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The effects of acute and chronic stages of carrageenan-induced air-
pouch inflammation on the pharmacokinetics of prednisolone were
studied in male Wistar rats. Chronic inflammation produced a sig-
nificant increase in the area under the curve (AUC) of prednisolone
compared to control animals (6594 + 2144 vs 3530 *+ 2164 pg - hr/
L). The effect of acute inflammation was not significant (AUC =
4996 + 3813). Both acute and chronic inflammation also reduced the
in vitro plasma protein binding of prednisolone, the reduction being
much greater after chronic inflammation. The AUC of free prednis-
olone after chronic inflammation was 3141 pg - hr/L, compared to
1121 pg - hr/L in the control group and 1823 wg - hr/L after acute
inflammation. The mean values of half-life and apparent volume of
distribution at steady-state in each group were similar. These results
indicate that prednisolone must be used with caution in the treat-
ment of inflammatory diseases because of higher free concentrations
of the steroid.
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INTRODUCTION

Prednisolone is one of the most commonly used corti-
costeroids in the treatment of inflammatory disorders such
as rheumatoid arthritis. However, the effect of inflammatory
diseases on the disposition of prednisolone or other cortico-
steroids has not been established. Studies in animal models
of adjuvant arthritis indicate that several drug metabolizing
enzymes are inhibited (1-7). Following induction of adju-
vant arthritis in rats, the liver microsomal N-demethylase
and NADPH,-oxidase enzyme activity and levels of cy-
tochrome P-450 were greatly reduced (1,2). Adjuvant arthri-
tis also reduced the amounts of conjugated metabolites of
acetaminophen recovered in the urine and decreased the
maximum tolerated oral dose of phenobarbitone (1). Hexo-
barbital (3) or phenobarbital (4) sleeping times were also
increased in such rats. These changes have been attributed
to altered liver function as a result of the severe inflamma-
tory response. However, the effect of acute inflammation on
drug metabolism is less clear. Sofia (6) found that carra-
geenan edema, a model of acute inflammation, did not affect
the hexobarbital sleeping time and zoxazolamine-induced
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paralysis seen with adjuvant-induced polyarthritis, a model
of chronic inflammation. Other authors (8,9), however, have
reported that carrageenan-induced inflammation inhibits he-
patic drug metabolizing activity and decreases the cy-
tochrome P-450 content in the male rat liver.

Besides affecting metabolism, inflammation may also
affect the disposition of prednisolone by changing its plasma
protein binding. Inflammation is known to cause increased
plasma levels of «,-acid glycoprotein and a number of other
acute-phase proteins (10). More importantly for corticoste-
roids, the plasma levels of transcortin (also known as corti-
costeroid binding globulin; CBG) (11,12) and albumin (13)
may be decreased during inflammation. There is also evi-
dence that the inflammation causes a reduction in the affinity
of CBG for corticosteroids (14). Since CBG has a high affin-
ity and low capacity for binding prednisolone, such changes
in the plasma levels and binding properties of CBG can in-
fluence the pharmacokinetics and pharmacodynamics of
prednisolone.

The present study was conducted to evaluate the effects
of the acute and chronic stages of inflammation on the phar-
macokinetics of prednisolone. The air-pouch model of in-
flammation induced by carrageenan was used in this study
since it simulates the inflammation occurring in synovial lin-
ing tissue and joint cavities (15). In addition, this model al-
lows investigations in the acute exudative stage as well as the
chronic proliferative stage of inflammation (16).

METHODS

Animal Experiments

Male Wistar rats weighing 300—-450 g were used in this
study. The rats were randomly divided into three groups of
six animals each. Air-pouch inflammation was induced in
rats in two of the groups by injecting 20 mL of sterile air
subcutaneously in the back of the animal, followed by an-
other 10 mL of air on the fourth day. On the seventh day, 4
mL of a 2% solution of carrageenan, warmed to 37°C, was
injected into the air pouch. The third group (control) of rats
was not treated with air or carrageenan. Twenty-four hours
prior to administration of prednisolone, the rats in each
group were anesthetized with a mixture of ketamine and
xXylazine administered intramuscularly and the jugular vein
was cannulated. To study the effect of the acute exudative
phase of inflammation, prednisolone (10 mg/kg, i.v., given as
sodium succinate salt in sterile saline) was injected 6 hr after
carrageenan administration. For the effect of chronic prolif-
erative stage of inflammation, prednisolone was adminis-
tered to the rats after 7 days of carrageenan administration.
In all three groups, the prednisolone dose was given at the
same time of day (2 p.M.). Following i.v. drug administra-
tion, the cannula was flushed with heparinized saline (20
U/mL) and blood samples were taken at preselected time
points. An equal volume of blood was obtained from a donor
rat and replaced. Samples were immediately centrifuged to
obtain the plasma, which was stored at —20°C until analysis.

Analytical Methods

Plasma was analyzed for prednisolone, prednisone (a
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reversible metabolite of prednisolone), and corticosterone
(an endogenous corticosteroid) simultaneously by high-
performance liquid chromatography (17).

The in vitro protein binding of prednisolone was exam-
ined in the three groups by pooling the plasma from several
animals in each group. For this purpose, inflammation was
produced as before but no prednisolone was administered.
The plasma was then spiked with prednisolone to yield con-
centrations in the range of 5-2000 ng/mL. Protein binding
was determined in duplicate by ultrafiltration (Centrifree;
Amicon, Danvers, MA) after adding trace amounts of puri-
fied (HPLC) *H-labeled prednisolone (Amersham, Arlington
Heights, IL) and using a liquid scintillation counter (Pack-
ard, Downers Grove, IL) to obtain the free fraction of pred-
nisolone.

Data Analysis

Prednisolone data were analyzed by both compartmen-
tal and noncompartmental methods to obtain the area under
the plasma concentration time curve (AUC), total clearance
(CL), volume of distribution at steady state (V), and elim-
ination half-life (7). Nonlinear curve fitting was performed
using PCNONLIN (Version 4.0, Statistical Consultants Inc.,
Lexington, KY). Akaike’s information criterion (18) was
used to choose between bi- and triexponential fittings.

Prednisone AUC was calculated by the linear trapezoi-
dal method and the ratio of prednisolone-to-prednisone AUC
was calculated. Prednisolone plasma protein binding was de-
scribed by the following equation (19):

_ NtKrPrDr

= +
B= 11 KeDp NAKAPADg

where Dy and Dg. are the molar concentrations of bound and
free drug, N and N, are the number of binding sites on the
transcortin (T) and albumin (A) molecules, and K and K,
are the affinity constants. Py and P, are the molar concen-
trations of proteins in the plasma. Three protein-binding pa-
rameters (K, NyK Py, and N, K ,P,) were fitted by non-
linear regression using PCNONLIN.

The mean initial corticosterone concentrations (before
prednisolone dosing) were obtained for each group. Also,
the AUC of corticosterone from 0 to 45 min was evaluated in
each group as a measure of suppression of corticosterone by
prednisolone.

The pharmacokinetic parameters of prednisolone in rats
with acute or chronic inflammation were compared with
those obtained from rats in the control group using an un-
paired ¢ test. Significance was assessed at an alpha level of
0.05.

RESULTS AND DISCUSSION

The production of acute or chronic inflammation was
confirmed in each animal by examining the air pouch for
exudate production. Acute inflammation produced about
3-5 mL of exudate, while chronic inflammation produced
about 5-10 mL of foul-smelling exudate. Other than the
swelling at the site of inflammation, the animals appeared
healthy, although the rats with chronic inflammation lost
some weight (about 10-20 g per 300- to 450-g animal).
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Fig. 1. Plasma concentration—time profile of prednisolone (@),
prednisone (O), and corticosterone (A) in a representative animal

with acute inflammation after administration of 10 mg/kg intrave-
nous prednisolone.

The concentration—time profile of prednisolone, pred-
nisone, and corticosterone in a representative animal with
acute inflammation is shown in Fig. 1. Prednisone and cor-
ticosterone plasma levels declined in parallel to prednisolone
levels, although their concentrations were severalfold lower
than the prednisolone concentrations. For many animals,
corticosterone levels could be obtained at the early time
points only. Therefore, only the partial AUC (0—45 min) of
corticosterone was calculated. The mean prednisolone con-
centration—time profiles for the three groups are shown in
Fig. 2. For most of the animals, a triexponential fitting was
found to be optimal. However, for some animals, a biexpo-
nential equation was found to be more suitable. The mean
pharmacokinetic parameters of prednisolone in the three
treatment groups are summarized in Table 1. The systemic
clearance of prednisolone was reduced significantly in the
rats in the chronic stage of inflammation, resulting in a
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Fig. 2. Mean (+SD) plasma concentration—time profile of total
prednisolone in control rats (@), rats with acute inflammation (O),
and rats with chronic inflammation (A).
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Table I. Pharmacokinetic Parameters of Prednisolone in Rats Without (Control) or with
Acute or Chronic Inflammation (Mean + SD; n = 6 per group)

Parameter Control Acute Chronic
AUC (pg - hr/L) 3530 = 2164 4996 =+ 3813 6594 =+ 2144*
CL (L/hr/kg) 3.96 2.6 342 = 2.5 1.67 0.59*
V. (L/kg) 1.00 = 0.68 0.70 = 0.61 0.51 = 0.22
Ty, (hr) 0.84 = 0.66 0.68 + 0.39 0.51 = 0.09
AUC PSLN/AUC PSON* 303 = 24 — 328 = 9

% AUC ratio of prednisolone (PSLN) to prednisone (PSON) (n = 4 in each group).
* Significantly different from control (P < 0.05).

higher AUC. In the rats in the acute stage of inflammation,
the slightly higher AUC and lower clearance values were not
significantly different from the corresponding values in the
control group. The values of V and the half-life were not
significantly different across the three groups.

The ratio of AUCs of prednisolone and prednisone was
about 30 in the control animals and chronic inflammation did
not affect this parameter. This indicates that the metabolism
of prednisone was affected to the same extent as predniso-
lone by chronic inflammation and that the interconversion
between prednisone and prednisolone was probably not af-
fected. In the animals with acute inflammation, the pred-
nisone profile could be determined in only one rat, in which
this ratio was 72.5.

The results of the protein binding studies are shown in
Fig. 3. The protein binding parameters are presented in Table
I1. Chronic inflammation appears to lower the binding of
prednisolone markedly, whereas acute inflammation seems
to lower the binding moderately. At low concentrations,
prednisolone binds mainly to CBG, which has a high affinity
but low capacity for binding prednisolone. At higher concen-
trations, prednisolone binding to CBG is saturated and it
binds mainly to albumin, which has a low affinity but high
capacity for binding prednisolone. From Table II it appears
that the protein binding parameter affected most by chronic
inflammation was the nonspecific binding to albumin, al-
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Fig. 3. Plasma protein binding of prednisolone in control rats (@),
rats with-acute inflammation (O), and rats with chronic inflamma-
tion (A). Lines are drawn across fitted values.

though binding at lower steroid concentrations (to CBG) was
also decreased in both acute and chronic inflammation (Fig.
3). However, statistical comparisons could not be made be-
cause the numbers represent means of two determinations
from the same pools of plasma along with the standard errors
associated with their estimation using PCNONLIN.

The concentration—time profiles of free prednisolone in
the three groups (not shown) were calculated using the pro-
tein-binding parameters from Table II and the mean concen-
tration—time data presented in Fig. 2. Since chronic inflam-
mation caused a lowering of protein binding as well as low-
ered clearance, the free concentrations of prednisolone were
markedly higher in this group compared to the control. The
AUC:s of free prednisolone calculated from the mean profiles
in the control, acute, and chronic groups were 1121, 1823,
and 3141 pg - hr/L.

Table III shows the mean initial corticosterone concen-
trations and the partial AUCs in the three groups. In rats
with acute inflammation, both of these parameters were sig-
nificantly higher than in control animals. The values in rats
with chronic inflammation were not significantly different
from controls. Thus in the acutely inflamed rats, the sup-
pressive effect of prednisolone on corticosterone plasma lev-
els was partially offset by increased production of this en-
dogenous corticosteroid.

The present findings are important since prednisolone is
widely used in the treatment of rheumatoid arthritis and
many other inflammatory diseases. It has been shown that
patients with lowered prednisolone clearance are more sus-
ceptible to its side effects (20). The combined effect of low-
ered protein binding and reduced clearance in inflammation
may lead to even more serious consequences since the free
drug is generally regarded as being responsible for biological
effects. Hence, studies in patients with inflammatory dis-
eases are needed to determine if the findings in rats are clin-
ically relevant. However, such studies are often complicated
by concomitant drug therapy (e.g., nonsteroidal antiinflam-
matory agents) and need of suitably matched control subjects.

Table II. In Vitro Protein Binding Parameters of Prednisolone in
Plasma of Rats Without (Control) or with Acute or Chronic Inflam-
mation (Mean *+ SE)

Parameter Control Acute Chronic
NypPp (X 107 M) 85 = 1.0 9.3 =038 1.35 £ 0.13
Kr(x1075M™Y 1.8 £0.2 1.08 = 0.1 1.23 = 0.35
NAKAPA 1.74 = 0.07 1.44 = 0.06 0.65 = 0.07
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Table 1. Corticosterone Concentrations in the Plasma of Rats

(Mean *= SD)
Control Acute Chronic
Parameter (n=279) n=273) (n = 6)
Co° 328 47 480 = 107* 271 = 108
AUC,_,s? 7,618 + 1,948 15,651 = 5,252* 8,752 + 2,182

% Concentration of corticosterone before prednisolone dosing.

b Partial AUC of corticosterone (0—45 min) after prednisolone dos-
ing.

* Significantly different from control (P < 0.05).
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