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Drug-disease interactions: reduced f-adrenergic and potassium
channel antagonist activities of sotalol in the presence of acute and

chronic inflammatory conditions in the rat
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1 Inflammation may influence response to pharmacotherapy.

2 We investigated the effect of inflammation on response to sotalol, a f-adrenergic receptor and
potassium channel antagonist. Racemic sotalol (40 mg kg~') was administered to healthy, acutely
(interferono. 2a-induced) and chronically (Mycobacterium butyricum-induced adjuvant arthritis)
inflamed male Sprague-Dawley rats (n=4-6/group). Another group of interferon-treated rats
received 3 mg kg=' of anti-TNF antibody infliximab. Electrocardiogram (ECG) recorded and
plasma sotalol concentration monitored for 6 h. The study was repeated in acutely inflamed rats
following administration of stereochemically pure individual sotalol enantiomers [40 mg kg=' S
(potassium channel blocker) or 20 mg kg=' R (f-adrenergic/potassium channel blocker)].

3 Chronic arthritis was readily evident. Acute arthritis was associated with elevated segmented
neutrophils and increased plasma nitrite and tumour necrosis factor (TNF) concentrations. Sotalol
affected ECG in all rats. In both inflamed groups, however, response to sotalol in prolongation of
QT interval (potassium channel sensitivity) was reduced. The effect of PR interval (f-adrenergic
activity) was also reduced following administration of the racemate and R-enantiomer. No
significant differences in pharmacokinetics were observed between control and inflamed rats.

4 Infliximab reduced nitrite and TNF concentrations and reversed the effect of acute inflammation
on both PR and QT intervals.

5 The reduced electrocardiographic responses to sotalol is likely due to the influence of
inflammation on the action of the drug on both fS-adrenergic and potassium channel receptors
secondary to over-expression of pro-inflammatory cytokines and/or nitric oxide.

6 Our observation may have therapeutic consequences in all conditions where inflammatory

mediators are increased.
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Introduction

It is known that in vitro increases in nitric oxide and/or pro-
inflammatory cytokines may influence the sensitivity of f-
adrenergic receptors (Rozanski & Witt, 1994) as well as the
calcium (Liu er al., 1999) and potassium (Kaprielian et al.,
1999) channels. The exact instigator of this down-regulation
is not known since expression of any of the inflammatory
mediators results in increased level of the others. Suggested
mechanisms for these in vitro observations include reduced
receptor density and/or affinity (Raaijmakers et al., 1989;
Gulick et al., 1989; Rozanski & Witt, 1994; Liu et al., 1999).
Nevertheless, the therapeutic consequence of the reduced
sensitivity is not known due to the lack of in vivo data.
However, it has been shown that in post-myocardial
infarction patients, inflammatory status is the main determi-
nant of therapeutic failure (Verheggen et al, 1999) or
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mortality (Pietila et al., 1996). In addition, as compared with
the general population, a significantly higher cardiovascular-
related mortality rate has been noticed in patients afflicted
with systemic lupus erythematosus (Manzi et al., 1997).

A complicating factor in this context is the well-known
effect of inflammation on the pharmacokinetics of drugs due
to inhibition of various metabolic pathways (Schneider ez al.,
1981; Belpaire et al., 1982; Piquette-Miller & Jamali, 1995).
Inflammation causes increased concentrations of o;-acid
glycoproteins (Piafsky et al., 1978) and reduced intrinsic
clearance (Belpaire et al., 1989), both of which can result in
increased circulating drug concentration. This renders
differentiation between the effects due to pharmacodynamics
changes and those resulting from pharmacokinetic alterations
difficult.

To determine the effect of inflammation on response to
antagonists of f-adrenergic receptors and cardiac potassium
channels, sotalol was administered to acutely and chronically
inflamed as well as control rats. Sotalol is negligibly bound to
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plasma proteins and is mainly eliminated unchanged via the
renal route (Anderson & Prystowsky, 1999). Thus, inflamma-
tion would not be expected to reduce sotalol clearance hence
pharmacodynamic assessments can be carried out in the
absence of altered pharmacokinetics. Single oral doses of
40 mg kg~ of racemic sotalol which significantly prolonged
both PR and QT intervals and were still in the ascending
phase of the dose-response curves were chosen for the study.
In addition, both racemic and R-sotalol have nonselective /-
adrenergic and cardiac potassium channel blocking activities
but S-sotalol is a pure potassium channel blocker. Thus, we
took advantage of stereochemistry and by administering
stereochemically pure enantiomers, determined the effect of
inflammation on cardiac potassium channels in the absence
of f-adrenergic activity. In an attempt to explore whether the
effect of inflammation on the potency of sotalol was cytokine
dependent, inflamed rats were treated with anti-tumour
necrosis factor (TNF) antibody (infliximab) and their ECG
recorded.

Methods
Animals and dosing

This investigation was performed in adherence to the
principles of the Animal Ethics Committee of the University
of Alberta. Adult male Sprague— Dawley rats were housed in
standard rodent cages, kept on a 12 h light/dark cycle, and
fed a standard diet of Purina rat chow. Racemate and
enantiomers of sotalol were administered by dissolving
sotalol in normal saline and giving the appropriate volume
via oral gavage.

Chronic inflammation

Eight rats (23246 g) were divided to two groups of four.
One group (adjuvant arthritis, AA) received heat-killed
freeze dried Mycobacterium butyricum (Difco Laboratories,
Detroit, MI, U.S.A.) via an intralymphatic tail base
inoculation (35 mg in 0.05 ml squalene). The control group
received saline instead of the adjuvant. Pharmacokinetic-
pharmacodynamic experiments started 14 days after inocula-
tion when control and AA rats weighed 298+21 and
278+ 31, respectively. Before sotalol dosing, severity of the
arthritis was determined (Whitehouse, 1988). Briefly, an
arthritic index score was assigned by quantifying hind paw
and fore paw swelling and number of joints affected. Each
hind paw was visually graded using a score from zero to
four with zero representing no swelling or joint involvement,
while four indicating severe swelling of several joints. Each
fore paw was graded from =zero to three with zero
representing no swelling while a score of three indicates
excessive swelling of the wrist and joints. The highest score
attainable was 14 indicating severe inflammation with
extensive joint involvement.

Acute inflammation
Twelve rats (310+17 g) were divided to two groups of six.

Inflammation was induced in the test group by s.c. injections
of two doses of 5.0x 10* units of interferona 2a (Roche

Pharmaceuticals, Mississauga, Ontario, Canada) 12 and 3 h
prior to sotalol administration. The control group received
saline instead of interferon. To determine affliction with
inflammation, before commencement of the experiment, a
differential blood stain was performed on each rat. A total of
100 white cells were counted to determine the percentage of
lymphocytes, neutrophils and segmented (mature) neutro-
phils. The number of segmented neutrophils (mature
neutrophils) were counted since activation of the inflamma-
tory response is thought to accelerate the maturation process
(Davies et al., 1999). In addition, administration of
interferona 2a is reported to enhance neutrophil respiratory
burst, a step in which oxidative metabolism of neutrophils
increase before phagocytosis, which occurs with bacterial and
viral infection (Little et al., 1994). Thus, greater amounts of
segmented neutrophils in the interferono 2a-treated rat
indicated acute inflammatory disease.

Plasma nitrite assay

Nitrite (NO,, a stable breakdown product of NO) was
measured in plasma of all rats using a method reported by
Archer et al. (1995) and Grisham et al. (1996). Briefly, 100 ul
of plasma was incubated with Asperigillus nitrate reductase to
reduce all nitrate (NO3~) to nitrite (NO,). This was then
treated with the Griess reagent and absorbance measured at
540 nm. Calibration was performed using standard solutions
of NaNO, and NaNOj;. A comparison of NaNO, and
NaNO; calibration curves was used to test the enzyme
efficiency which was 98.8+1.2% for the experiment. The
assay was linear from 5-200 uM with a coefficient of
variation <10%.

Plasma TNF assay

TNFo was measured using an ELISA kit (Endogen, Woburn,
MA, U.S.A.) with the minimum quantifiable concentration of
10 pg ml~" based on 50 ul of plasma. The inter- and intra-
coefficient of variation were <10%.

Electrocardiograph (ECG) recording

Prior to sotalol administration, under a light general
anaesthesia using methoxyflurane, three stainless steel Teflon
coated electrodes (Cooner wire, Chatsworth, CA, U.S.A.)
were attached to the rats for Lead I monitoring. Two
electrodes near the right and left axilla regions, and the third
at the xiphoid cartilage.

To avoid interference of anaesthesia with the effect of
sotalol, rats were allowed to recover for 2 h and were studied
while conscious (Mayo & Jamali, 1999).

ECG measurements, i.e., PR, and QT intervals as well as
the heart rate, were continually monitored using an
Electronics for Medicine Honeywell V1207A Electrocardio-
graph Amplifier and recorded using Acknowledge 3.0 Data
Acquisition software (Biopac Systems, Inc., Goleta, CA,
U.S.A.). The PR interval represents the time required for an
impulse to conduct through the tissues located above the
ventricles (i.e., atria, AV node and His bundle). Since f-
adrenergic antagonists act by sympathetic blockage, de-
creased SA node automaticity and AV node conduction,
PR interval prolongation is a measure of fj-adrenergic
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antagonism (Opie, 1998). The QT interval, conduction
through Purkinjie fibres and ventricular muscle represents
drug effect on ventricular depolarization and repolarization,
is used as a measure of cardiac potassium channel blocking
activity (Opie, 1998). The PR interval is measured as the
distance from the crest of the P wave to the crest of the R
wave. The heart rate is measured as the distance from the
crest of one R wave to another. In the rat, the ST segment of
the electrocardiogram cycle forms a plateau that is not seen
in a human electrocardiogram. Therefore, in order to
quantify the QT interval the distance from the Q dip to the
bottom of the ST segment is measured. Prolongation of PR
and QT intervals were not corrected for changes in heart rate
since a consistent relationship between the duration of both
PR and QT intervals and heart rate in the rat has not been
shown (Detweiler, 1981).

The interval measurements were conducted before blood
sample collection. For each interval at every sampling time
five consecutive cycles were averaged.

Dose-response study

A dose-response study was conducted by administering single
oral doses of racemic sotalol to healthy rats (10, 20, 40, 80,
100 and 120 mg kg~'; n=6 per group) and recording ECG.
Single oral doses of 40 mg kg~' racemic sotalol were chosen
for pharmacokinetic-pharmacodynamic studies.

Pharmacokinetic-pharmacodynamic study

For simultaneous ECG recording and blood sample collec-
tion, in addition to the electrodes, the right jugular vein was
catheterized with silastic tubing (0.025 in. i.d.x0.037 o.d.;
Dow Corning, Midland, MI, U.S.A.) under general anaes-
thesia using methoxyflurane (Jansen Pharmaceuticals, North
York, Ontario, Canada). The animals were allowed to
recover overnight before the experiment. Rats were allowed
access to water but were fasted over the night before the
experiment.

To the chronic arthritic rats and their control (n=4 per
group), 40 mg kg~' racemic sotalol was administered and
serial blood samples (0.2 ml per sample) were taken at 0,
0.25, 0.50, 0.75, 1.0, 1.5, 2.0, 3.0, 4.0 and 6.0 h via the right
jugular vein.

The rats with acute inflammation were divided to three
groups of six. Each group was tested along with a control
group (n=6 per group). One group received 40 mg kg™'
racemic sotalol. Since sotalol enantiomers are equipotent in
potassium channel antagonism but only R-sotalol possesses
p-adrenergic  blocking activity, single oral doses of
40 mg kg~' S- or 20 mg kg~' R-sotalol were administered
to rats with acute inflammation and their respective controls.
We expected equipotent potassium channel and f-adrenergic
antagonism following administration of racemate versus S
and R enantiomers, respectively. Blood samples were taken
at 0, 0.25, 0.75, 1.0, 1.5, 4.0 and 6.0 h via the right jugular
vein.

In another experiment we monitored ECG in four healthy
and four acutely-inflamed rats in the absence of jugular
catheterization and concluded that the catheterization had no
effect on the baseline indices during the baseline and after a
40 mg kg~' dose of sotalol.

Effect of anti-TNF

Rats (n=6 per group) were divided to four groups: (1)
Control; (2) interferon-treated; (3) interferon/anti-TNF-
treated; and (4) Control-anti-TNF-treated under the same
conditions described under Acute inflammation. Single i.v.
doses of 3 mg kg~! infliximab (Remicade, Schering Canada,
Inc.) were administered 8 h after the second dose of
interferon treatment. Ten hours after this point, single oral
doses of 40 mg kg~' racemic sotalol was administered. ECG
was recorded throughout the experiment. Plasma nitrite and
TNF concentrations were measured at the time of sotalol
administration.

Sotalol assay

Sotalol was quantified using a validated stereospecific
normal-phase HPLC assay (Carr et al., 1991). This method
involves liquid extraction from 100 ul plasma and formation
of diastereomers of both racemic sotalol and (+)-atenolol
(internal standard). The S-(+)-1-(1-napthyl)ethyl isocyanate
diastereomers were separated using a silica column and
fluorescence detection.

Data elaboration

The area under the plasma concentration-time (AUC) and
that of effect-time (AUEC) curves from 0 to 6 h were
calculated using the trapezoidal rule. Detail sotalol pharma-
cokinetics analysis was made only on the data collected from
the rats with chronic inflammation since sufficient number of
blood samples were collected only from this group. The
AUC to infinity is determined from Cp,y/f where Cyp,q is
the last point on the concentration-time curve. The terminal
elimination rate constant () was calculated using log-linear
regression of at least three points in the log-linear terminal
phase of the plasma concentration-time curve. Oral clearance
(CL/F) was calculated using Dose/AUC,._,, where F is the
oral bioavailability. The volume of distribution (Vd/F) after
an oral dose was estimated from Dose/AUCy..*S. To
determine the correlation between dose of sotalol and ECG
interval prolongation for the dose-response study, the effect
of escalating doses of sotalol racemate on PR and QT
interval prolongation were fitted to a Hill equation using
SigmaPlot for Windows version 4.0 (SPSS Inc., Chicago, IL,
U.S.A).

The statistical significance of the observed differences were
tested using the two tailed Student #-test or ANOVA
followed by the Duncan’s New Multiple Range test at
o=10.05 for two and more means, respectively. The results are
reported as mean +standard deviation.

Results
Inflammatory conditions

In the chronic arthritis group, 10— 14 days after inoculation
with Mycobacterium butyricum, skin nodules on the ears and
tail, as well as fore and hind paw swelling were noted. The
arthritic index scores ranged from 10— 12 indicating moderate
adjuvant arthritis. The rats with acute inflammation demon-
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strated significantly greater counts of segmented neutrophils
as compared with control rats (Table 1). Baseline plasma
nitrite was significantly elevated from 13.3+4.4 uM in
controls to 37.3+7.6 uM in the rats with acute inflammation
and from 12.84+6.2 to 41.84+13.2 uM in chronic arthritis.

Sotalol dose-response

All doses of sotalol affected ECG significantly (Figure 1).
Plots of effect versus sotalol concentration exhibited high
degrees of variability. Nevertheless, PR and QT interval-
concentration relationships tend to exhibit sigmoidal shape.

Table 1 Mean+s.d. of hematological parameters after
administration of interferon,,, (acute inflammation)

Segmented
Lymphocytes Neutrophils neutrophils
(%) (%) (%)
Control
Racemate 80+4 14+3 5+2
R-sotalol 80+ 6 15+4 443
S-sotalol 7945 16+4 6+2
Interferon-treated
Racemate T7+2 8+2%* 16+2*
R-sotalol 76+3 74 2% 17+4*
S-sotalol 80+4 54+1* 15+4*

*Significantly different from control (P<0.05).

* =0.966
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Figure 1 Maximum effect observed following administration of
various doses of racemic sotalol to healthy rats. Error bars represent
standard deviation of the mean (n=6 per group), lines through the
data points represent the best fit using hyperbola function.

On the other hand, heart rate-concentration curves were
better described as a counter-clockwise hysteresis. Attempts
to collapse the latter failed due, perhaps, to excessive
variability. No further interpretation of pharmacokinetic-
pharmacodynamic data was made due to the observed
variability. From plots of racemic sotalol doses versus
prolongation of PR and QT intervals in healthy rats, the
40 mg kg~ ' dose was chosen for pharmacokinetic-pharmaco-
dynamic studies since it produced effects in the ascending
phase of the dose-response curves (Figure 1). The effect of a
single 40 mg kg=' dose on both PR and QT intervals was
significantly greater than that of a 20 mg kg~' and smaller
than that of an 80 mg kg~

Effect of inflammation on ECG

To determine the effect of inflammation on ECG response to
sotalol, both individual data points (Figures 2 and 3) and
AUEC g, (Table 2) were assessed. No significant differences
in baseline PR and QT intervals were found between the
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Figure 2 Time courses of sotalol effect following administration of
single 40 mg kg~' oral doses of racemic sotalol to healthy and
chronically arthritic rats. Error bars represent standard deviation of
the mean (n=4 per group); *Denotes significantly different (P <0.05).
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control and inflamed rats (Figures 2 and 3). These baseline
values were close to those previously reported (Detweiler et
al., 1981). Similarly, the baseline heart rate was unaffected by
acute inflammation but was significantly elevated in response
to chronic arthritis (Figure 2).

Figures 2 and 3, and Table 2 depict the observed
pharmacodynamic data following a single 40 mg kg~"' dose.
All ECG indices were affected by 40 mg kg~' doses of sotalol
in all rats. As expected, while both racemic and R-sotalol
prolonged PR and QT intervals, S-sotalol lengthened only
QT interval. However, the effect of the treatments on PR and
QT intervals was significantly reduced by both types of
inflammation. On the other hand, inflammation did not
significantly influence the effect of sotalol on heart rate.

Effect of anti-TNF antibody

Administration of anti-TNF antibody to rats with acute
inflammation resulted in normalization of nitrite concentra-
tion and all pharmacodynamic responses to sotalol as well as
reduced plasma TNF concentration (Table 5).
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Effect of inflammation on pharmacokinetics of sotalol

As anticipated chronic and acute inflammation did not
influence pharmacokinetics of sotalol enantiomers after
administration of racemate and stereoisomers (Figure 4,
Tables 3 and 4). No stereoselectivity in pharmacokinetics of
sotalol was observed

Discussion

The present data demonstrate, for the first time, a reduced
response to sotalol in prolonging PR and QT intervals in rats
with both acute and chronic inflammation. This may be due
to an altered pharmacokinetics or a reduced f-adrenergic and
potassium channel receptors responsiveness. The former
explanation can be ruled out since the pharmacokinetics of
sotalol remained unaffected by inflammation (Figure 4,
Tables 3 and 4). The similar disposition of sotalol
enantiomers in the healthy and inflamed rats is due, perhaps,
to negligible binding to plasma proteins and its complete
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Figure 3 Time courses of sotalol effect following administration of single oral doses of 40 mg kg™
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! sotalol racemate, S-sotalol

(40 mg kg~") and R-sotalol (20 mg kg™") to control and interferons: 2a (IFN),,, treated rats. Error bars represent standard
deviation of the mean (n=6 per group); *Denotes significantly different (P <0.05).
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Table 2 Area under the effect-time curves from 0 to 6 h following oral administration of sotalol to control and rats with chronic

(adjuvant arthritic) and acute (interferon-treated) inflammation

PR interval

(msec x h)
Control Inflamed

Chronic arthritis

Racemate (40 mg kg~ ) 264+5 242 +3*
Acute inflammation

Racemate (40 mg kg~ ) 262+5 239+ 9%

S-sotalol (40 mg kg™ ") 242+4 247+6

R-sotalol (20 mg kg~ ') 25545 241+ 4*

QT interval Heart rate

(msec x h) (RR interval, msec x h)
Control Inflamed Control Inflamed
419+ 10 388+ 9% 1968 +90 20514139
41617 375+ 8% 19244115 1941+ 116
409+ 12 373 +18* 1982+ 154 1968 + 59
390+16 371+ 5% 1885+ 115 1976+ 65

Data presented as mean (n=6 per group)=+s.d.; *Significantly different from control (P <0.05).
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Figure 4 Plasma sotalol enantiomer concentration-time plots in
control and interferona 2a treated rats following racemate
(40 mg kg~ "), S-sotalol (40 mg kg~') and R-sotalol (20 mg kg™')
oral doses. Control R (O) and S (A\), interferon treated R ([J) and S
(V), error bars represent standard deviation of the mean no
significant differences between control and inflamed rats are observed
(P>0.05).

dependency on the renal route of elimination (Anderson &
Prystowsky, 1999). Hence, the two major inflammation-
induced changes, i.e., increased serum o;-acid glycoproteins
and decreased intrinsic hepatic clearance (Piafsky ef al., 1978;
Belpaire et al., 1989) do not play any significant role in
clearance of sotalol.

A series of published in vitro observations point to the
possibility of a reduced f-adrenergic responsiveness in the
presence of pro-inflammatory mediators such as interleukin
(IL)-1p (Liu et al., 1999; Gulick et al., 1989); TNF (Gulick et
al., 1989) and nitric oxide (Rozanski and Witt, 1994; Muller-
Werdan et al., 1998). Therefore, the observed reduced
potency of sotalol to prolong PR interval in inflamed rats
is due, perhaps, to an altered cardiovascular receptor
function causing an alteration in f-adrenergic receptor
configuration, density and/or chemical messenger activity.
This alteration is likely secondary to an over-expression of
nitric oxide and/or pro-inflammatory cytokines. Indeed, we
observed approximately 3 fold greater plasma concentration
of nitrite in both acute and chronic inflammation. In
addition, in a separate experiment, we found significant
elevations of plasma TNF and nitrite concentrations in
acutely inflamed rats at the time of sotalol administration
(Table 5). Both these inflammatory mediators were signifi-
cantly reduced in response to a single dose of infliximab. The
anti-TNF antibody resulted in the reversal of the diminishing
effect of inflammation (Table 5). Infliximab is a novel drug
for the treatment of inflammatory diseases. It is a chimeric
monoclonal antibody to TNFa which binds to both soluble
and transmembrane forms of TNFa«. Through inhibition of
TNFo, infliximab reduces concentrations of TNF and other
inflammatory mediators and decreases lymphocyte migration
into the joints of patients with rheumatoid arthritis
(Markham & Lamb, 2000). Our observation confirms, for
the first time, a significant in vivo link between pro-
inflammatory mediators and reduced responsiveness of f-
adrenergic and potassium channel receptors.

p-adrenergic antagonists have been found to be less
efficacious (Brodde er al., 1995; Messerli et al., 1998; Tenero
et al., 1990) or less beneficial (MRC Working Party, 1992) in
treating hypertension in the elderly as compared with
younger individuals. Decreased sensitivity of calcium chan-
nels to verapamil in rheumatoid arthritis (Mayo et al., 2000),
in older individuals (Abernethy et al., 1993) and in obese
hypertensive patients (Abernethy & Schwartz, 1988) have also
been reported. Increased expression of pro-inflammatory
cytokines in these subjects (Bruunsgaard er al., 1999; Liao
et al., 1993; Visser et al., 1999; Mayo et al., 2000) may
explain these reduced sensitivities.

Our data also suggest reduced response to potassium
channel receptors antagonists in addition to that of f-
adrenergic antagonists in both chronic and acute inflamma-
tions. Racemic sotalol antagonizes both these receptors
(Anderson & Prystowsky, 1999). Hence, both PR and QT
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Table 3 Mean+s.d. of pharmacokinetic indices following administration of 40 mg kg~' racemic sotalol to healthy and chronic

arthritic rats

Control (40 mg kg™ ") Arthritic (40 mg kg™")
R

S R N

Tonax (h)? 2.00+0.00 2.00+0.00 1.56+0.59 1.56+0.59
Cax (ug ml1—1HP° 4.78+0.96 4.7640.94 5.29+1.89 5.40+1.62
tis (h)° 1.43+0.41 1.47+0.43 1.40+0.26 1.374+0.22
AUCy_¢ (ug*h m1~ 14 14.65+1.87 14.15+1.58 12.40+3.50 12.50+2.85
AUC,_ o (ug*h ml~1)° 16.27+1.35 15.74+1.44 13.20+3.83 13.40+3.03
CL/F (L h™hf 0.38+0.03 0.40+0.03 0.43+0.12 0.42+0.10
Vd/F (L)® 0.80+0.28 0.84+0.26 0.88+0.40 0.83+0.33

aTime of maximum observable plasma concentration; *Maximum observable plasma concentration; “Terminal elimination half-life
estimated from at least three data points of each rat; ‘Area under the plasma concentration-time curve from 0 to 6 h; *Area under the
plasma concentration-time curve extrapolated to infinity; ‘Oral clearance; ®Volume of distribution; No significant differences were found
between control and inflamed rats (P>0.05).

Table 4 Bioavailability indices (mean +s.d.) following administration of racemate and individual enantiomers of sotalol to control and
interferona 2a-treated (inflamed) rats

Racemate (40 mg kg™") S-sotalol R-sotalol
S-sotalol R-sotalol (40 mg kg~ (20 mg kg™ 1)

Tmax (h)a

Control 1.38+0.31 1.38+0.31 1.54+1.26 1.79+1.12

Inflamed 1.54+1.26 1.54+1.26 1.38+0.31 1.54+1.26
Cm'dx (Mg mlil)b

Control 4.15+0.76 4.23+0.84 791+2.46 3.424+1.19

Inflamed 3.61+1.54 3.91+2.02 8.77+3.44 3.80+2.37
AUCq ¢ (ug h ml~")°

Control 142+2.7 142428 29.1+5.0 13.5+3.7

Inflamed 13.0+£3.0 139+34 27.7+8.4 14.0+7.9

aTime at maximum observable concentration; "Maximum observable concentration; “Area under the plasma concentration-time curve

from 0 to 6 h; No significant differences were found between control and inflamed rats (P> 0.05).

Table 5 Effect if inflammation and Anti-TNF on plasma nitrite and tumour necrosis factor (TNF), segmented neutrophil at the time

of administration of 40 mg kg™!

racemic sotalol, and PR and QT intervals

Segmented

neutrophil Nitrite TNF AUEC,_s (msec h™1)
Group (%) (um) (pg mL~") PR interval QT interval
Healthy 6+2 142412 16.5+5.8 261+6 42149
Inflamed® 17+4° 41.7+8.9° 60.4+11.3° 239 +4¢ 378 +8°
Inflamed + Anti-TNF® 7+2 13.84+0.4¢ 37.8+14.1¢4 273 +84 431 +10¢
Healthy + Anti-TNF® 6+3 12.940.9¢ 14.6+4.2¢ 263+ 13¢ 42949¢

nterferon-treated; Infliximab-treated; “Significantly different from control; “Significantly different from inflamed; Mean+s.d., n=6

per group.

intervals are prolonged and inflammation seems to reduce the
effect of sotalol on both of these ECG intervals. The effect of
S-sotalol, the specific potassium channel blocker enantiomer
(Anderson & Prystowsky, 1999), on QT intervals was also
reduced by inflammation. It should be mentioned that both
racemic and R-sotalol also affected QT interval but, as
expected, this was accompanied by a similar effect on PR
interval due to their lack of specificity. Previously reported in
vitro data support our finding (Nishio ef al., 1999; Kaprielian
et al., 1999; Neumann et al., 1995). Similarly, over-expression
of pro-inflammatory cytokines and potassium channel down-
regulation is observed in patients with congestive heart failure
(Kapadia et al., 1998; Nabauer & Kaab, 1998). Hence, the
decreased QT interval prolongation in sotalol-treated rats
with acute and chronic arthritis is also due, perhaps, to
increased expression of pro-inflammatory cytokines.

The decreased f-adrenergic receptor and cardiac potassium
channel function was observed in both acute and chronic
inflammations despite the inherent differences between the
two types of inflammations (Kuby, 1997). However, our data
suggest an increased baseline heart rate in adjuvant but not in
the interferon-treated rats. We cannot offer an explanation
for this observation except the chronic nature of adjuvant
arthritis which is accompanied by various pathophysiological
changes. Acute inflammation is characterized by a sudden
onset as well as a short duration and is accompanied by
production of acute phase proteins by the liver. On the other
hand, chronic inflammatory diseases are associated with a
persistent antigen that resists phagocytosis and produces
greater inflammatory responses and tissue damage.

The reduced response to sotalol in rats inoculated with
interferona 2a may also be considered a drug interaction
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since interferon and other cytokines are used to treat various
diseases. The clinical significance of our observation remains
to be explored in patients with conditions such as chronic
active hepatitis B and renal cell carcinoma who are recipients
of interferona 2a therapy. Interestingly, in these disorders,
development of arthritis as a complication of interferon
treatment has been reported (Nesher & Ruchlemer, 1998).
The altered response to sotalol in the rat with both acute
and chronic inflammation emphasizes the importance of
disease-drug interactions. With most drugs there are discrete
sub-populations (e.g., disease, age, concurrent therapy) for
whom concentration-effect relationships differ from what is
commonly seen and understood (Levy, 1998). Interestingly,
inflammatory status has been shown to determine the clinical
course of post-myocardial infarction patients who have
unstable angina and receive standard drug therapy (Verheg-
gen et al., 1999). In addition, mortality in post-myocardial
infarction was greater in individuals with higher concentra-
tions of inflammatory marker, C-reactive protein, indepen-
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