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Aims In¯ammation reduces hepatic clearance of many drugs with unknown

therapeutic consequences. This study was carried out to examine the effect of

rheumatoid arthritis (RA) on the pharmacokinetics and pharmacodynamics of

verapamil.

Methods Eight RA patients were age- and sex-matched with eight healthy volunteers.

The disease severity was assessed, and ECG, blood pressure and verapamil enantiomers

concentrations were measured for 12 h post 80 mg oral verapamil. Serum interleukin-

6 (IL-6) and nitrite (NO2
±) were measured in predose samples.

Results IL-6 and NO2
± concentrations were signi®cantly increased in parallel with

disease severity. Oral clearance of both S- and R-verapamil was signi®cantly decreased

by RA. While the unbound fraction of S- and R-verapamil decreased by 5 and 7-fold,

respectively, the unbound AUC remained unchanged for the more potent

enantiomer, S-verapamil. AUC of norverapamil enantiomers was increased

2±3-fold. Despite elevated serum drug concentrations in RA, the potential to

prolong the PR-interval was signi®cantly reduced by one fold and the effect on the

heart rate and blood pressure did not increase.

Conclusions RA results in increased verapamil concentrations due likely to changes in

protein binding, decreased clearance and/or altered hepatic blood ¯ow. A signi®cant

decrease in dromotropic effect, despite increased serum drug concentrations, may be

attributed to receptor down regulation caused by pro-in¯ammatory cytokines and/or

NO.
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Introduction

In¯ammatory conditions such as rheumatoid arthritis (RA)

and Crohn's disease have been shown to reduce hepatic

clearance of several highly cleared drugs [1±5]. The

therapeutic consequence of the effect is unknown. For

drugs intended to treat in¯ammation, it is suggested that

patients with RA are more predisposed to adverse drug

reactions than the general population [6, 7] e.g. a higher

frequency of allergic reactions to d-penicillamine [8, 9].

Since drugs used to treat in¯ammatory conditions typically

exhibit a low hepatic extraction ratio, an increased

reaction is unlikely to be due to altered pharmacokinetics

induced by in¯ammation. On the other hand, the

pharmacokinetics of drugs intended for the treatment of

other conditions may be altered in patients with

in¯ammatory disease. For example, clearance of many

cardiovascular drugs is highly dependent on hepatic

function [1±4]. This is important since it is estimated

that about 40% of patients with rheumatic diseases take

antihypertensive drugs [10, 11]. Very recently, in¯amma-

tion has been suggested as the main determinant outcome

of therapy failure in patients with unstable angina [12].

Moreover, the possibility of multiple diseases increases

with ageing population.

In¯ammation causes increased plasma concentration of

a1-acid glycoprotein (AAG), thereby increasing protein

binding and reducing unbound fraction. This, in turn, may

result in reduced clearance of the total drug due to a

diminished concentration of the unbound portion [13].Received 18 April 2000, accepted 2 October 2000.
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Both latter changes have been suggested as the underlying

causes of reduced clearance of many drugs [1±5].

Verapamil, a phenylalkylamine calcium channel

blocker, is widely used in the treatment of hypertension.

It is bound to plasma proteins including AAG and is

extensively metabolized upon the ®rst-pass through the

liver [14±16]. Following therapeutic doses, verapamil

causes negative dromotropic effects re¯ected as a plasma

concentration-dependent prolongation of PR interval and

AV node block [17]. The PR interval prolongation is

conveniently detectable even after small single doses [18].

The purpose of this study was to determine if

rheumatoid arthritis in¯uences the pharmacokinetics of

verapamil, and whether this brings about changes in

pharmacodynamics of the drug.

Methods

Materials

Rac-verapamil hydrochloride and norverapamil were gifts

from G.D. Searle (Skokie, Ill). (+)-Glaucine and

hepta¯uorobutanol were purchased from Aldrich (Mil-

waukee, WI). H.p.l.c. grade hexane (Caledon Labora-

tories, Georgetown, Canada), and propan-2-ol (BDH

Inc., Toronto, Canada) and heptane (Mallinckrodt, Paris,

KT), and 98% anhydrous ethanol (Stanley, Vancouver,

Canada) were used. Asperigillus nitrate reductase

10 U mlx1, 0.1 M FAD, 1 mM NADPH, 1500 U mlx1

LDH, 100 mM pyruvic acid and triethylamine (TEA) were

purchased from Sigma Chemical Co. (St Louis, MO).

Subjects and study protocol

The study was performed in accordance with the

declaration of Helsinki. The protocol was approved by

the University of Alberta Hospital Research and Ethics

Committee. All participants provided written informed

consent. Eight RA patients with no other diseases were

age-and sex-matched with eight healthy volunteers

(Table 1). They had maintained the same therapeutic

regimen for at least 4 months. To avoid pharmacodynamic

interactions [10, 11 19], patients under treatment with

nonsteroidal antin¯ammatory drugs were excluded. All

patients underwent physical and laboratory examination.

A small but statistically signi®cant difference in weight was

observed between the two groups. They were no signs of

hepatic or renal disease. The subjects fasted on the evening

prior to the study. On the study day, they reported to the

clinical investigation unit at 07.30 h. They were weighed

and temperature recorded. An intravenous line was

established in the antecubital vein for serial blood

sampling. Surface electrodes were placed to record a

standard lead I and aV5 ECG. The patients were then

monitored for a minimum of 1 h or until a stable baseline

was established for heart rate, PR interval and blood

pressure. At time 0 h, 80 mg of rac-verapamil (Isoptin1,

lot: 6C384, Searle Oakville, Canada) was administered

with 200 ml water. Serial blood samples were drawn at 0,

20 and 40 min, and 1, 1.5, 3, 4, 6, 8 and 12 h and serum

separated. Blood pressure and ECG measurements were

recorded 1 min prior to each blood sample. Subjects ate a

standard breakfast and lunch after the 1.5 and 6 h samples,

respectively. Serum nitrite and IL-6 concentrations were

measured in the time zero blood samples.

Disease severity (Table 1) was clinically assessed

according to the American Rheumatism Association

1987 revised criteria [20]. An arthritic index was calculated

using the number of joints involved and the severity as

follows: 0, no joints involved; 1, 1±4 joints; 2, 5±9 joints;

3,>10 joints involved. Swelling was assessed as 0: none; 1,

mild; 2, moderate; 3, severe. Thus a maximum score of 6

would indicate severe disease.

Assay of verapamil and norverapamil

A previously published stereospeci®c assay was used [21]

Brie¯y, to 100 ml of serum in a glass test tube were added

75 ml of 400 ng mlx1 (+)glaucine (internal standard),

100 ml 2 M NaOH, 0.4 ml sodium phosphate buffer

(pH 7.0, ionic strength 0.1), and 6 ml heptane. The

sample was vortexed for 1 min and centrifuged at 2000 g

for 10 min. The organic layer was transferred to a glass

tube and evaporated to dryness in a vacuum centrifuge at

60uC. The resulting residue was reconstituted in 200 ml

of mobile phase (hexane-isopropanol-ethanol-TEA,

85 : 7.5 : 7.5 : 1.0, v/v), and 100 ml injected into the

h.p.l.c.

A Waters (Millipore-Waters, Missassuaga, Canada)

h.p.l.c. apparatus was used consisting of a twin piston

pump, a WISP 710B autosampler, a column oven (31uC)

and a 470 ¯uorescence detector set at excitation of

272 emission of 317 nm and bandwidth at 18 nm. The

integrator was a Hewlett-Packard (Avondale,PA) 3390 A

model. An achiral column (5 cmr4.6 mm ID Supelco-

sil1 LCSi column, Supelco Inc., Bellefonte PA) was

serially attached to a chiral column (250 mmr4.6 mm

i.d. 10 mm Chiralpak AD, Daicel Chemical Ind., Tokyo,

Japan). Standard curves were linear over a

2.5±200 ng mlx1 range. Sensitivity for R and S-verapamil

was 2.5 ng mlx1 (CV<5%) and 7.5 ng mlx1 for R and

S-norverapamil (CV<13%). The intra-and interday

precisions were greater than 90%.

Electrocardiogram and haemodynamic analysis

A standard lead I and aV5 electrocardiogram was recorded

using a Holter monitor (Hewlett-Packard, Avondale, PA)
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with full disclosure. Blood pressure was determined using a

Dynamap (IVAC Instruments, Toronto, Canada) auto-

mated cuff syphgmomanometer. Mean arterial pressure

(MAP) was calculated from

MAP � �2 �DBP� � �SBP�
3

;

where SBP and DBP were systolic and diastolic blood

pressure, respectively. Subjects were in the supine state for

10 min prior and during ECG and blood pressure

measurement. The mean of ®ve PR intervals and heart

rate measurements recorded during the minute before

blood samples collection for the pharmacokinetic analysis

was calculated.

Serum nitrite analysis

Serum nitrite (NO2
±) was measured using a previously

published method [22]. Brie¯y, 100 ml of serum was

incubated with 10 Units of Asperigillus nitrate reductase in

the presence of 0.1 M ¯avine adenine dinucleotide, 1 mM

nicotinamide adenine dinucleotide phosphate dehydro-

genase to reduce all nitrate (NO3) to nitrite (NO2
±). The

reaction was quenched with 1500 U lactate dehydrogen-

ase and 100 mM pyruvic acid. This was then treated with

the Griess reagent, an equal mixture of 0.2% naphthyle-

nethylendiene and 2% sulphanilamide in 5% ortho-

phosphoric acid. Absorbance was measured at 540 nm

using a Vmax microtitre plate reader (Molecular Devices

Corp., Fisher Scienti®c, Edmonton, Canada). Calibration

was performed using standard solutions of NaNO2 and

NaNO3 to evaluate the dehydrogenase ef®ciency. The

assay was linear within the examined range of 5±200 mM

(CV<5%). None of the drugs used by our subjects

(Table 1) including verapamil interfered with the assay.

Due to an inadvertent destruction of samples, data from six

controls and six RA patients were generated.

Interleukin 6 assay

Serum interleukin (IL)-6 concentrations were measured

by ELISA (Medgenix Diagnostics, Fleurus, Belgium). This

allowed for the quanti®cation of IL-6±2.0 pg mlx1

(CV<8%). Due to an accidental destruction of samples,

data from four controls and four RA patients were

generated.

Protein binding

Serum for the protein binding study was pooled from the

time zero h blood sample of both groups (n=8/group).

The pooled serum was adjusted to pH 7.4 with 0.1 M

HCl. The serum was then forti®ed with 100 ng mlx1 of

S-verapamil and 200 ng mlx1 R-verapamil to approx-

imate in vivo drug concentrations. The sample was

incubated at 37uC for 1 h then transferred to microparti-

tion chambers (Amicon Division of W.R. Grace & Co,

Danvers MA) for ultra®ltration. The chambers were

centrifuged at 2000 g for 1 h. In addition, four chambers

were loaded with phosphate buffer, pH 7.4, to determine

the presence of any nonspeci®c binding or adsorption to

the micropartition system. Both ®ltrate and non®ltrate

concentrations were measured and the fraction unbound

(fu) determined as the unbound concentration divided by

total concentration. To ensure concentrations were above

the minimum quanti®able limit for the h.p.l.c. assay, 3

micropartitions of the 12 chambers were pooled allowing

for a total of 4 measurements per group.

Treatment of data

Model independent analysis of serum verapamil enantio-

mers was performed. The terminal elimination rate

constant (lz) was calculated using a nonweighted nonlinear

least-squares regression. AUC(0,?) was calculated using

the linear trapezoidal rule until the last experimental data

Table 1 Patients characteristics.

Parameter Control RA

Sex, Male/Female 5/3 5/3

Age (years) 43.0t5.1 43.0t5.1

Height (cm) 174t1.4 174t1.7

Weight (kg) 76.7t2.9 63.5t3.4 *

Number of joints involved 0 16.3t8.0*

Arthritic index 0 3.9t2.0*

Other medications 1 on paracetamol prn 2 on hydroxychloroquine

1 on loratidine prn 4 on methotrexate

1 on sulphasalazine

1 on cyclosporin

*Signi®cantly different from controls.

Decreased dromotropic response to verapamil
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point (Clast) plus Clast/lz. AUC of the unbound fraction

was calculated from AUCu(0,?)=AUC(0,?) x fu where

fu is the fraction unbound and it is assumed that verapamil

protein binding is concentration independent [23]. Oral

clearance (CL/F) was estimated for each patient from

CL=F � Dose
AUC�0;?�:

Percent changes in pharmacodynamic responses were

calculated from the differences observed between the

baseline and pos-treatment values. The area under the

percent effect-time curve was calculated using the

trapezoidal rule.

The unpaired and paired Student's t-test was used to

compare the two groups and between the enantiomers,

respectively. To test the signi®cance of correlation

between parameters, a least-squares linear regression was

performed using a Pearson's r to determine goodness of ®t.

A multivariate discriminate analysis was used to assess

serum IL-6 and NO2
± as indicators of disease severity. The

relative importance of each independent variable within

the discriminant function was evaluated from the

correlation between the independent variable and the

canonical function [24].

Statistical signi®cance was set at P<0.05. The data are

expressed as the mean t s.e.mean.

Results

Serum IL-6 and NO2
± were signi®cantly elevated in the

RA group in comparison with the control subjects

(Figure 1). In addition, serum nitrite (r=0.95,

P<0.00001, n=12, Figure 2), IL-6 (r=0.56, P<0.05,

n=8) and S-verapamil AUC (r=x0.46, P<0.05,

n=16). correlated with disease severity. Using a dis-

criminant analysis, a subject could be correctly identi®ed as

control or rheumatoid 100% of the time based on the

serum nitrite concentration (P<0.04).

RA caused a signi®cant and substantial rise in serum

concentrations of both enantiomers (Figure 3) as re¯ected

in an approximately four and three fold increase in

AUC(0,?) of S-and R-verapamil, respectively (Table 2).

Greater variability in serum verapamil concentrations was

noticed in RA patients when compared with the control

group. A similar numerical increase was observed for Cmax

that reached signi®cance for R-verapamil but not for S-

verapamil. Terminal elimination half-life, was not sig-

ni®cantly altered for either enantiomer. RA resulted in 6

and 5 fold decreased protein binding for R-and S-

verapamil, respectively. However, calculation of

AUCu(0,?) (mg mlx1 min) revealed that RA signi®cantly

decreased R-verapamil but did not affect S-verapamil

(Table 2).

AUC(0,12 h) of S- and R-norverapamil was also

signi®cantly increased by RA. The terminal tK of

norverapamil was not estimated due to excessive ¯uctua-

tions. Norverapamil/verapamil AUC ratios were not

altered by the disease.
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Despite the observed substantial elevation in serum total

verapamil and norverapamil concentrations and no change

in unbound S-verapamil, less dromotropic effect as

measured by PR-interval prolongation was observed in

RA (Figure 4, Table 3). Furthermore, AV blocks were

noticed only in controls and not in RA patients. Similarly,

other cardiac indices (i.e. blood pressure and heart rate),

that were expected to be affected by higher verapamil

concentrations observed in RA, remained at the level of

control subjects (Table 3).

In all subjects, the relationship between the PR interval

and serum S-verapamil concentration was linear and

signi®cant (r=0.71±0.98, P=0.001±0.05, n=13) except

for three subjects in the RA group. These three

demonstrated pronounced counter-clockwise hystereses.

In all three cases the hysteresis collapsed to concave curves

when the data were ®tted to a one-compartment model

with oral input linked to a theoretical effect compartment

[25]. Pharmacokinetics-pharmacodynamics data for R-

verapamil are not presented since the pharmacological

activity of verapamil is mainly ascribed to the S enantiomer

[26].

Discussion

This study demonstrates clearly that RA causes a decrease

in verapamil oral clearance resulting in a substantially

increased drug AUC (Figure 3, Table 2). This was not

unexpected since, in the rat, endotoxin-induced in¯am-

mation causes similar changes in verapamil disposition [2].

In addition, reduced oral clearance of drugs with

intermediate to high hepatic extraction ratios has been

reported by many authors in both humans and animals

with various in¯ammatory conditions [e.g. 1]. For an

orally administered dose, AUC is affected by the unbound

plasma concentration and enzyme activity [27, 28].

In¯ammation increases AAG concentrations [29] and

reduces intrinsic hepatic metabolism of many drugs

[30±32]. Verapamil enantiomers are extensively bound

to plasma AAG and albumin [33, 34]. They are also

extensively metabolized by the liver [14] and to a lesser

extent by the gut [35]. S- and R-verapamil have oral

bioavailabilties of approximately 0.25 and 0.65, respec-

tively [36], typical of a relatively highly and an

intermediately extracted drug. The difference in the

hepatic extraction ratio in¯uences each enantiomer's

sensitivity to these in¯ammation-induced changes [28].

Nevertheless, in¯ammation may increase plasma concen-

trations of drugs with both intermediate (e.g. hydroxy-

chloroquine [37]), and high hepatic extraction (e.g.

propranolol [38]). We did not examine the effect of

route of administration on the in¯ammation-induced

altered pharmacokinetics of verapamil. In the in¯amed rat,

however, increased plasma concentrations of propranolol,

a drug with high hepatic extraction, are observed only

after oral and not i.v. administration [4], suggesting

reduced ®rst pass metabolism.

In¯ammatory diseases and individual proin¯ammatory

cytokines can depress cytochrome (CYP) P450 isozyme

[30, 32, 39, 40]. While the mechanism of this suppression

is not clearly known, formation of NO, which may inhibit

CYP450, is a plausible explanation [41]. RA is associated

with an increased concentration of pro-in¯ammatory

cytokines such as IL-1û, tumour necrosis factor a and

interferon c [42] and NO [43, 44]. Our results (Figures 1

and 2) also demonstrate an average seven-fold increase in

serum IL-6 and 2-fold increase in serum NO2
±, a stable

breakdown product of NO.

RA could also change hepatic blood ¯ow due to

involvement of prostanoids, NO and endothelins [45, 46].

Nevertheless, at least in the rat adjuvant arthritis, the

hepatic blood ¯ow remains unchanged [47].

The AUC(0,12 h) of norverapamil was also elevated in

the presence of RA. However, no changes in metabolite

to parent drug (norverapamil/verapamil) ratios were

observed (Table 2). This may indicate that the rise in

the concentration of norverapamil is a re¯ection of that of
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the parent drug. The present data, however, do not permit

a clear interpretation of the effect of RA on norverapamil.

Our patients were taking other medications during the

study (Table 1). Four severely af¯icted patients with

relatively higher AUC values were receiving methotrexate

during the study. Three patients with moderate RA and

consequently AUC values closer to normal were receiving

hydroxychloroquine and sulphasalazine. The RA patient

with the lowest measured AUC was on cyclosporin.

Nevertheless, we noticed a signi®cant association between

the disease activity and oral clearance of verapamil similar

to what has been reported for propranolol in the rat [38].

We also observed a much greater variability in the

pharmacokinetics of verapamil in RA patients than in

healthy subjects (Figure 3). This may be explained by the

fact that patients with a wide range of disease activity were

studied.

Regardless of the exact underlying mechanism, sub-

stantial increases in the total verapamil concentrations

were observed in RA patients. This, however, did not

result in increased response. Quite the contrary, the

dromotropic effect of verapamil decreased and its

hypotensive potency remained unchanged in RA. The

percent prolongation in PR interval signi®cantly decreases

Table 2 Effect of rheumatoid arthritis (RA) on the pharmacokinetics of verapamil and norverapamil (NOR).

Parameter

Control

(Mean t s.e.mean)

RA

(Mean t s.e.mean))

tmax (h) S 1 (1-2.5) 1 (1-3)

95% CI x2.8y2.8

R 1 (1,2.5) 1 (1,2.5)

95% CI x3.0,-2.6

Cmax (ng mlx1) S 29.2t4.1 95.3t41.1

95% CI x78.8,-53.4

R 144t27 528t27*

95% CI x410,-359

tK (hx1) S 4.1t1.2 8.5t0.7

95% CI x9.7,0.94

R 4.9t0.7 3.6t0.7

95% CI x2.8,5.5

AUC(0,?) (mg mlx1 min) S 8.1t1.2 33.6t6.8*

95% CI x31.7,-19.3

R 39.1t4.6 125t34*

95% CI x98.6,-73.2

Fraction unbound S 0.138t0.007 0.028t0.005*

95% CI 0.061,0.16

R 0.073t0.0008 0.011t0.0008*

95% CI 0.018,0.107

AUC(0,?) R/S ratio 5.6t0.8 5.1t0.9

95% CI x3.0,4.0

AUC(0,?) unbound S 1.2t0.12 1.1t0.61

(mg. mlx1 h) 95% CI x1.4,1.3

R 1.2t0.6 2.7t0.30*

95% CI x2.1,-1.2

CL/F (l hx1) S 361t69 162t18*

95% CI 159,239

R 67t6.9 43t8.7*

95% CI 10.9,37.1

NOR AUC(0,12 h) S 30.8t12.5 68.7t9.8*

(mg .mlx1 min) 95% CI x55.2,-20.1

R 669t121 1893t254*

95% CI 1280,1168

NOR/verapamil S 4.5t1.9 4.4t1.3

AUC(0,12 h) ratio 95% CI x6.7,6.8

R 2.3t0.3 2.2t0.6

95% CI 2.7,2.9

*Signi®cantly different from control; 95% CI, con®dence interval of individual differences between control and rheumatoid arthritis; Data are mean

t s.e.mean except to tmax values which are median (range).
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to approximately 50% in RA when compared with healthy

controls (Table 3, Figure 4). In addition, 1u AV-block, a

side-effect associated with elevated concentrations of

verapamil [17], occurred in two healthy controls but not

in any of the RA patients. Two explanations may be

plausible for our observation; (1) reduced response due to

reduced plasma unbound verapamil concentrations sec-

ondary to elevation of plasma AAG levels in RA, and (2)

reduced sensitivity of calcium channel receptors. The

former explanation can be ruled out since the AUC of the

unbound S-verapamil did not change in the presence of

RA (Table 2]. The unbound AUC of R-verapamil did

decrease. R-verapamil, however, has 10±20 fold less

dromotropic activity than its antipode [48]. It has been

reported that norverapamil, which possesses negligible

dromotropic effect compared with verapamil [49], can

displace verapamil from plasma proteins [50]. However,

displacement of verapamil by norverapamil should lead to

an increase in fu and an increased rather than decreased

effect. Consistent with our observation in RA, Abernethy

et al. [36] observed reduced verapamil dromotropism with

no changes in protein binding in the elderly. Therefore, it

appears that RA results in alterations in normal cardiac

responsiveness to drugs, which are independent of

pharmacokinetic changes. This may indicate a down-

regulation of the L-type Ca2+ channels in the heart

secondary, perhaps, to the elevation of NO in RA. NO is

a powerful activator of guanylyl cyclase [51] and has been

shown to have negative inotropic effects on the heart [52].

In our study, a strong negative correlation was observed

between serum NO2
± and percentagePR interval pro-

longation. Therefore, there exists the possibility of a

signi®cant link between a RA-induced rise in NO and

reduced dromotropic effect of verapamil. However, this

does not preclude a direct effect of the pro-in¯ammatory

cytokines on cardiac function. For example, binding of

IL-2 to cardiac IL-2 receptors causes an increase in Ca2+

ion ¯ux [53]. Such alterations in Ca2+ currents could alter

the normal inotropic and dromotropic responsiveness of

the myocardium to drugs such as verapamil.

Reduced,-adrenergic receptor density in neutrophil of

RA patients has been observed [54]. In addition, down-

regulation of a-adrenergic receptors by pro-in¯ammatory

cytokines and in¯ammatory conditions has also been

observed in asthma [55] as well as in congestive heart

failure [56]. Changes in receptor function due to de-

coupling of b-receptors from guaninine nucleotide

binding protein [G-protein), and altered intracellular
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Table 3 Effect of rheumatoid arthritis (RA) on various cardiac indices.

Parameter Control RA

Maximum percentage PR prolongation1 20.3t2.9 11.8t1.62

95% CI 0.58,14.6

Area under percentage PR prolongation-time curve (% h) 117.0t11.6 60.0t12.02

95% CI 60.5,111

Maximum percentage reduction in heart rate1 22.6t3.6 24.3t7.7

95% CI 114,8.0

Maximum percentage Systolic 10.3t1.9 8.7t2.3

reduction blood pressure1 95% CI x5.3,8.5

Diastolic 8.1t1.2 12.4t1.8

95% CI x11.2,2.6

Maximum percentage reduction MAP1 10.2t1.6 9.6t1.8

95% CI x6.6,7.3

First degree AV node block 2 out of 8 Nil

1Mean (ts.e.mean) maximum percent reduction from baseline; 2Signi®cantly different from control; 95% CI, con®dence interval of individual

differences between control and rheumatoid.
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protein kinase C activity may be involved [57]. The same

mechanism may operate for verapamil since it also alters

the intracellular function of protein kinase C [58].

Our study had two limitations. Firstly it was conducted

after a single dose, and secondly the RA patients were

normotensive. Secondly, the effect of in¯ammatory

conditions on the blood pressure controlling effect of

verapamil in hypertensive patients remains unknown.

However, it is known that in¯ammation may directly

determine therapeutic failure in patients with unstable

angina [12].

In conclusion, RA results in increased concentrations of

verapamil and norverapamil. Regardless of the mechanism

involved in the altered pharmacokinetics of verapamil, the

elevation in drug concentrations was accompanied by a

signi®cant decrease in dromotropic activity. This may be

attributable to a receptor down-regulation caused by

increased expression of pro-in¯ammatory cytokines and/

or NO. Implications of this observation may reach beyond

verapamil and RA since other in¯ammatory conditions

(e.g. arthritis, infection, asthma) and other receptors may

be involved. Recently, the rate of therapy failure [12] and

mortality [59] following myocardial infarction have been

shown to be associated with the elevation of serum C-

reactive protein, an indicator of in¯ammation. With

increasing age, multiple disease states are more likely to

occur. Treatment of cardiovascular diseases in a patient

with rheumatoid arthritis may therefore require closer

attention to prevent therapeutic failure.
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