Between one and five joints were
treated simultaneously, between 8 am and 9
am, with depot methylprednisolone acetate
injection (Depo-Medrol). Total doses ranged
from 40 mg to 240 mg methylprednisolone.
Recent studies have reported relatively high
incidences of extra-articular placement of cor-
ticosteroid during joint injection.27 To mini-
mise the incidence of misplaced injections in
the study group, recruitment was limited to
patients requiring injections of large accessible
joints (knee, elbow, and glenohumeral joints).
The patients continued in the study if clinical
criteria were consistent with correct placement
of injections in the target joints. These criteria

included the relation of the needle to bony land-
marks, the depth and direction of the needle,
facility of access to the target, absence of resist-
ance to flow of injectate and aspiration of fluid
(if present). Needle placements were not
confirmed by arthrogram because of the
possibility that a coadministered contrast
agent would modify the pharmacokinetics or
pharmacodynamics of the corticosteroid.

Blood samples were collected before dosing
and at 4, 8, 12, 24, 48 and 96 hours after com-
pletion of injections into EDTA and heparin
treated evacuated tubes (Venoject). EDTA
anticoagulated blood was used for automated
diVerential white cell counts by a Coulter
STKS Analyser28 and heparinised blood was
used for measurement of plasma cortisol and
methylprednisolone by HPLC (see below).
Separated heparinised plasma was also tested
for capacity to suppress monocyte TNFá pro-
duction (see below).

Therapeutic concentrations of glucocorti-
coids transiently reduce the number of mono-
cytes in peripheral blood.12 29 This interfered
with the interpretation of suppressed TNFá
release from whole blood samples collected
after joint injection. To standardise the number
of monocytes in each blood sample, a further
35 ml blood sample was collected from each
patient two weeks after joint injection. The
sample was placed into heparinised tubes,
pooled, and then divided into aliquots of 3.5
ml. Each aliquot was centrifuged and 1.3 ml of
plasma was removed and replaced with the
same volume of plasma from one of the
samples collected in the first 48 hours. Each
3.5 ml sample then yielded triplicate samples of
1 ml each in 24 well cell culture plates
(Costar). This procedure ensured that equal
numbers of autologous monocytes were
present with each of the original plasma
samples.

Whole blood samples were stimulated with
0.1 µg/ml lipopolysaccharide (LPS) (E coli,
serotype 026-B6; Sigma), added 30 minutes
after reconstitution. Additional triplicates were
prepared using plasma from the final sample
(day 14) and were not stimulated with LPS, to
indicate baseline, unstimulated TNFá produc-
tion. Similar triplicates were prepared and
exposed to LPS, with or without 1 µM dexam-
ethasone (Sigma). Dexamethasone was added
30 minutes before LPS. These served to
indicate the extent of TNFá suppression that
could be achieved in the individual patient
samples with high concentration glucocorti-
coid exposure. Additional incubates were
prepared from the eight hour specimens from
each patient and were treated with the
glucocorticoid receptor antagonist, mifepris-
tone (RU 486: Roussel-Uclaf) at 50 µM, to
confirm that suppression of TNFá production
was because of glucocorticoid present in the
sample. Mifepristone was added 30 minutes
before LPS. All samples were incubated for
four hours at 37°C and 5% carbon dioxide, as
previously described.30 Plasma was re-
separated by centrifugation and TNFá was
measured by sandwich enzyme linked immu-
nosorbent assay, as previously described.31 32

Figure 1 Methylprednisolone and cortisol concentrations in peripheral blood over 96 hours
after intra-articular administration of methylprednisolone. At each time point from four
hours to 96 hours, the plasma cortisol concentration was significantly lower than the
pre-dose value (p < 0.05 in each case).
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All additives used in the procedure were
checked for endotoxin contamination using the
Limulus amebocyte lysate test (BioWhittaker
Inc, Walkersville, MD) and rejected if endo-
toxin concentration exceeded 0.1 U/ml. All
glassware was baked before use and all
plasticware was new.

The studies were approved by the Human
Rights Committee of the University of Western
Australia and each participant provided written
consent.

GLUCOCORTICOID ASSAYS

Methylprednisolone and cortisol were meas-
ured in plasma by high performance liquid
chromatography (HPLC), using the same
extraction procedures, instrumentation, and
conditions as described previously for the assay
of prednisolone.12 Methylprednisolone (Up-
john) served as standard and dexamethasone

(David Bull Laboratories, Melbourne, Aus-
tralia) was used as an internal standard. Assay
sensitivities were 10 ng/ml for cortisol and
methylprednisolone.

DATA ANALYSIS

Statistical analysis was by one way repeated
measures ANOVA (SigmaStat, Jandel Scien-
tific). Multiple comparisons against the pre-
dose sample (control) for plasma cortisol,
plasma methylprednisolone, leucocyte counts,
and LPS stimulated TNFá release were made
using the Student-Newman-Keuls test. Data
are expressed as mean (SEM). Methylpred-
nisolone concentrations are expressed as ng/
ml/(mg of dose), because absolute doses varied
according to patient needs.

Results
METHYLPREDNISOLONE, CORTISOL, AND

LEUCOCYTE KINETICS

Methylprednisolone was detectable in the
blood of all patients at four hours after
injection. Peak concentrations were measured
at eight hours in four patients and 12 hours in
two. The patient who received the smallest
total dose of methylprednisolone (40 mg) had
the lowest peak concentration of 100 ng/ml.
The highest peak of 386 ng/ml occurred in a
patient who had received a total of 160 mg of
methylprednisolone. The area under the con-
centration time curve for methylprednisolone,
calculated by the trapezoidal rule, increased in
relation to the total administered dose (r =
0.80).

Measurable concentrations of methylpred-
nisolone were present to 48 hours and one
patient still had methylprednisolone detected
at 96 hours. The mean cortisol concentration
before dosing was 173 (21) ng/ml. It had fallen
by four hours in all patients. By 24 hours, cor-
tisol was unmeasurable in plasma in four
patients (limit of detection: 10 ng/ml) and
remained unmeasurable to 96 hours in two.
Methylprednisolone was still detectable in
blood from one of these. She had received 160
mg of methylprednisolone in total (fig 1).

Mononuclear leucocyte counts and granulo-
cyte counts both responded to intra-articular
methylprednisolone, though diVerently. Sig-
nificant falls in circulating lymphocyte and
monocyte numbers were apparent from the
time of the first sample (four hours). Lym-
phocyte numbers fell to a mean of 42% of pre-
dose concentrations at eight hours, while
monocyte numbers fell to a mean of 16% of
pre-dose concentrations at 12 hours (fig 2).
Numbers remained significantly suppressed to
24 hours, but had recovered by 48 hours, in
each case. This contrasted with persisting sup-
pression of the HPA axis (as evidenced by
unmeasurable plasma cortisol concentrations)
in four patients at this time. A significant lym-
phocytosis had developed by 96 hours. Granu-
locyte leucocyte counts, on the other hand, did
not change significantly during the first 12
hours, but increased by 2.1-fold (p<0.05) and
1.9-fold (p<0.05) at 24 and 48 hours, respec-
tively. By 96 hours, granulocyte counts were
not significantly above baseline.

Figure 2 Lymphocyte, monocyte, and granulocyte numbers in peripheral blood over 96
hours after intra-articular administration of methylprednisolone. Significant changes in cell
numbers from pre-dose values (p < 0.05) are designated by asterisks. The lymphocyte count
at 96 hours is significantly higher than the pre-dose value.
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EX VIVO RELEASE OF TNFá by whole blood
Whole blood samples reconstituted with pre-
dose plasma released 6.5 (1.6) ng/ml of TNFá
in response to stimulation with LPS for four
hours, while unstimulated samples released 0.4
(0.2) ng/ml. Whole blood samples reconsti-
tuted with plasma from subsequent time
points, to 96 hours, exhibited lower release of
TNFá after LPS stimulation, even though
methylprednisolone was detected in only one
patient at 96 hours (fig 3).

Maximum suppression of TNFá release
occurred between 4 and 12 hours after
injection. LPS stimulated incubates of eight
hour samples released 2.8 (0.9) ng/ml, which
was a mean of 43% of release from the pre-dose
samples. For comparison, the addition of 1 µM
dexamethasone to the day 14 sample sup-
pressed LPS stimulated TNFá release to 1.1
(0.3) ng/ml. This was 18% of the amount
released by the same sample without dexam-
ethasone (5.6 (0.3) ng/ml).

LPS stimulated eight hour samples were
treated with 50 µM of the glucocorticoid
antagonist mifepristone, to confirm that the
observed suppression of TNFá release was a
direct consequence of the glucocorticoid
present in the sample, rather than a conse-
quence of some other glucocorticoid induced
change to plasma composition. Mifepristone
restored LPS stimulated release to 5.2 (1.2)
ng/ml (p = 0.004, compared with eight hour
sample: Student’s t test), which was a mean of
81% of release from the pre-dose sample (p =

NS). Mifepristone (50 µM) alone did not lead
to release of TNFá from unstimulated blood
samples and nor did it change the LPS stimu-
lated release of TNFá from the pre-dose sam-
ple that contained only endogenous glucocorti-
coids (fig 4 and results not shown).

Discussion
Peripheral blood monocytes have impaired
ability to release TNFá for at least four days
after the intra-articular injection of 40 to 240
mg of methylprednisolone acetate. The dura-
tion of eVect exceeds the time that methylpred-
nisolone can be detected in blood, in most
patients, but corresponds with continuing sup-
pression of the HPA axis, as evidenced by low
plasma cortisol concentrations. In vitro, con-
centrations of glucocorticoids suYcient to sup-
press TNFá release also suppress release of
IL1â, IL6, IL8, and a range of other monocyte
functions.14 15

The partial reversal by mifepristone of
TNFá suppression in eight hour specimens
confirms that the action of methylprednisolone
is mostly direct and not through some
glucocorticoid induced modification of other
circulating plasma components such as
ACTH,8 â endorphin,9 áMSH,5 CRH or
somatostatin.4 10 The maximal extent of sup-
pression falls short of that achievable by high
concentrations of dexamethasone. The reason
for continuing suppression to four days is not

Figure 3 TNFá concentrations (mean (SEM)) in LPS stimulated peripheral blood
samples reconstituted with plasma, which was collected before intra-articular injection with
methylprednisolone and for 96 hours thereafter. Concentrations of TNFá were significantly
lower in all post-dose samples than in the pre-dose samples (* p < 0.05).
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revealed by these experiments. It may be a
continuing direct glucocorticoid eVect, be-
cause of methylprednisolone present in plasma
at concentrations below the sensitivity of the
HPLC glucocorticoid assay. This would also
explain persistent suppression of the HPA axis.
However, non-recovery of the HPA axis at four
days does not necessarily mean that plasma
methylprednisolone concentrations are still
suYcient to suppress monocyte TNFá release.
These data therefore do not exclude an
additional indirect action of the glucocorticoid
on TNFá release at later time points.

Systemic doses of glucocorticoids typically
cause early, sharp falls in peripheral blood lym-
phocyte and monocyte numbers, followed by
recovery as the glucocorticoid is cleared. Lym-
phopenia and monocytopenia are relatively
brief, compared with suppression of TNFá
release and HPA axis function.12 The mecha-
nism of disappearance is not fully explained.
The findings of this and previous studies33

imply that lymphocytes and monocytes leave
circulating blood at an accelerated rate. Lym-
phopenia and recovery are understood to result
from redistribution of lymphocytes between
blood and other body compartments, particu-
larly the bone marrow.34 35 The mean transit
time of monocytes in the circulation of healthy
humans has been estimated as 36 to 104
hours,36 so monocytopenia also develops more
rapidly than can be explained by cessation of
monocyte release from bone marrow alone.
The site of redistribution of monocytes has not
been defined. The monocytes may not, in fact,
leave the blood. It has been estimated that
approximately 75% of monocytes in human
blood are marginated and not circulating,37 so
glucocorticoids may act to change the balance
between the circulating and marginated pools
in blood. A significant lymphocytosis and a
non-significant increase in monocyte numbers
occurred at 96 hours, compared with pre-dose
values. At this time, most methylprednisolone
had been eliminated and endogenous cortisol
secretion had yet to re-establish. Similar
phenomena occur after an oral glucocorticoid
dose12 and may be explained either by relative
glucocorticoid deficiency at the time, or as a
late consequence of the disruption to normal
traYcking.

Neutrophilic granulocytosis is also a well
recognised eVect of glucocorticoid, resulting
from increased production in bone marrow and
impaired margination. Granulocytosis was
delayed, relative to the changes in lymphocyte
and monocyte numbers, consistent with in-
creased production. It resolved with elimina-
tion of the glucocorticoid.

Glucocorticoids also diminish traYcking of
leucocytes to inflamed tissue, contributing to
the anti-inflammatory eVect. Our experiments
did not examine the relation between the anti-
inflammatory eVect and the mechanisms of
monocytopenia, lymphopenia or granulocyto-
sis. Recruitment of leucocytes to inflamed
tissue involves leucocyte-endothelial cell inter-
actions through surface adhesion molecules. In
vivo, glucocorticoids diminish the numbers of
leucocyte rolling and adhering to endothelial

cells, consistent with reduced granulocyte
margination, but neither monocytes nor lym-
phocytes have been individually examined.38

Cell surface adhesion molecules that are
directly involved in leucocyte-endothelial cell
interaction include ICAM-1, ELAM-1,39

E-selectin,40 and L-selectin,20 which are down-
regulated by glucocorticoids. These phenom-
ena contribute to the diminished margination
of granulocytes, but do not oVer a ready expla-
nation for the disappearance of monocytes and
lymphocytes from peripheral blood. In the case
of monocytes, though, glucocorticoids increase
expression of RM3/1, a surface molecule that
can contribute to endothelial adhesion.17 This
may be relevant to glucocorticoid induced
monocytopenia.

These experiments show that the low
concentrations of glucocorticoid that enter the
circulation after intra-articular injection of
methyprednisolone acetate are suYcient to
temporarily modify leucocyte traYcking and to
suppress the release of TNFá from peripheral
blood monocytes for at least four days. These
findings support the hypothesis that a direct
anti-inflammatory eVect of the glucocorticoid,
at least, underlies the systemic response that
commonly accompanies intra-articular injec-
tion.

This work was supported by grants from the National Health
and Medical Research Council of Australia and the Arthritis
Foundation of Australia. We are grateful to the Department of
Haematology, Western Australian Centre for Pathology and
Medical Research, for assistance with cell counting.
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