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Plasma prednisolone studies in rheumatic patients
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SUMMARY Prednisolone concentration in plasma after a daily maintenance steroid dose was
monitored in 83 patients with rheumatic diseases. Although no restrictions were imposed on the
intake of food or drink, plasma drug levels tended to peak at 1 h after the ingestion of the standard
tablets, whereas intestinal absorption of the enteric-coated preparation was found to be most
unpredictable. A profound individual variation was observed in plasma prednisolone concentra-
tions, and neither total nor unbound drug levels showed any consistent relationship with the size of
the prednisolone dose or the control of the disease activity. The basal cortisol production was
suppressed in one-third of the patients. There is no support from this study for the concept of an
'optimum therapeutic range' of plasma prednisolone for the treatment of rheumatic disease.

Prednisolone (laA-cortisol) has an important place
in the treatment of several rheumatic diseases. For
maintenance therapy 2-10 mg is commonly given
either as a single daily dose or in divided doses. The
knowledge of plasma drug levels may provide a basis
for adjusting the prednisolone dosage and assist in
the assessment of clinical response to therapy in the
individual patient. This can now be explored with the
sensitive methods available for the measurement of
prednisolone. 13
We monitored plasma prednisolone and cortisol

levels in 83 rheumatic patients on long-term cortico-
steroid therapy who were attending 2 rheumatology
outpatient clinics. Patients were studied after their
usual daily prednisolone dose and the findings are
reported here.

Patients and methods

The details of 83 patients admitted into the study are
given in Table 1. They were allowed their usual food
and drink and other medication, if any. Prednisolone
BP (Precortisyl) or enteric-coated prednisolone
(Deltacortril) was given orally as a single dose be-
tween 10 and 10.30 a.m. Blood samples were taken
immediately before and 1 h (in some instances also
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0 5 and 1-5 h) after the dose. Plasma was separated
and stored frozen until the analyses.

Steroid assay. Ethyl acetate extract (2 x 3 ml) of
plasma (1 ml) was evaporated to dryness under N2 at
40°C. The residue, redissolved in a small volume of
ethyl acetate, was then chromatographed in
dichloromethane/ethanoVwater (150/10/1, v/v) on
silica gel plates (Eastman-Chromatogram, no.
13181). The prednisolone band on the plate was cut
out and eluted with 5 ml ethanol. Prednisolone was
determined by a radioimmunoassay procedure4 using
an antiserum raised in the sheep against
prednisolone-2 1-hemisuccinate conjugated to

Table 1 Details ofpatients investigated

Diagnosis No. of Mean age in Mean body
patients years weight in kg

(range) (range)

Rheumatoid
arthritis (RA) 44 60-1 64-2

(33-80) (476-88)
Polymyalgia
rheumaticai(PMR) 31 68-4 61-6

(51-85) (375-91 6)
Others* 8 61-7 64 5

(34-78) (52-1-85-7)

*Temporal arteritis 2, systemic lupus erythematosus 2, frozen
shoulder 1, polyarteritis nodosa 1, osteoarthritis 1, psoriatic
arthropathy 1.
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Table 2 Plasma prednisolone levels in patients after standard or enteric-coated tablets given by mouth

Diagnosis Prednisolone dose Tablet Prednisolone kvel (nmolll) foUlowing oral dose
(mg)

Oh OSh I h lSh

Rheumatoid arthritis S Standard 0 77 158 153
Rheumatoid arthritis 5 Standard 27 130 129 118
Rheumatoid arthritis 5 Standard 15 154 185 165
Temporal arteritis S Standard 0 ND 119 99
Polymyalgia rheumatica 10 Standard 49 77 111 117
Polymyalgia rheumatica 10 Standard 0 100 191 177
Rheumatoid arthritis 5 Enteric-coated 0 0 0 0
Frozen shoulder 5 Enteric-coated 0 0 0 ND
Rheumatoid arthritis 6 Enteric-coated 31 52 75 ND
Rheumatoid arthritis 7 5 Enteric-coated 15 54 92 ND
Polymyalgia rheumatica 12-5 Enteric-coated 35 40 237 288
Polymyalgia rheumatica 13 Enteric-coated 0 0 0 0

ND = not determined.

bovine serum albumin. The recovery of prednisolone
from plasma was checked by adding 3H-prednisolone
(2 5 nCi) to the sample prior to the ethyl acetate
extraction step.

Cortisol was measured by a fluorimetric method5
and plasma protein binding of prednisolone analysed
by a technique based on equilibrium dialysis.6

Results

The prednisolone antiserum cross-reacted with pred-
nisone, 20-dihydroprednisolone and cortisol to the
extent of 1141, 20-6, and 3 9% respectively. How-
ever, when the plasma from a patient who had re-
ceived prednisolone was radioimmunoassayed
before and after double-dilution with
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dexamethasone-suppressed plasma, the plot of per-
centage binding against prednisolone concentration
was superimposable on the prednisolone standard
curve. At 27 7-554 nmolI concentrations the overall
recovery of prednisolone from plasma after due cor-
rections ranged between 98 and 100% and the coef-
ficient of variation 6 and 11 %.
Plasma prednisolone levels in 12 patients at 0, 0 5,

1, and 1-5 h after a 10 mg dose are given in Table 2.
After prednisolone standard tablets peak drug levels
in plasma were attained 1 h after the dose. In contrast
the plasma drug pattern varied widely after enteric-
coated preparations; in some instances prednisolone
was not measureable in the plasma until 1-5 h after
ingestion. The 1 h time point was therefore chosen
for all subsequent analyses ofplasma drug concentra-

Plasma Prednisolone
levels nmol/l
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Fig. 1 Plasma I h prednisolone
levels after oral dose.
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tions, and only those patients receiving the standard
tablets were included in the study.

Plasma prednisolone values at 1 h after drug
administration, in patients who benefited from
steroid therapy, were plotted against prednisolone
dose per kg body weight (Fig. 1). No significant corre-
lation was observed, and the same was true when
dose was expressed as total dose per patient. Table 3
shows the plasma drug concentrations after similar
doses in 7 patients who, unlike the previous group,
had a poor response to steroid therapy ('non-
responders'), as judged by elevated erythrocyte
sedimentation rate and clinical evidence of continu-
ing disease activity. One patient had a very low pred-
nisolone level, but the other 6 had levels of plasma
prednisolone, both total and free, that were indis-
tinguishable from the other group.
The protein binding of prednisolone, determined

in 60 patients, varied between 86 and 97%. The

Table 3 Plasma prednisolone levels in poor responders to
steroid therapy

Diagnosis Dose Plasma 1 h prednisolone
(mg)

Total Free (%)
(nmolll)

Polymyalgia rheumatica 7 105 4 5
Rheumatoid arthritis 7 t
Rheumatoid arthritis 7 5 405 3-2
Polymyalgia rheumatica 8 28 11-2
Rheumatoid arthritis 10 327 9 4
Polymyalgia rheumatica 10 97 10-1
Polymyalgia rheumatica 12 166 12-4

All patients except * received standard prednisolone tablets.
tPresent but not measurable.

amount of free prednisolone depended on the total
concentration, with a correlation coefficient of 0-88
(Fig. 2).
The plasma cortisol levels in the morning were

below the lower end of the reference range of
200-650 nmoUl in 20 of the 60 patients examined.
They were not related to the size of the prednisolone
maintenance dose. The magnitude of the suppression
of plasma cortisol 1 h after the administered pred-
nisolone (5-12 mg) was between 11 and 67% of the
basal values and was not dose-dependent.

Discussion

The present study was undertaken to examine the
practicability of single time-point drug analysis in
steroid therapy. As it was intended to monitor the
plasma drug levels achieved normally during pred-
nisolone therapy, the patients were given their nor-
mal daily dose of the steroid, and no restriction was
imposed on other medications, food, or drink.

In those patients who had serial plasma drug level
estimations after prednisolone standard tablets peak
values were reached at 1 h, indicating an intestinal
absorption rate similar to that found previously in
fasted healthy volunteers.46-8 However, the pred-
nisolone values were markedly smaller and more
widely variable than might have been expected from
those found in the normal volunteers. Long-term
steroid therapy and concomitant use of other drugs as
well as the difference in food intake might have con-
tributed to this.9 It was thus not surprising that
plasma drug concentrations were not closely related
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Fig. 2 Protein binding of
prednisolone in plasma at 1 h after
oral dose
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to the daily steroid dose."0 It remains to be estab-
lished whether these large differences in total and
free plasma prednisolone levels after the same dose
of the drug may influence the pharmacokinetics of
prednisolone in individual patients.9
The function of the hypothalamic-pituitary-

adrenal axis was suppressed in a large proportion of
the patients studied. The peak plasma prednisolone
levels, total and free, did not seem to have any bear-
ing on the observed clinical response of the patients
to steroid therapy. Thus, while in a majority of the
responder subjects the plasma drug levels were be-
tween 55 5 and 124-8 nmoVlI, in 6 of the 7 'non-
responders' the corresponding values were also
within or above this range. We conclude that in the
latter patients absorption, metabolism, and excretion
of prednisolone was normal. In only one of the 7
'nonresponders' was the peak plasma prednisolone
level below the normal range, suggesting poor
absorption.
The apparent lack of correlation between peak

plasma prednisolone levels and the control of disease
activity in our patients is in agreement with a previous
report." The concept of an optimum therapeutic
range of plasma prednisolone concentrations for the
treatment of rheumatic disease is not supported by
our study. Corticosteroids in most chronic inflam-
matory diseases should be used in the lowest dose
that produces symptomatic relief, and each indi-
vidual has to be treated according to his personal
needs.

We thank the Arthritis and Rheumatism Council for financial
support.
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