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'1 hope my achievements in life shall be these - that 1 will have fought for what was 

right and fir, thaî I will have risked for that which mattered, and that 1 will have given 

help to those who were in need t h  I will have lefi the earth a better place for what I've 

done and who I've been." 

C. Hoppe 



Innammation inaeases concentrations of ai-acid glycoproteins and decreases 

hspatic cleanncq both of which can r d  in greater drug concentrations. Preiimhary 

data h m  our laborstory, however, suggests that despite higher concentration, a reduced 

potency of verapamil and propranolol may rewlt as a response to idammatory 

conditions. Both drugs are highly bound to plasma proteins thus reduced response may be 

due to an infiammation-induced reduction in free hction or receptor activity. In addition, 

virtually nothing is known about responsiveness of cardiac potassium charnels in 

inflammation. Thus, we chose sotalol, 8-adrenergidcardiac potassium channel blocker, 

negligibiy protein bound and eliminated via the rend route, to determine whether aitend 

nsponse to dnig is phannacokinetic dependent or effect of inflammation on potassium 

c h e l  dvity. Similar to propranolol and verapemii, lidocaine, cardiac sodium channel 

blocka, undexgoes extensive fht -pas metabolism, is highiy protein bound, however, 

unlike the former two drugs, is m a e b o i i i  mainly by cytochrome P450 (CYP) 2C 

wibfamily in the rat. Therefore, to detemine whether inflammation-induced alterations 

may be universal, lidocaine pharmacokinetics and cardiodynamics were investigated in 

rats with idammatory disease. 

PhamiaMkinetic-pharmacodynamie (electrocardiogram, ECG) shidies were then 

p a f o d  by administering sotalol to heakhy and chronic arthritic (A@okctEterMn 

buw~induced)  ad& male Sprague-Dawley rats. Sotalol ramate, R (8- 

rdreaagiclpotasSNm channe1 blocker) and S (potassium channe1 blocker) sotalol were 

venpamil @asitive control) a d  placebo were administemxi to healthy and acutely 



intlamed C i i - t r e a t e d )  rats- S a i d  blood semples wae collected via the jugular 

vein. Lad I ECG was us& to record the PR RR (hem rate) and QT inteds. Both 

cbronic arthritis and interferorbu.-induced inflammation decreased effect of racemate and 

R-sotal01 on PR and QT intervals. Responsiveness of QT i n t e d s  to S-sotal01 was 

decreased in rat with acute inflammation confinning reduced potassium channel 

sensitivity. No signifiant differences in sotaloi enantiomer phannawkinetics were 

observeci bmeen control and inflamed rats. Thus, aitered ECG responses to sotaiol 

despite unatfered phamadcinetics may be atenbuted to the influence of pro- 

idammatory cytokines on the action of drug on both fbadrenergic and potassium 

charme1 nceptors. Unlike vaspamil disposition and responsiveness to lidocaine was not 

afEected by the cytokine-induced inflammation This indicates a selective effect of 

interfu0~-inf lmmation on CYP isoqmes and cardiovascular recept ors suggesting the 

ioBuence of inflammation is not universai. 
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P ~ ~ e t i c s  descr i i  the t h e  course of a drug in the body resuiting fkom 

the dose hhistaed PbarmdyRamics d e s m i i  the intensity of dmg response in 

rektion to amcentdon @amdorf and Meibohm, 1999). The relationship between 

p h  concentration of dmg and intensity of pharmacological efftct fonns the basis of 

rationaie dnig therapy (Gibaldi et d., 1971). It is generally thought that a direct or 

indire  relationship exists between h g  concentration and response. Thus, 

pharmmkinetics is accepted as a surrogate d e r  of pharmacodynamies hence higha 

dmg concentrations are considered to cause greater effect or toxicity. However, h g  

concentrations have been shom to vary with disease (Schneider et al, 1979; Levy, 1998) 

suggesting that pharmacokinetic obsemtion may not necessarily reflect drug activities. 

Thus, employing pharmacokinetics to predict dmg response may not always be 

appropriate. To have a bata undastanding of the concentration-effi relationship, 

pharmmkinetic-pharmdynmic studies usualiy begin in phase 1 clinical trials (Lesko 

and W~lIiams, 1994). Despite the integration of pharmacokinetics and phannacodynamics 

this earîy in the dnig development process, surprisingly, these studies are usually 

condudecl with either healthy volunteers or patients pho only have the disease of interest 

@dco and Williams, 1994). Therefore, the influences of multiple diseases on drug 

disposition and activities may not be knowa predisposing patients to experiencing 

inappropriate pharmacotherapy. This is es.&cially relevant to the elderly population who 

despite having a greater incidence of multiple dmg therapy are u d l y  excluded fiom 

cliaical dmg trials (Schrnucka and Vesell1999). 

Cardiosculru cbases accomted fOr 42% of all d d s  a ~ ~ a I l y  in 1993 

( A l e  et al, 1998). These diseases d e d  in $126 bïilion dollars in hedth care 



eqedhms in the United States (Alexander et al, 1998). One in every three men aad 

one in every tan women can expect to deveïop some type ofcardiovascular disease before 

mohing age 60 (Alexander et al, 1998). It is estimateci that appndmately 690 million 

people wocictwide aiffér fiom hypertension (Muhw, 1999). Rheumatic diseases are 

e s h a t d  to &ed 11 % ofthe wodd population Welley et a[., 1997). With this in min4 

5 is not surprishg that in North America, over 20 million people an freated for 

concurrent h~pertensivdinnammatory disease &facFrlane et al., 1995). Therefore, 

infiammatory diseases can have a signifiaint impact on cardiovasailar drug therapy, 

bence, patient outcornes. 

Mammatory conditions and inflammation-induced pathophysiologicai changes 

have been shown to inhiiit clearance of various cardiovascular h g s  in both 

acpaimed animais and humans (PiquettaMiller and Jamali, 1995; Schneider et d., 

1981). Inammation causes inaeased concentrations of aiDacid glywproteins (AAG) 

and reduced intnnsic hepetic clearance, (Belpaire et al,, 1989) both ofwhich can resuIt in 

i n d  ~ina uder the curve (AUC). This reduced clearance of drug in laboratory 

animais and patients with infiammation signifies greater effect or toxicity. Preliminary 

d.tr hm our laboratory, however, suggests that despite increased concentrations, a 

reduced patency of calcium charnel (Mayo et al., 1996) and P-adrenergk (Guuguis and 

Jarna& 19%) antagonists may nsult, as a response to inflarnmatory conditions. This may 

be due to mechanisms aich as rduced fiee fiaction and deçreased receptor 

cesp~nSiVê~~ess~ Both p r o p d o l  and verapamil are highly protein bound and since 

idsmm.tian inaeaoes AAG and subsequently inaeases protein binding (Piafsky et cil., 

1978). Therefore, the reûuced responsiveness of &adrenagic receptors and calcium 



c)wuieis in inaammation may be due to deaeased fhe drug interacting with the 8- 

admmgic a d  ardioc calcium channei receptors (Belpaire et al., 1989). However, im 

I&W evidenœ indiclites a d d  pacfrenergic and cardiac calcium channei 

raspOameness in the presenœ of pro-inflmmatocy cytokines (Lui et al., 1999; Lui and 

Scbraa, 1995; Krown et d., 1995). Thus, deration of h g  nsponse in laboratory 

amimals with infiammatory disease (May0 et cil., 1996; Guiiis and Jamali, 1996) may 

pabaps be due to a i t edons  in protein binding or cardiovasailar receptor function. In 

addition, it is not hown whether this decreased response to cardiovasai1a.r dnig is 

universal or Speanc to those thus fu rrported 

The purpose of this thesis is to detemine whether reduced response to dmg 

obsefved in lrboratory animals is due to pharmacokinetic or pharmacodynamie changes 

and wheîher idammation altas  cardiac potassium channel response to dmg. A h ,  

whc4ha the ttdtlced clearance and rrsponsiveness to propranolol and verapamil in 

laboratory animais with inflammatory diseases are obserwd with other highly protein 

bound and aztensiveiy maabolized cardiovasailar drugs. To accomplish these objectives 

pharmacoicinetics and pharrnacodynamics of sotaloi and Iidocaine were determineci in 

healthy anâ inflarned rats. 

Unlîke proprawlol and veraparnii, sotalol a racernic nonseleetive 

adremqiclcardiac potassium channei blocker is negligibiy bound to plasma proteins and 

eliminded mrinly unchariged via the r d  route (Anderson and Prystowsky, 1999). Thus, 

damnation is not e x p k d  to reduce its clearance. Hence, phamacoâyaamic 

assasment cw be &ed out in the absence of complicatiolls of altemi 

pharmacokinetics. In addition, since sotalol is both a kadrenergic and cardiac potassium 



channe1 bIocker, a study ofits actions on cardiac indices dunng inflammation may reveal 

wbetber, simiIar to Bodnnagic d calcium channe1 antagonie potassium channels are 

iItaed by inflammatory conditions. Interestingiy, both R-sotalol and racemate have 

nodcdive -c artci cardigc potassium channel blocking activities but only S- 

sotal01 is a pure potassium channel blocker. Hence, taking advantage of stenochemistry, 

the &éct of idhnrnation on cardiac potassium channels may be confimeci by 

admlnistaing individual enantiomenr. 

Lidocaine, propranolol and vereparnil are candidates for inflammation-induced 

pharmacokinetic changes since these drugs are highly bound to plasma proteins and 

undago extensive prcsystemic hepatic metabolism. However, udike propranolol and 

vaapamil, lidocaine is metabolized mainly by cytochrome P450 (CYP) 2C subfiunily in 

the rat and blocks fbt sodium channels in Purkinjie fibers and venaicular muscle (Smith, 

1991; McEvoy, 1999). Thus, Hect of inflammation on phannacokinetics and 

clirdiodynamics of lidocaine was investigated to determine whether acute inflammation 

influences h g s  metabolized in the rat by CYP2C subfamily and whether cardiac sodium 

c h e l  nsponsiveness is deaeased in acute inflammatory conditions. Rat models of 

M u n d o n  used wexe Mjcobcrclerium buwcum induced chronic arthritis and acute 

inammation caused by inoatlation with interfieron m. Before discusmgng the 

rationale and objectives of this thesis, previous research wilf be disaissed. 



1.1.1 1-011 

hfhmation is 8 physiological response fo various stimuli such as infection or 

trsumr (Kuby, 1997). Inflammation may be acute or chronic depending on the natwe of 

this stimulus. The Manmatory response is characterized by i n d  capillary blood 

flow and permeability dlowing various cells and fluid to leave the capillaries and enter 

the affeaed region ~ I t i n g  in swelling, redness, heat and pain (Davies et al., 1999). The 

hcreased capillary blood flow and penneability enables cellular and humoral components 

ofthe Unmune system to enter the affecteci area. assist in removal of bactena, and repaû 

cormedve tissues (Kelley et ai., 1997). 

Cytokines are hormone-like proteins that are involveci in regulating immune and 

inftammatory responses. Secretion of cytokines by T-lymphocytes plays an important 

rote m the p a t h o g d s  of inflammation. A dismption of the C D ~ +  T-lymphocyte 

belance [i-e., T hetper m) I and T helper (Th) 2 cells] occurs in inflammatory disease. 

Thl ceils produce interferon Oy, interleukin @.)-2, tumor necrosis fiictor or 

Iympbofo1un, Uduce cell-mediated imunity and suppress the differentiation of Th2 cells 

(Mod artd Oriss, 1998; Miossec et al., 1996). Increased secretion of FNy by Thl ceils 

stimulates neufr~phrils to rdease pro-infiammatory cytokines [e.g., TNFa and L l p ]  

whicb have sigeinaia rdes in tnggering and manitaining the inflamrnatory response 

(CasaMa, 1995). InSdngiy, neutrophiIs are unable to produce two of the most potent 

anti-id'hmntnry cytokines, I G l O  and IL-13, which may acownt for the persistent 

mflgmnintncy nsponse obsaved with illcfeaSed neutfophil expression (Reglier et d., 

6 



1998). Tb2 cells produce ILA, &S. IL-6, Llû, L I 3  induce humoral and parasitic 

imm- a d  aipprass the diffintiation of Th1 cells (Mord and Onss, 11998). 

Various diclcases bave bem attniiuted to a T helper ceil imbdance. For example, 

rbeumatoid uthrity multiple sclaosiq thyroiditis and idin-dependent diabetes 

meIlhm are asocbted with UvrePPed Th1 ce11 activity. I n t d n g l y ,  allergy, asthma, 

scleroderma, and systaaic lupus erythematosus are assOaaîed with increased Th2 ce11 

activity (Miossec et al., 1996; Munoz-Femandez end Fresno, 1998; Kuby, 1997) thus 

both Th1 and Th2 celis can be involved in disease, Induction of Th1 cells results in 

reIease of pro-infiammatory cytokines that, in tum, induce cytotoxic and inflarnmatory 

reZLdions. Disntption of the T-lymphocyte balance resuIting in increased activity of Th1 

ceils is caused by eitba direct stimulation, an antigen, or via L12 secreted by 

macrophages nsuûing in the release of infiammatory mediators. The Th1 tells then by 

cücec& contact or via d o n  of IL-2, TNFB, and IFNy stimulate monocytes to -te 

L l l  and W. Interleukind then stimulates hepatocytes to increase produaion ofacute- 

phase proteins such as C-feslctive proteins (CRP), semm amyloid & fibrinogen, AAG 

and decresse synthesis of other proteins such as albumin. The activateci monocytes 

stimulated by Th1 ceiIs may aIso semete L I 2  That in hm, stimulates naatral killer 

lympb~cyfes to secrete UWy which activates macrophages and inhibits Th2 cell 

p m ü l i o n  (Mord and Chk, 1998; Kelley et al., 1997). In addiion, monocytes 

rctivltcd by Thl cells seaete several types of growth fàctors, L I ,  TNFa, chemokiws 

md mrtrix met.lloproteases that may conîriie to the idammatory response and tissue 

dsmiige, In mntrastto Th1 ceb, U, L l O ,  and L I 3  ~ecteted by Th2 cells stimulates 

monocytes to produce LI neeptor antagonist @-Ira), IL-l soluble receptot (Llsr), 

7 



TNF sohibie receptors d tissue inhibitor of matrix metaIloproteases (Kelley et d, 

1997, Fhsbk ,  1999). Thus, Th2 cells in some instances may hction as a& 

inttammatory cells. Mediators seaeted by monocytes may act on synoviocytes and 

choadmcytes to pmduce subs&nces such as proteases, arachidonic acid maabolites, 

cdlagen, pmteoslycans and on endothehl cells to initiate cell adhesion of leukocytes 

and induce angiogenesis (Kelley et al., 1997). 

Maarmatory diseases and pro-inflarnmatory cytokines can influence P- 

glycoprotehs (P-gp) which are membranabound ATP-dependent transporters that 

niaction as efflwr pumps prev~t ing substances fiom entering cells (Ambudkar et al., 

1999). A d d  hepatic expression and activity of P-gp is reported to ocair in livers 

fbm rats with l i p a p o 1 y d d e  (LPS) and turpentine-induced inflammation (Piquenb 

Miller et al., 1998). The reduced P-gp expression and activity was attributed to over 

expression ofpfo-inflammatory cytokines in the idamed rat. In contrasf rat hepatocytes 

waa nilnind in the presence and absence of TNFa (Hirsch-Ernst et al., 1998). Exposure 

of hepatocytes to the cytokine resulted in pater P-gp isofonn mdr (multidnig resistance) 

lb expression. It wu conchided that stimuli causing elevated TNFa concentrations 

enhances the capacity of the liver for transport of exogenous and endogenous mdrl 

substrates. Thus, &ect of idammatory disease and inflammation mediaton may vary 

with the type of study conducted and as show with colon carcinoma the ce11 line 

imresbg&ated. Pro-idammatory cytokines TNFa, IL2 and IFNy are reportecf to reverse 

d d m g  tesisfance in human colon carchorna cells (Stein et d, 1996). The authors 

thut modutaton of mdtidrug mistance by TNFa, pahapq might inmase 

effediveness o f h g  matment fOr colon carcinoma by preventing efflwc of dntg h m  the 
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cancer cd. P-gp bas dso ban o b d  to participate in the transport of cytokines in 

pu-ïphail T-lymphocytes (Drach et al., 19%). An inaeased expression and actRrity of P- 

gp oli T-lymphocytes in eldaly compared to younga individuais is a l ~  npoited 

(Aggirwal et al., 1997). 1t was concluded th& the greater expressicn and fhction of 

these tramporters may play a role in increased cytokine concentrations observed in aging 

since P-gp SecTete pro-idammatory cytokines nom T-lymphocytes. Interestingly, 

incre8sed expression of P-gp on T-lymphocytes has also been reported to correlate with 

dmg resistance in rheumatoid &tic patients (Yudoh et al., 1999). Thaefore, 

inflammatory conditions and pro-inflammatory cytokines may have a significant 

inauence on P-gp expression and finction that may affect dnig disposition and activity. 

Pro-inflammatory cytokines such as m y ,  and Lia indua formation of 

M c  oxide, a n# radical that is involveci in the cardiopulmonary, nervous and immune 

systems (Cochnn et al., 1996). M c  oxide is toxic to bacteria, therefore, is an important 

f h o r  in ho& defense (Kuby, 1997). However, inaeased inflammatory cytokine 

expression and nitnc oxide concentrations in the pro-infîammatory events during septic 

shock can nsult in multiple organ system faiiure (van der Pol1 and van Deventer, 1999; 

Montegut et al, 1995). In addition, depression of myocardial finction by L I S  plus 

TNFa is nponed to be mediated by excess nitnc oxide production (Schultz et al., 1995). 

Niïc oxide and its breakdown products i-a, peroxynitnte oxidize heme groups on CYP 

isozymes pmenting metabolism of various dmgs (Morgan, 1997; Muller et al., 1996). 

Both hfhmatory cytokines and nitnc oxide may contribute to induction and 

polgcspion of wiais disordefs. For example, greater concentrations ofdr ic  oxide have 

ban ünked to hcrd TNFa concentrations in congestive heart fàilure patients 



(comini et d., 1999). Induction of nitric oxide by inflammrtory cytokines may also play 

a rde in cbroaic infiammatory bowel disorders ( P m  and Rask-Màdsen, 1999). 

Sectetion of pro-idammatory cytokines leading to increased production of nitnc oxide 

coatn'butes to neuronal tissue degeneration in neurological diseases such as multiple 

solaosis and Alzheimer's diseasc @kales et d, 1999; Tomilles et d, 1999). T h d r e ,  

it is not surprising that inhibition of nitnc oxide synthase is currently being investigated 

as a ptpotsatial thsrapartic target (Hobbs et al., 1999). Despite the detrimental effccts of 

nitric oxide in septic shock and id'lammatory disorders various nitric oxide donating 

h g s  [e.g, nitrogiyçeri9ne and sodium nitroprusside] are used clinically (Ignarro et ai., 

1999, Murad, 1998). N i c  oxide donors are usefiil for diseases such as myocardiai 

ischemia ancl treatment of aaite hypertension rehctory to standard dmg therapy. The 

physiological actions of nitnc oxide such as dilating artenal blood vessels, inhibiting 

plaielet adherence and aggregation may be of benedit in these and perhaps other 

conditions (Lefkr and Lefér. 1994). Therefore, nitnc oxide has a role in both pathogenesis 

aad m e n t  of disease and depending on the type of disease agents with either nitric 

oxtide donating or inhibiting properties may be indicated. 

Recent studies provide evidence that pro-inflammatory cytokines and 

idammation markas: CRP, fibrînogen and erythrocyte sedimentation rate @SR) are 

urpoapted with cerdiov~tscuIer disorders in humans (Verhwen et al., 1999; Lagrand et 

(J, 1999). lnaeased concentrations of CRP are reporfed to be an independent risk f-or 

fOr demiopment of cardiovasdar diseases (Lagrand et d7 1999). uiterrstingly, 

i n d  CRP concentrations has k e n  shown to be refated to a b i l y  history of 

myoardiai h h c t h n  (Margaglione et al, 2000). It has been suggested that rneasuring 



CRP carmntdons in uidividds at ri& for developing cardiovasailar disordas may be 

d predïdor ofimpediig disease (RoMe et d. 1999). Increased expression ofpro- 

inflammatnry cytokines have been obsented in various cardiovescular diseases such as 

congestive heart tillhtrq unstable angina and post-myocardid inf&rction (Liuzzo et al., 

1999; S a  et al, 1996; M n  et al., 1999, Guillen et al., 1995). Interestingly, TNFa has 

a key role in control of body masq and increased production causes cacheXia, a washing 

syndrome characttrized by loss of muscle, fat and botte tissue which is observed in end- 

stage congestive heart Slure ( M e r  et al, 1999). Elevated concentrations of CRP and 

RJFa have aiso been observeci in overweight and obese adults (Visser et ai., 1999; 

Dandona et d, 1998). In contras to cachexia, abnormalities in TNFa activity rather than 

pmduction are mggested to be fesponsible for the lack of control of body weight (Argiles 

et al., 1997). S d o n  of pr+iflamrnatory cytokines from adipose tissue has been 

reporteci to cause a low grade infiammatory state in obese individuals reflected by 

iaaeued concentrations of CRP, IG6 and TNFa (Yudkin et al., 1999). Overexpression 

of these inflammatory mediators in obese individuals was associateci with insulin 

resistance and dotheliai dysfiinction 

Incnased concentrations of pro-inflammatory cytokines are also associated with 

~ d i o V B S Ç U I . r  diseases- Hwe are few exampies. Patients with various rheumatic 

diseiises have ban shown to have elevated concentrations of pro-inflarnmatoxy mediators 

(KdIey et al., 1997). Interestiagly, development of arthritis as a complication ofIFNch 

ûwhmmt in indnridds with various conditions has been reporteci (Nesher and 

Ruchiemer, 1998). IaaeaPed concentrations of W a  and L I S  are obsaved in patients 

suf fhg  fmm Cmhn's disesse and u l a d v e  colitis (Nikolaus et al., 1998). Greater 



COI1Ctnftllfions of TNFa and IL4  are obsewed in schizophrenic patients compared to 

heilthy iadividuals (Monteleone et al., 1997; Naudin et ai., 19%). hcreased 

coM#llftation of E-6, soluble IL-6 receptor (sMr), soluble L 2  rezeptor (sIL-2rX IL-1 

n, and transferrin rrceptor are reportai for individuals with major depression (Maes et 

al., 19954 199%). In addiion, IFN* administered to individuais with chronic hepatitis 

C caused d e p h o n  in these patients (Malaguarnera et al., 1998). Malaparnera et al 

fecommended a carew selection of hepatitis C patients before initiating IFN- therapy. 

M o r e ,  cytokines and markers of inflammation may be associateci with various types 

of diseases. 

Greater concentrations of  pro-inflmmatory cytokines and markers of 

inflammation occur not ody in disease but are also nported for elderly individuals. 

Signifiudy, greata concentrations of TNFa and ILd were observeci comparing healthy 

elderly individuais to those Iess than 65 years of age (Bruunsgaard et d, 1999). An 

mmchtion between inaeased IL6 concentrations and depression in older individuals has 

bem nported (Dentho et al., 1999). uiterestingiy, higher plasma Ievels of IL6 may be 

used to pndict dissbility onset in older people (Femcci et ai., 1999). A recent study 

qorted that high wncaitrations of CRP and TL4 in heaithy elderly individuais is 

uraocllud with mortdity (Hanis et al., 1999). Thereforq i n d  cytokine 

concaitratioas may ocair not only with those having idammatory conditions such as 

d d t i s ,  Crohn's disease, psychiatnc, and cardiovascular disorders but also in the elderiy. 

To treat patients wÎth conditions characterized by elevated concentrations or pro- 

mflamnratnry cytokines, anti-cytokme h p y  using specific antagonists of high affin&.. 

and Specaràty such as monoclonal antibodies, soIuble cytokine inhibitors and aati- 



inflanmatory cytokines bave beai administered in c l inid trials (Feldmann et a%, 1999). 

A féw examples and tesults o f  uiti-cytokine therapy and adminidon of anti- 

irtflrmmrtay cytokines Mil k discussed. TNFa regdates expression of p m  

infiammatory mediatas L I ,  IG6 and IL4 in rheumatoid artliritis (Feldmann et al., 

1996). Thacfom, inhibiting TNFa would pwent an i n d  expression of pro- 

idammatory cytokines in a*tic patients. Rheumatoid arthntic patients treated with 

dl)TNFa mowclonai antiibodies are reported to have a reduced disease activity 

(FeIdmmn et al., 1999). Similar to arthntis, ovaexpression of pro-intlammatory 

cytokines has an important role in the pathogmesis of heart failure (Seta et al., 1996). 

Iatsrssiingly, administration of a specific TNFa antagonist to congestive heart failure 

patients resuited in signifimt improvements in fùnctional status (Deswal et ai., 1999; 

Tam+Amione et d., 1999). 

Patients with modemte to severe Crohn's disease and Crohn's ileocolitis anti- 

TNFa was dm beneficiai (van Hogezand and Verspaget, 1998; Baert et al., 1999). 

Seactoon of TNFa and L l B  in Crohn's and ulcerative colitis patients by 

polymorphanuclear neutrophil granulocytes were reduced by IL40 administration which 

was hught to be due to a downregulation of macrophage and TM cell activity (Nikolaus 

et d., 1998). In addition, administration of L I 0  to stemid refiactory Crohn's patients 

redted in e h r  a fàvonble cesponse or complete remission (van Dewnter et aï., 1997). 

Memhgîy, monoclonal antr i ies  that antagonke IL2 receptor a-subunit 

* & iadividuais recehhng baseiine immunosuppression therapy sigaificantiy 

mduœd amte rejtdion der rend transplantation (NaShan et d, 1999, Berard et cil., 

1999). aOwever, despite the success in clinid tRds in tnasllig arttaitis, congestive h e m  
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fail- CmWs disase and pmenting organ rejection cytokine neutralization Le., anti- 

TNPa tmtmmt n3ed to be of bene& in multiple selerosis *ents (Laiefcept Multiple 

S c W s  S W y  Group, 1999). In addition, a beneficial effect of IFN-fl administration to 

patients with d p l e  sclerosis nmains to be detamineci @ce and Ebers, 1998; Tseüs 

and Lis& 1999). Similar to muItipIe sclerosis clinical trials of septic patients treated with 

anti-TNFa, soluble TNFa raceptors, and L l n i  have not demonstrated any beneficial 

e f k t  (van der Poll and van Deventer, 1999). The Ïneffectiveness of these agents were 

mggesteci to be due to timing since patients admitteci to the hospital were not in the 

systemic idunmatory cesponse syndrome (SIRS) phase, which would respond to these 

agents. ùisteod, paîients treated with these agents were in the phase refmed to as 

compensatory anti-inflammatory response syndrome (CARS), which is chatacterized by 

anti-inflnmmatory cytokine release and subsequent refiactory state (van der Poll and van 

DeMnta, 1999; Gromeveld et d, 1997). Therefore, pro-inflammatory cytokines play a 

d e  in disease occurrence and therapy. P-gp modulation, anti-cytokine agents and anti- 

inflamrnatory cytokines in the fimire may have a significant impact on pharmacotherapy 

of various diseases. 

Inûarnmatory mediators and markers of inflammation have been associateci with 

a(tcfid fespollse to various drugs; h a e  are same examples. Patients with unstable angina 

tb.t wem refhctory to standard h g  therapy wae shown to have sieniftcantly higha 

coI1CCaftBtioll~ of CRP, nbrhogen, ad a greater ESR cornparrd to patients thet were 

s t a b ' i  (Vezkggen et al., 1999). hcreased concenaations of Llra and IG6 in 

patients wah unstable mgha receiving standmi drug thaapy for the first two days of 

hoqatalization weze asw&& with increased nsk of in-hospitai u>ronacy events 
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(Bùsucci et d, 1999). High CRP concentrations in myocardial infadon patients treated 

with thrombolytic drugs wkp show to predict moctaiity up to 6 months after the 

infiirdion àidepsndent of dnig treatment ( P i a  et a%, 1996). Treetment mistant 

schizopbrenia was associated with i n d  IG6 concentrations @,in et al., 1998). 

Intarestingiy, effediveness of cloupine in treating patients that are resistant to other anti- 

psychotic agents is suggested to be due to the complex immunornodulatory effects of the 

h g  (Maes et al, 1997a). In addition, increased semm IG6 and L l r a  concentrations 

were asoehted with major depnssion and treatment resistant depression (Maes et d, 

199%). Thedore, inflammation and inflamrnatory mediators have not ody an important 

role in host ddense but also can induœ disease, infiuence drug concentration and 

activity. It t u l â  be of value to daermine whether administration of cytokine antagonists 

such u mti-TNFa would reverse the altered responsiveness to drugs observed in patients 

with idammatory disease. 

1.1.2 h g  dtpsttion 

Interest in infiammation-induced alterations in dmg concentrations begm when 

greater concentrations of propmolol were discoverad serendipitously when invm-gating 

absorption of pfopranolol in patients with celiac disease (Schneider et al., 1976). Patients 

with Crobn's disease and theumstoid arthntis were initially studied then later patients 

wah othr inflamrnatory disesses such as ulcerative colitiq staphylococcal pneumonia, 

rnd Systemic lupus ay thro~osus  were included (Schneider et ol, 1981). Interestjngly, 

grsita pLsmi comeatntions of oxprenoloi were daected in patients with virai iliness 

(Keridall et d, 1979). The mechanisms responsibie for increased propranolol and 

1s 



oxprenuIol concentrations were undm howmr. the oniy variable that seemed to be 

asaoàlted was an increased ESR a noaspecitic marker of inflammation Possible 

qlarrrtMns fbr these i n d  dmg concentrations may involve alterations in dnig 

absorption, dïstriiution ead metaboüsm. 

1.1.2.1 Absorption 

It has been suggested that alterations in drug absorption may account for the 

eievated wncentrstions of dmg measwed in inflammatory disease (Cooper and Lucas, 

1976). Ahhough tharc an reports indicating that d i s e  may alter intestinal integrity and 

influence absorption of drugs (Gibaldi 1991). changes in drug absorption have not been 

pmven to ôe the ause of i n d  drug concentrations in patients with idammatory 

di-. Kirch et al in 1983 nported a reduced absorption of atenolol in patients with 

acute respiratoxy traa infection and an ESU20 mmllh. However. no signifiant 

cliffiamces in total urinary recovery of atenolol were observai between healthy and 

inflamed groups. Thdore, this observation requires confirmation AIthough differences 

in gastric emptying may influence peak drug concentration no reiationship was found 

between maximum concentdon of p r o p d o l  and administration of metoclopramide 

tad propanthefine which stimulate and depress pstric emptying respectively (Cadeden 

et al, 1978). In addiion, propmlol  is a weak base with a pKa of9.45 and accordhg to 

the b r y  of diaision propmnoIo1 &OUM be less ionïzed and bata absorbeci in an 

alkaline emrironma (Gi'baidi, 1991). Thus, perhaps an inacese in intestinal pH ocairs 

with Uifl8mmritocy diseasc that may cause a gnaar h g  concentfafiwo~ Ho-, the 



inaease in pH of the luminal surnice of the upper jejunum where the majority of 

propMdol is abiiorbed was found to be ody margindly inaeased Eom pH of 5.9 to 6.4 

in patients with Crobn's disegse. PmpranoIol concentrations were dso greater in Crohn's 

disease tban celiac dis- in which a higher intestinal pH of 7.0 was measured (Lucas et 

al., 1976; Scbneida et al., 1979). Tncreased absorption of drug in individuals with 

infiammation is aiso not likely an explanation since propranolol and oxpruiolol are 

almost completely absorbed nom the intestine (propranolol > go?! and oxprenolol 70- 

95%) in hdthy individuals (Fnshman, 1979). In addition, absorption of propranolol 

fiom the upper jejunum in rats with adjuvant artMis was reporteci not to be infiuenced 

by concomitant inflammatory disease (Key et ai., 1986). Thmefore, absorption of dnig in 

laboratory animals and patients with inf'îemmatory disease does not appear to be altemi 

co~l~equently does not cause the increased drug concentrations. 

1.1.2.2 Distribution 

In arthntis and inflamrnatory disease increased expression of pro-idammatory 

cytokines &e.. ma, I L I  and I L 4  are observed (Bondeson, 1997; Feldmann et al., 

1996). These idammatoy mediaton Le., iL-6 may then act on the liver to innease 

production of raite phase nactaat protQns nich as AAG that binds to basic h g s  (De 

Lave and PhfUq, 1981). Piaf* et al in 1978 found grrater concentdons of AAG in 

epticnîs with Crobn's disease and mflammatoq acthntis. In addition, a sttong negathe 

codation between pmentage of unbound ppranoI01 and concentration of AAG 

aQstcd thus greater AAG c o n ~ * o n s  resulted in reduced ike hctioa of propolol 



(Pilfdry et al., 1978). A reduced albumin concentration and weak but positive correlation 

bctwesn albumin concentration and fixe M o n  of propranoIo1 wes also obsemd 

Despita tsduosd albumin wnceatrations propranoloi binding was greater in idi8mmatïon 

since propranolo~ is a basic h g  mainly bound to AAG (Belpaire et ai., 1982). 

It hss been suggested that incrertsed protein binding rather than changes in 

rnetabolism or hepatic blood flow may be rasponsible for the altered dmg concentration 

obsaved in labotatory Mimals and humans with infiammatory diseases (Walker et ai., 

1986). Intravenous adMnistration of L I S  to rats dosed orally with propranolol resulted 

in M enantioseledive in- in plasma h g  concentration (Venneulen et al., 1993). In 

the cytokine treated rats the AUC of R-propranolol was sigüficantly higher than S- 

pmpranolol. The mechanism responsible for the enantioselect ive increase was suggested 

to be protein binding since plasma protein binding was significantly greater for the R- 

emantioma. h addition, the &éct of endotoxin-induced inflammation on 

etiantioselectivc p h c o k i n e t i c s  of ventpanail propranolol and oxprenolol in the rat 

wem studied (Laeuiem et al., 1994). It was concluded that pref~ential inmase of R- 

oxpmoloi, R-pmpranolol and S-verapamil in the endotoxin treated rat was due mainly to 

an enantioselective increase in binding of the emtiomers to AAG. 

However,, changes in protein binding could not account for the increase in plasma 

Ievels of propnrdoi, metopml04 and arttipyrine in rats with turpentine6nduceâ 

inflammation @elpaire et al., 1989). In the nirperitine mateci rat, &e naction of 

propranoiol der both inmvenous and oral administration was reduced. In addition, &er 

mtravw~us dosing of pmpf~~) lo l  a reduced volume of distrinition, pertiaps, due to 

inaeased bmdiag to M G  and a d e c r d  systemic clearance was reporte& Since 



proptanokA is highiy extracteci by the liva sccording to the well-stimd mode1 systemic 

cl- W depadent on hepatic blood flow (Wilkinson and Shand, 1975). Thenfore, 

the nduced sysremic clearance afta intravenous administration of pmpranolol suggests a 

reduced hpdc biood flow in the arrhritic nit. I n t d n g l y ,  &er intrpvenous 

. . idnnnistretion of metoprolol, a highiy extracteci negligiibly protein bowd dnig, no 

Werences were obsened in systemic clearance between healthy and arthntic rats. 

However, o&r oral administration of metoprolol a deaeased clearance resulting in a 

gneter AUC in the turpentine treated rat was detected. Protein binding of metoprolol is 

negligible and wiis not altered therefon the gr- AUC after oral administration in the 

idamcd rat may be explained by a reduction in intrinsic cl-ce. Since with highly 

exkac&d drue  a decrease in intrinsic clearance b obsennd by a decrease in presystemic 

ntha than systemic clearance (Gibaldi and Pemer, 1982). Turpentineinduced anhntis 

did wt alar systemic clearance of metoprolol, this indicates that hepatic blood flow is 

not si@cantly altered by the inflammatior This suggests the greater propran01ol AUC 

a&r intravenous administration to the arthritic rat is likely due to increased protein 

binding. Inmestingly, antipyrine was given intmvenous to healthy and turpentine 

inoculated rats. The halelife of antipyrine increased with no changes in volume of 

distriion and a reduced systemic clearance was also obsaved. Since antipyrine is a 

Iow d o n  h g  thus dependent on protein binding and intrinsic hepatic clearance 

(WîuS1180n and Shand, 1975). The reduaion in systemic clearance is due to a reduced 

inhinac clearance since antipyrine binds negligibîy to plasma proteins. Therefon, the 

egtct of burpantinahduced arthntis on propranolol, metopml01 and 8nfipyrïne 



pharmacoialbefics suggests innamrnation induced alterations in dmg disposition are due 

to a combination ofaltered protein binding and reduced metabotism. 

R o p ~ l o l  a d  other highiy extracteci drue have been shown to undergo 

nontestrictive pmtQn binding. Thnia, elhination is not limited by binding to plasma 

pmtems (Shand et al., 1976; Gariepy et al., 1992). Thdore, increased binding to AAG 

shodd not protect dnig passing through the liver. In fiict, the increased bindhg to AAG 

may even focihte uptake of pmpmolol by the liver. However, iintrinsic cl-ce rnay 

be d& to such an extent thaî pmpranolol is no longer wnsidered a highly extracteci 

drug et a%, 1989). in addition, this property of protein binding may not &st or 

k W i  in idammetory diseases therefore requkes W e r  investigation (Schneider 

et al, 1981). 

1.1.2.3 Metabolism 

Mamatory disease and pro-inflammatory cytokines have been shown to alter 

dmg metabolism. A marked reduction in N-demethylase, NADPH2-oxidase and CYP 

activity has been observeci in labontory animds that have inflammation (Morton and 

Chatfieid 1970; Cawthome et al, 1976; Whitehouse, 1973). In addition to phase 1 dnig 

metaboIiSm f i d o n  of $-glucuronide and sulfate conjugates have been obsaved to be 

d u d  by infhmatory diseases. For example, Morton and Chatfieid 1970 reported 

diminished e x d o n  of d m p h e n  conjugates in rats with adjuvant arthntis. 

A significant in- in plasma a>ncentrations ofacebutolol a cs~~diose1ectRre & 

adrenergic blockm that bas iimited protein binding (7-12%), was observed in adjuvant 



Pthntic rats (Piquette-Miller and Jmaii, 1992). Acebutolol is an intamediate d o n  

Que with an d o n  ratio of 0.65 thus hepatic d o n  is dependent on p d n  

binding, intrinsic cl- and hepatic blood flow. Since protein binding of acebutolol 

is negiigiile rnd was not dtered by inflammation and hepatk blood flow is reportedly 

unchnged in adjuvant arthntis (Walker et al., 1986). This sugg*its the greater 

conœntmtions of acebutolol enmtiomers in the arthritic rat resutted fiom reduced 

intrinsic hepatic clearance of dnig. 

In tdng iy ,  dtered drug metaôolism in infiammatory disease has been amibuted 

to pro-intlammatory cytokines inducing formation of nmic oxide (Morgan, 1997). Nitrc 

o d e  and bnalrdown products such as peroxynitrite are considered to bind to the heme 

group and irrevefstily modify CYP activity (Morgan, 1997; Muller et al., 19%). 

Tkrefbre, incressed expression of pro-idammatory cytokines and subsequent formation 

of nitric oxide plays a role in the altered metabolism of dmg observed in laboratory 

animais and humans with infiammation. 

1.1 .U R e d  elimination 

Although abnomialities of rend fiindion may be obscrved due to disease andlot 

tharpy in patients with inf'hmation (Kelley et a[., 1997), thae are féw reports in the 

literahae thllt hd&ates the & i  of inflammation on r e d  c l m c e  of h g s .  One 

study feported thrt inflmm8fory bowel dis- had no &kt on plasma concentrations of 

tsirrlly ex- BtdreDagic blocker pradolol (Parsons et ol, 1976). However, mon 

srudies on the e f f t  of inammation on dmgs cleand via the d mute are nquned 



1.1.3 DWase seinenseinen@ a d  nuinrrgement 

A combination of attend bindiag to plasma pmteins, hepatic intriasic cIe8f~ne 

and pamiily, P-gp expression rnay be nsponsible for the increased concentration of dnig 

obsaved in iaboratory animals and patients with inflammatory disease. However, 

différences in disease activity exkt between dinaent species. For example, metoprolol 

concentrations were increased four Cold in turpentine-induced arthritic rats (Belpaire et 

ai., 1989), howawr, infîarnmatory disease fGIed to alter metoprolol disposition in 

humans (Schneider et al., 1981). In addition, in experimentd models of inflammation 

such as adjuvant arhitiq extensive joint involvement occurs while patients with anhntis 

may have rninimd joint invoivement (Myles G ~ M  et al., 1977). Schneider et al in 1979 

grwped patients with Crohn's disease and rheurnatoid arthritis into two groups 

depmding on the ESR Patients with an ESR>ZO mm/th had higher propranolol 

concentrations than those with an ESRC20 mm/lh (Schneider et al., 1979). However, 

these d e s  were not quantitative, thus effect. of infiammation severity on degm of 

h d  dmg concaitrotion d d  not be determined. Influence of severity of 

inflammatory dis- on h g  levels was confïcmed by PiquettecMîller and Jamali who 

reported th& a pmgressive1y nsing AUC of propranolol enantiomers in the arthntic rat 

was codatecl with increasing dise= activity (Piquette-Miller and JamaIi, 1995). 

Nons&eroidal ariti-idammatory dnigs (NSAIDs) Le., ketopmfen treatment reduced the 

seventy of inflammation and nodized  pIasma concentrations of propranolol 

stcreoisomers in rats with adjuvant arthniis (Piquette-Miller and J d i ,  1995). 

Iiitaestingly, despite iioCIIIaIization of propranotol pharmacokinetDcs by ketoprofen 

trwlment pIongation of the cardiac PR interval was st2l less in the rat with adjuvant 



uthitb Comprnd to controls (ûuirpuis and J d i ,  19%), indicating reduced 

rdraiagic respoosiveness. nierefore, severity of inflammation influences dmg 

disposition rad response to h g  may still be reduced despite normalization of plasma 

concentrations by NSAlD treatment, 

Antihypataisive h g s  and NSAIDs are extensivdy used to treat cardiovssaiar 

and various types of inflamrnatory disordm respectively (Johnson, 1997; Fieno-Cankm 

and Ram, 1997). With this in mind, many individuals are concurrently taking NSAIDs 

and antihypertensive dnigs. Administration of NSAIDs have a significant effect on blood 

pressure control in nonnotensive and hypertensive individuals (Ruoff; 1998). This is 

esp5dly relevant to olda individuais since NSAID and antihypertensive medication use 

incmses with age to gnster than 50 % in eldaly individuals (Johnson, 1998). NSAIDs 

may inhibit two isofocms ofcyclooxygtnase (COX) enzymes to d u c e  inflammation that 

are C m 1  and COX-2 which have diffaing activities (Do~elly and Hawkey. 1997). 

COX-1 is involved in the normal fùnctioning of the gastrointestinal vact therefore is 

constitutive and involved in normal physiologieal fùnctions. However, COX-2 is induced 

by d o u s  infiammatory mediators and is involved in the acute inflammatory response. 

htedkmnce of blood pressure contrd by NSAIDs is wnsidered to be due to nonspecific 

inhibition of COX enzymes preventing formation of endoperorride prostaglaadins P a  

and PGH2 h m  urachidonic acid. These endoperoxides are metabolized to a vari* of 

eicosamids inchiding prostacyclin ('NI2) and pmstagiandin E2 ( P a 2 )  and thromboxane 

& (Ruoff, 1998). BIocking the formation of PGE2 and PG12 with NSAIDs has a 

signifiant impact Mood pressure wntroi sinœ these two prosCapiandins are important 

vmodifafofs in the lcidney @unn and Ho04 1977). In addition, PGE2 inhibits the renai 



rbso@n of silt aad reabsorption of water thus nducing sait and water menfion 

( w a s h  1999)- 

NSAIDs may alta tesponsiveness to carâiov8scuIar drug thaapy via inducing 

gastrointestind d d o n  and idammation (Guirguis and Jamali, 1999). Treatment with 

flurbipfen resuited in significant changes in electrocardiographic PR intend, hence, 

aitered &adrenagic activity. Howewr, C O - m e n t  with metronidazole. an 

antirnierobial a d  fkee radical scavenger, prevented PR interval changes observeci when 

administerhg flurbiprofen. In support of this observation, nitric oxide donor compounds 

& ikee radical savengen used concomitantly with NSAIDs are reportecl to protect the 

gastrointestind tnct h m  ulceration (Davies and Jamali, 1997). Interestingly, Ntric oxide 

donating AS4 while inhibiting both COX-1 and 2 did not alter the healing response of 

grstric ulcas while NS-398 which is a selective COX-2 inhibitor impaireci healing of 

&ppbiC UIcers (VLawa et d, 1998). Therefore, responsiveness to antihypertensive drugs 

NSAIDs ue CO-administered rnay not be problematic if inflammation caused by the 

NSAID-induad ulceration is pmented Perhaps, use of NSAIDs that hm Mtnc oxide 

donor groups and scavenges âee dicals or selective COX-2 inhibitors, if ulceration is 

mt present, will keep the GI tract heaithy and allow for adequate blood pressure controt. 

1.1.4 hgoctzyity 

Despite coacem ova geaiter concentrations of propranoloi and otha 

d o d a r  drugs in labo- animals and humans with infiammatory disease there 

are k w  reports in the bmtwe reporthg dinical outcornes (Schneider and Bishop, 1982). 



nUs is Jarming since these increased dnig concentrations suggest enhanced effect or 

p o o ~ i y  toxicitycay To examine th & I  of inflammation on h g  adivity a> via0 and ri, 

viw,studieswiUbediscussed, 

1.1.4.1 In vitro 

Pro-inflmmaîory mediators have been shown h W o  to reâuce activity of 8- 

adrenergic receptors (Lui et al., 1999; Gulick et al., 1989). Lui et al measund 

responsiveness of &adrenergic receptors to isoproterenol in the presence and absence of 

LlB in ad& rat ventricuiar myocytes. Decreased p-adrenergic response to isoproterenol 

was observeci in myocytes incubated with IGla compareci to controls. The altered 

response in the presence of the pro-inftammatory cytokine was not affected by 

administration of eitha CAMP or CAMP donors thus it was concluded that reduced B- 

admergic rrsponse was due to a CAMP-independent mechanisms. However, Gulick et al 

cdtwed rat cardiac myocytes in the presence of aaivated immune ceIl cultures in which 

the p m a v x  of IGlp  and TNFa was confimed. Administering isoproterenol a reduction 

in cardiac contractile responsiveness to kadrenergic stimulation was observeci in the 

ceus incubated with idammatory mediators cumpared to cona~ls. Intracellular CAMP 

was feduced in the myocytes exposed to the idammatory cytokines, therefore, the 

deaeaacd B.drenagic respouse was considered cAMPdepedent Resuhs h m  these 

two shldKs are contradictoqr and indicate th the rnechanism(s) responsiile £br 

rQaursc dowmeguLtun h the presence of inflammatory mediators mnains to k 

detennined. 
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Altemi respnsiveness of cardioVELSCUlar rece!ptors in vibo has dso been shown to 

be ilSSOCigfed wÎth advancing age. VentficuIar biopsies fiom non-f~ling ventricies of 

yaiqg anci old iidividuals undergoing cardiac bypass surgery were subjected to 

isoptcmoI stimulation @avies et ol, 1996). A deaeased responsiveness of 

uhergic recepfors was observed in biopsies nom older individualq this was suggested 

to k due to a reduction in ~adrenoceptor density with age. Ageassociated changes in 

adren@c receptors wae aiso investjgaîed using rat vensiaalar myocytes from rats that 

were 2, 8, and 24 months of age (Xiao et d, 1998). A significant depression in 

contractile tesponse to isoproterenol was observeci in myocytes fiom rats 24 month old 

which was m i u t e d  to a decreased receptor density and membrane adenylaîe cyclase 

sdivity. Thus, Ijl VibO shidies have shown that aging may cause altered responsiveness of 

B-.drenagicreceQtm. 

Cytokines have alw been .shown to modulate f3-adrenergic control of cardiac 

myocytes through pduction of nitnc oxide. Cardiac pig myocytes exposed to Llf3 

stimulateci with isoproterenol had significantly less Bgdrenergic control of cardiac 

calcium curent than controls (Etozanski and Witt, 1994). Addition of L I r a  to the 

myocytes, substituthg Ihrginine for L-aipinine and incubating the rnyocytes with a 

&c oxide inhibitor NO-monomethyi-~arghine (L-NMMA) pmented the altered 

sdnaagic response in the presence of L-1. Thug it was concludeci that IL-1 influences 

B9draKigic contrd of cardiac C1'+ channeis by mechanisms that involve nitnc oxide. in 

additïou, involvement of nitric oxide in ventricular myocyte wntractility fiom faiiing and 

non-fitiling hearts was detennined (Flesch et al., 1999). Treatment of the myocytes with 



of o d e  a/nthiise inhibitor GNMMA resuited in greater isopdineinduced 

contractions thus aa k e a s e d  mqonsiveness of &adrenergïc receptors was observe& In 

this sWy, ùiaibating the rnyocytes with Trion, a superoxide end pexoxynMe savenger, 

aboüshed the &eCt of endotoxin on respoasiveness to Uoprenaline. Therefore, impaid 

myoardial conhaction war suggested to be due to endotoxin exposure and increased 

expression ofnitric oxïde and peroxyaitnte. Another recent study reported that the effect 

of endotoxin on cultured rat cardiomyocytes resulted in greater concentrations of nitric 

oxide, M, IL-1 which iduenced padrenoceptor mediated fùnction but not a- 

adrenoœpmt Bbivity (Mulla-Wadan et al. 1998). In the presence of dexamethasone, an 

inhibitor of inducible nitrie oxide synthase, the endotoxin-mediateci reduction of & 

adtenoceptor activity was inhibitecl. However, TNFa in this investigation depressed both 

B and a-adrenoaptor tùnction in the presence and absence of duramethasone thus in a 

nihic oxide independent manner. This indicates that altered cardiovascular receptor 

fesponsiveness ri, Miro may aiso be observed independent of nitric oxide production. 

A reduced d i a c  calcium channel responsiveness of rat cardiornyocytes in the 

prrsaice of inflarnmatary mediaton m vibo bas also been reported (Krown et ai., 1995; 

Liu and Schreur, 1995). Exposure of cardiac myocytes to TNFa and IL-lp resulted in a 

aippnssion of cardiac L-type calcium channels which was suggested to be due ta an 

aitCntion m signiling pathways respoctsible for calcium chamel bction. In addition, 

4 c u l a r  myocytes hi guinea pigs treased with LPS exhiiited a reduced Ltype 

car* calcium cumat (Zhong et ai., 1997). 1t was mncluded that a d d  Gtype 

calciimi aFmat piays a centnt role in m y o d i a l  contrade dysfùncb'on obsaied 

duringeadotoxemia 



Admiaisbstion of ENaar to rabbit ventncular myocytes reduced in vibo AT'- 

semithe potrrsium channe1 rctivity (Nishio et d., 1999). Reduced activity of d i a c  

potarrium c h a d s  in the inflmmatory m e  has dso been shown ushg ventricuiir 

myooytw h m  R ~ P  that had undergone an eqerimentally induced myocardial infaraion 

@Caprieiim et al., 1999). An altered bct ioa  or downregulation of potassium charnels 

was reportecl which was thought to be due to reduced potassium channel density. Pm- 

inflammaiory cytokine concentrations were not measured which is unfiorninate sina 

enhanced infiammatory cytokine expression after myocardial infwction has been reported 

(N- et 01.. 1995; Guillen et ai., 1995; Irwin et aï., 1999). Perhaps, increased 

expression of idammatory mediators may have been associated with reduced cardiac 

potassium chme1 hnction Therefore, the in Mbo studies disaissed indicate a reduced 

~admmgiç cardiac calcium, and potassium chamel receptor hnction in the presence of 

infhmnatory disordm and pro-inflammatory cytokines 

1.1.4.2 Invivo 

ûne of the first reports of altered response to cardiovasailar drug in laboratory 

d d s  was by Belpaire et al in 1986. Mer intravenous administration of propranolol to 

rats with turpaitine inâuced inflammation a significantly higher plasma concentration of 

ptop.an0101 was observed. Despite mer pmpranofol concentrations in rats with 

infIzu~llllation, surprisingly, in the arthntic rat, propranolol had no &ect on isoprotereml 

inducd tachycardia Kowmr, propranoIo1 reduced the &ect of isoprotaaioI on kart 

rats by appmkm~ly 75 % in heafthy rats. The C8duced Padrenergic fesponse to 



propMolol in tbe rat with arthritis was attriibuted to i n d  protein binding, hence. 

less unbamd propnmlol was able to interad with the padrenergic receptor. In addition, 

in- propf~~~)IoI  0011cen~om and d d  &adrenergic responsiveness to 

propranolol in the adjuvant artliritic rat is repoited (Guirguis and Jamaii, 1996). 

Inflammatinn caused by ENar3. inoculation bas been shown to reduœ responsiveness of 

cardiac calcium channels to verapamil and was associateci with increased concentrations 

of airric oxîde (?May0 et al., 1996). 

Alteration in receptor response to dnig due to enhanced cytokine concentrations 

may aot ody be lirnited to mtlammatory diseases but may also ocair in the elderly. 

Deaerced prolongation of the PR intend, indicating rduced sensitivity of cardiac 

alcium channels to verapamil has been reporteci in older patients compared to younger 

individuais (Abmethy et al., 1986; 1993). This, perhapq is due to an inaessed 

expression of inflammatory cytokines in the aged affecting cardiac calcium channel 

activity. In addition, aîtered admergic sensitivity to f3-blockers has dm been shown to 

ocair with advancing age as seen with propranolol (Tenero et al., 1990; Brodde et al, 

1995). Clinially, -ore, &adrenergic receptor and cardiac calcium channel 

downregulaton may ocau in various circumstances where increased pro-inflamrnatory 

cytokine concentrations are observe& For exampk, in patients with idlammatory 

conditions such as arthritis Crohn's disease, i n f i o n  and also in the eiderly. 

Reduced nspaaslivaess to dovascuiar h g  has bem observeci in patients with 

various CaSdiovaScuIar diseases. Innammatory status has been show to detennine the 

clinid course of pst  myoc8fdiaI hfbt ion patients who have unstable angina and 

nceivs standard h g  thesapy (Verheggen et d. 1999). It has been suggested that 



indisaidnately tmting patients with unstable angiaa regardles of intlammatov state 

miy mt be appropriate (r.iuzzo et al, 1999). In addition, incrdng levels of IL-lra ad 

IG6 Qriag the nnt 2 days of hospitaIization in patients with unstable angina were 

asmched with i n d  risk of in-hospital coronary events in patients receiving 

studird dmg tbaspy (Birsucci et d., 1999). The relationship between semm CRP 

concentration affa acute myocardial inf i ion  and 24 month survival was iavestigated. 

Patiemts with siflcantiy highefCRP concentrations in the 61% few days after an aaite 

myocardid idarction trested with thmmbolytic dmgs had an increased risk of death 

during the first 6 months Pfter the infardion (Pietila et al., 1996). Therefore, 

idammatory conditions or infîamrnation-induced pathophysiological changes can 

dccrrue nsponsiveness to eardiovascular dnigs. 

L2.I rnm.cab*011~ 

Sotalol is a cacemic non-selective, padrenergic antagonist/cardiac poîassium 

blocker, and is indicated for the m e n t  of hypertension, angina, and ventrialu 

adythnh  (Andsrson and Prystowdry, 1999)). Sotaiol bas no inüinsic sympathornimetic 

or membrane stabiling activities and dicits its antihypertetlSive/antiarrhythmic effect by 

non-selediveiy blodàag B-admergic ncepton and potassium channels in the 

myoardnim (Andason and Prystowsky, 1999). SotaIol was first synthesized in 1960 and 



markethg bgîn in 1974, thdore, racemic sotal01 ha9 been used as an antihypertde 

a n d ~ ~ g f o r m 0 ~ t t h l l l l 2 5 y e a r s .  

The antiluthythmic activity of sotaiol has d e d  in renewed interest in the h g  

since tripls aich as the CAST (Cardiac Arrhythmia Suppression Trial) proved an 

i n c d  cisk of sudden death with class L antiarrhythmic agents (Batman, 1997). As a 

nsuft of the CAST hdings class 1 antidythmic agents have corne under d n y .  

SotaIoi inhibits the delayed d e r  and other cardiac potassium channelq in 1992 the 

numLate was approved by the Food and Drug Administration for use in the treatment o f  

lifithreatening ventnailar anhythmias (Anderson and Prystowsky, 1999). Interestingly, 

potassium channet blockas have been suggested to d u c e  mortality caused by left 

ventridar dysfunction after myocardiai infaction (Waldo et ai., 1996). Therefore, to 

detamine whether S-sotaiol, channel antagonist, reduces mortality in patients 

with previous myocardiai infadon and left ventnailar dysfunction the Swivat Wih 

Oral d-sotalof (SWORD) trial was condyced. This trial was stopped before completion 

due to a higher mortaiity in the sotalal tnatcd group (Waldo et al., 1996). A possible 

reason tOr the inaeesed monality with S-sotaloi, perhapq is that fbadrenergic blockade is 

nquind to cwntemct the sympathetic activation that acoompanies prolongation of the 

d a c  action potenfiai (Schwartz, 

there is rmewed interest in S - d o 1  

(Adwu6 and Singh, 1995). Also, 

1998). Despite cancellation of the SWORD study 

as an agent to tnat sustained ventricular tachycardia 

use of S-sotalol to decrease defibrillator aiergy 

reqykernents in patients with an autometic implanted cardioverter-defibriilator (AICD) is 

griniiig inmeta due to the inaeased safety margin since lower enagies for defibdlation 

are ne nqMed@o et d, 1996). 



1.2.2 ~m~~~~~~idpr~perliè~ 

The chernical structure of sotalol (C&&O&) is depicted in Figure 1 - 1. Sotalol 

is an oQcless white crystalSie powder (Budavari, 1996, Reynolds, 1996). The molecular 

weight of the base and hydrochloride @ICI) sait are 272.37 and 308.83 respedively. 

Sutaiol is a hydrophilic m e r g i c  blocker with a water/n-~danol partition coefficient 

(log p vahie) of024 (Burgot et uf., 1990). Using the 0ctanoVphosphate buffer (pH=7.4) 

at 37' C, sotdol was reported to have a partition coefficient of 0.09 (Jack et d., 1988). 

Figure 1-1. Chernial structure of sotaloi, * denotes chiral center. 

Ursiike otha f%-adrenergïc antagonists that are aryloxypropranoiamines, satalol 

miatiomers are methanesuIfonamide-substituted phenethanolamines thus are emphoteric. 

Tfrereforq the pICa dues are 9.8 and 8.3 for the amine and subnamide respectively 

1982). 

A Perkin Elmer mode1 241 spectrophotometer was used to obtain the opticai 

d o n s  ofR a d  S-sotalol. The rotations were rneaswed in a 10 cm (centimeter) d l  



rnd using water as a solvent at the sodium D-line (589 MI). The optical rotations or 

spsciflc rotations of sotal01 hy-oride aiantiomers were: 

The specific rotations of wtalol hydrochlonde in methanol were reporteci (Zn 

Garrec et al., 1987) as: 

(+)-(S)-socal01 hydrochioride [alU, 

(-)-@~sotaIol hydrochioride [aFD 

nie meiting point of racemic sotal01 has been reportai within the range of 206.5- 

207O C @oage et d, 1982). 

1-23 PhramaookmeticiephmniacodjinmAics 

The oral bioavailability of sotal01 racemate is 90-1000/0 in humans (Anderson and 

Rystowsky, 1999). The absorption rate U less than other badrenagic antagonists with 

p& coa~entrati~iu OCCUTTing at 2 to 4 h (Singh n d, 1987). Sotalol d a s  not undergo 

nrst-pass metaboIism and is mainly eliminated unchanged via the rend route by 

glomedar fiItntion and tubdar -on (Singh et al., 1987). h humans protein binding 
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is fcpotted to be less than 2 % with albumin and AAG contributhg to the binding 

(Belpaire etal ,  1982). SotaIoL is in breast milk and the mi1ksem.m ratios ranged 

h m  2-43 to 5.64 (tIadrett cil., 1990). Diseases that aita renai exaetion of sotaiol will 

gsnarlly alter pbarmacokinetics and pharmacodynamies as shown by the inaeesed & 

-C a d  cardiac potassium chamel blocking that may produœ toxicity in patients 

with renal Wure (Singh et a!., 1987). 

The concedon e f f i  relationships used to mode1 the activities of sotalol are 

maximum e f f i  and sigmoid E, models (Singh et d., 1987). 

13.1 fndrati01'xs 

Lidocaine was first used as an antiarrhythmic agent in 1950 and is a dnig of 

choke for the raite management of venüicular arrhythmia associated with myocardial 

inf ion,  mgery, and vetitridar tachycardia (Alexander et d., 1998). The use of 

lidoaine for mutine ptophylaxis of acute myocafdial idarcth is not recommended 

since sunmral was rrported to be duced due to exacerbation of hart block and 

congestive &art nilure (Rodem, 1996). Lidocaine elicits its thecapeutic effect via 

blocking d i a c  hist sodiwn channels and is effective against ventricular arrtrythmias of 

a dMne etiology (Alexander et al, 1998). Since rapid onset of drug ocans due to 

htrave- administration aad rrpid deatance the effcas of lidocaine deaease @ckIy 

upon tamination of administration pedtting titraton of the dose for ectopic activities. 
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Therefore, due to the q i d  clearance and ease of titration of dose, lidocaine is stiil a 

pop& rntllnhythmic agent (McEvoy, 1999). Howtva, clinical monitoring is essentid 

due to nimrw thaapnitic. index and high intersubject vafiability (Pieper and Johnson, 

1992). W o m ,  plasma collcentrations of Iidocaine are monitored and adjusteci to 

prcvent hemodynunic d other camplicotions. Lidocaine is well tolerated at therapeutic 

c o n c e d o n s  1.5 to 5.5 &ml for artbythmia suppression (Rodighiero, 1989). 

1.3.2 Physiochemidpropeties 

The chemid structures of lidocaine (CiJInN2O) and monoethlygl ycinexy lidide 

(MEGX) (Ciai&O) are depicted in Figures 1-2 and 1-3 respdvely. Lidocaine is a 

white odorless crystaiiine powda (Budavari, 1996; Reynolds, 1996). The molecular 

weights of the base and HCI salt are 234.33 and 270.79 respestively (Reynolds, 1996). 

Lidocaine is pradically insoluble in water, however, the HCI is very soluble in water and 

dcohol. Using a CHCldphosphate buffer @H=8.0) et 23O C lidocaine was reported to 

have a partition ca&cient of 99 (Nyberg et d, 1977). 

Figure 1-2. Chemicai structure of lidocaine. 



Lidoaine is a wedc base wah a pKa of 7.85 and atists predominantly as the protonated 

form it physiologial pH of7.4 aad melting points of lidocaine a y s t a l s  are 127 to 12g0 C 

@dwi 19%). 

Figure 1-3. Chemical structure of MEGX. 

1.3.3 Phmn#acokineti'-phrrnnac-ics 

Lidocaine HCI is absohed weil nom the gestrointestinai tract, howevex, due to 

atasive d hi@y variable firsî p a s  maabolisrn only 35 f 13% of  an oral dose 

d e s  the systemic circulation (Pi- and Johnson, 1992). This high variability after 

orai administraCion to humans is due to the large variation Le., 4 to 13 fold in CYP3A 

expression (de Wildt et aï, 1999). In addition, one study reported that therapeutc piasma 

concent&ons of iidocaine w a t  not obiainexi after oral administration of 250 mg and MO 

mg but toxk &ects occurred, pahaps, due to high concentrations of toxic metabolites 

(McEvoy. 1999). Thdore,  due to the condition of the patient, requirement for rapid 



dosage adjwtment and iaaessed produdion of toxic metabolites lidocaine is not 

. . dmnutaed d y .  Lidoaine is widely distniuted into body tissues and bas a high 

Pninity for nt .ad adipose tissue.. Bindhg of lidoceine to plasma pmteins is variable and 

coiicentntiOn dependent In the therapeutic range, l i d d n e  is approximately 70 Oh bound 

to plumi. pmteins. The majority of lidocaine La, 70 % is bound to AAG and remaining 

30 % to Plbumin (Pkper and Johnson, 1992). At therapeutic wnantraîions, the ratio of 

bloobto-plasnu concentrations is 0.8 and 0.9 in healthy volunteers (Piepa and Johnson, 

1992). Lidocaine is distriibuted into breast milk and concentration has been reporteci to be 

as high as 40 % of m m  nom a sample taken approximately 2 h after [idocaine 

adminisiration (&ïcEvoy, 1999). 

Lidocaine is eliminated predom*nantIy by hepatic metabolism in both humans and 

rats (hauka et al., 1990; Pieper and Johnson, 1992). There is no evidence of biliary 

secretion in humans and r d  clearance oflidocaine is considemi insignincant since lws 

thn 10 Y. of an iatravenous dose is excreted unchanged in the urine (Pieper and Johnson, 

1992). The hepatic d o n  ratio in man ranges from 0.62 to 0.81 (Pieper and Johnson, 

1992). Phase 1 mebbolism of lidocaine is extensive and occurs at the tertiary amine (N- 

deailqlation) at the para- w meta- positions of the aromatic ring (hydroxylation) and at 

the arylmetby1 gmup (hyhxylation) and at the amide Iinkage (hydrolysis). This r d t s  

in formation of ME= 3- or 4-hydroxy lido&ne, methylhydroq lidocaine, and 26- 

xylidine rrspectiveIy (Beckett et al., 1966; Nelson et al, 1977; Suaiki et al., 1984). The 

Blycine nitmgen is susceptlcble to N+xidation by rat liva microsornes (Paüason et al., 

1986). 



The mef8bOIites ME- 39, 4-hydroxy lidocaine, methylhydroxy lidocaine d 

2,6, xylidine moy dso undago semndary Ndealkylation, ring hydroxylation, amide 

hydtolysb a d  c w ~ o a  The aonjugation d o n s  are mainly glucuronidation and 

sulÉrtioa and N-conjugation of the ammatic amine is negligible in tau and humans 

(Reenaglm Md Boyes, 1972; Kawai et al., 1985). 

In humans, 74-80 % of lidoaine is recovered as the wnjugates of xylidide and 4- 

hydroxy-xylidide @eenaghan and Boyes, 1972). This indicates N-deallqlation and 

cleavage of the amide bond of Iidocaine and metabolites are predominant routes of 

biotransfodon (Nelson et al., 1977; Hollunger, 1x0). The major metabolite of 

Iidodne MEGX is predominantly eliminated by the liver and follows formation rate- 

lirnited kinefics and has 83 % activity of Iidocaine (Burney et ai., 1974; S~rong et al., 

1975; Rodighiao, 1989). In humans, N-deethylation of lidocaine to MEGX is catalyzed 

by CYP3 A4 (Bargetzi et al., 1989; haoka et al., 1990). 

Thae are nimaous &ports on species, strain, gender, 

reg8rding lidocaine hepatic metabolism (Masubuchi et al., 1991; 

and age differenca 

Irnaoka et al, 1990; 

Fujh ef d, 1985; Lauiard et d., 1983). The cornparison of humms to rats will be 

â i i .  Lidoceine W extensively metebolized thus is cla~sified a high extraction dnig 

with systemic clearance dependent on hepatic blood flow in both humans and rats a b  

iatmnaou, administration (Keenaghan and Boyes, 1972). In humans, the dominant 

pathway is NddkyIation followed by secondary Ndealkylation and then amide 

hydroiysis. In the rat th- are two sites competing for lidocaine, high afnnity low 

apoity site in which the 3hydroxy metabolite is fomed and a low aficinity hi& 

cipecity site in which NddkyIation ocain (von Bahr et af., 1977). Thdore,  at low 



ccmœnüahns of iidacaine MEGX is 90 % of the total metabolites. In the rat substrate 

speàficity of CYP3A overlaps with CYP?C (Smith, 1991). In humans, CYP3A4 

Ndeaikîyation of lidocaine to MEGX and CYP2C S-mephenytoh 

hydmaylaion. This is r e v d  in the rat as MEGX formation is mainly catalyzed by 

CypZCl 1 a d  mephenytoin hydroxylation by CYP3A (Smith, 1991; Masubuchi et al., 

1993). Rat CYP3A2 has ody a smdl contniution to N-dealkylation activities. Thdore,  

lidocaine in the rot is metabolized mainly by CYPZCl 1 to MEGX with CYP lA2, 2B 1 

and 3A2 playing a rninor role. Hydroxylation of sryl methyl group is catalyzed by 

CYP2B2 in rat microsornes (Imaoka et al., 1990; Oda et ai., 1989). In the rat f o d m  

of 34ydroxy lidocoine is catalyzed by CYP 1 A2 and 2DV2 (Nakamoto et al., 1997; 

Masubuchi et aï., 1991; 1993). The position of ring hydroxylation of lidocaine is species 

dependent. In man, hydroxylation selectively ocairs at the para-positions but in rats et the 

meta-position. No g m d a  differences are observecl in humans (Smith, 1991). In addition, 

g a d a  differences exist with pnférmtial expression of CYP2C11 and 3A2 in male but 

not femde rats (Smith, 199 1). 

Lidocaim is cl& fied by the Vaughn-W illiarns classification of antiarrhythmic 

dmgs as a clas, IB agent (McEvoy, 1999). A membrane stabilizer that reduces the 

dhctory paiod by intaading with cardiac sodium channels in the open and inactivate 

state to inhibit recovery afta repolarization (McEvoy, 1999; Roden, 1996). Recovery 

h m  i i d d n e  blodr is rapid so lidocaine exerts greatest &ect on partiaily depolarized 

der q i d  drimi tissues (NoIm, 1997)- Tbe site of action in the heart is Rirlanjie 

tibas, ventricular muscle and veafnwlar ectopic fwi (Roden, 1996). The responsiveness 



of iscbemic tissue to iidocaine tends to be greater when compared to the n o d  

myocrnaUm The siwartriai (SA) iad atrioventricular (AV) nodes and Mial muscle and 

ectopie 60a ue gemdly unresponsive to Iidocaine in humans (McEvoy, 1999). At 

thsnpsutic concentrations automaticity of ventricular muscle is suppressed, conduaion 

velocity reduced, M o n  thnshold elevated and both effeaive rehctory period and 

d o n  potential duration reduced (Opie, 1998; Rodeq 1996). The concentration-efEi 

relationships used to mode1 the activities of lidocaine are the E- and sigmoid & 

mode1 el al., 1993). 



1.4Raaoiult for the itudy of the pharmacolrinetics md pharmicodp.mia of 

roEilol and lidomine in th pmence of infiammatory conditions 

Idhumtory disemes have been shown to inaease concentrations of AAG, and 

danrsa hep& clearanœ, both of which can nsult in incnased h g  concentrations 

(Schneider et d., 1981; Belpaire et d., 1989). Belpaire et al., in 1986 atti'buted a reduced 

response to propmo~ol in rats with inammation to altered protein binding. Hence, 

d d  response to propranolol in the inflamed rat was suggested to be due to l e s  free 

dmg interacting with the 8-adrenergic receptor. However, seweral in v i ~ o  shidies show 

that ~adrenagic fiinction is nduced in the presence of infiammatory mediators (Liu et 

d., 1999; Cbung et d, 1990; Gulick et al., 1989). Therefore, it is not known whether 

d d  response to drug in laboratory animais with inflammation is due to changes in 

phrnaoookinetics or pharmacodynmics. To address this concem we chose sotaloi, & 

adrcnqiclcardiac potassium blocka, since sotdo1 is eliminated mainly via the r d  

rotde and is negligibly bound to plasma proteins, therefore, inflammation would not be 

expected to alta its pharmacokinetics. In addition, virtuaily nothing is known about the 

activity of cardiac potassium charnels in the presence of inflammatory disease. For this 

purpose, we also cho* sotiilol to investigate whether cardiac potassium channef response 

to dntg is altered in inflammation in d i t ion  to determining whether reduced response to 

drug is pharmacolrinetics depaident. 

Ta date, there is no i n f o d o n  that compares the &éct of acute and chronic 

damnation on the pbanaacodynamics of cardiov~~sc~lIer h g .  These two types of 

inflammation may possibly hiive distinct ifluences on dnig actïvity due to inhefent 

d i f f i  bawwn the two d i m .  Therefon, to explore this possi%ility, sotai01 was 



- 
crQunistsled to rats with amte, EN--induced, and chronic, MjeoZkcterium butyricunr- 

iduced, inflmrnation. 

~oVOLSCUJu h g s  tbat undergo extensive presystemic hepatic metabolism and 

those highly bound to AAG are candidates for idammation-induced ph8fmacokinetic 

changes. An hcreased concentration and reduced paârenergic snd calcium channel 

acbivity bave been obsenred in rats with inflammatocy disease administered propranolol 

aad vefaparnil respectively (Guirguis and Jamali, 1996; Mayo et al., 1996). Similar to 

pmpranolol and verapamil, üdocaine undergoes extensive fïrst-pass hepatic rnetabolisxn, 

is highly bound to AAG, however, unlike the former two dnigs, is metabolized in the nit 

mainly by CYPZC subfamily and blocks cardiac sodium channels. Therefore, we choose 

îidocaine to detamine whdher the dfect of inflammation on phannacokinetics- 

pharmacodynamies of badrenergic and cardiac calcium c h a ~ e l  antagonists may be 

grnaalid to otha cardiovasnilar dmgs thet are also highiy bound to plasma proteins 

and undergo extasive fkst-pas9 metabolism. 



1.5 Hypo&esu 

1. Acute and chronic infianunation does not aita phannacokinetics of sotalol 

aiaa5iomers after administration of racemate tuid stereoisomets, 

2. The phamacdynimis of sotalol ewitiomers art a I t d  in rats with chronic 

divant aahntis c d  by adminishation ofh@obacteriton butyrictmt due to: 

a Altemi rssponsiveness of p-adrenergic receptors 

b. Altend responsiveness of cardiac potassium channels 

3, The phamacodynamics of sotaloI enantiomen are altered in rats with amte IFN<II- 

induced inflammation due to: 

c. Altered respo~~~iveness of $-adrenergic receptors 

d. Altend fesponsiveness of cardiac potassium channels 

4, Aitercd tesponsiveness to sotaiol in inflammation does not diffkr whether dis- is 

amte, IFN&nduced, or chronic, A&06actetiuni buWcum-induced. 

5. The pharmacokinetics of lidocaine does not diEer in rats with IM~4nduced a- 

inflammation, 

6. The pharmacodynamies of  lidocaine does not differ in rats with IFNa4.-induced aaite 

inflammation, 



To d u a î e  the & i  of adjuvant w k i t i s  on the disposition of sotalol enantiomers 

afteradminiion ofracemate. 

To d u t e  the &ed of adjuvant artbritis on responsivsness of B-adrenergic and 

cardirc potassium channels. 

To svahiote the H i  of IFN~9.4nduced infiammation on the disposition of sotdol 

umtiomers after administration of mamate, 

To evaiuate the ef!ièct of IFNarZI-induced inflammation on responsiveness of 

adrenggic and cardiac potassium channels after administration of sotalol racemate. 

To evaiuate the &ect of IFNa9.-induad inflammation on the disposition of sotalol 

d o m e r s  after administration of stereoisomefs. 

To evaîuate the &kt of IFNdlr-induced idammation on responsiveness of B- 

Idraiagc and cardiac potassium channels &er administration of sotalol 

stereoisorners, 

To compare the &ect of =te and chn ic  inflarnrnatory disease on B-adrenergic and 

d a c  potassium channe1 responsiveness to sotalol. 

To evaiuate the effect of IFNaurr-induced inflammation in vivo on disposition of 

lidoaine. 

To evaluate the of IFNalr-induced inflammation in vitro on disposition of 

iidocaine. 

10. To mhute the &ect of ENa-induced idammation on responsiveness of car& 

sodium chanaeh aAer rrdministration of lidocagne. 



Chapter 2 

EXPERIMENTAL 



21 Ch- 

Bristol-Myers Squibb Pbrumaceutical Research Institute (Princeton, NJ, USA) 

providcd naniiite a d  stereoisomers of sotdol. Atenolol racemate, lidocaine, 

trhethoprh, veaqdl racemate and (+)-giaucine were obtained f?om Sigma Inc. 

(bdhhuga, ON, Canada). Asüa Pharma Inc. (Mississauga, ON, Canada) provided 

MEGYC ENar3. (Roferon 4 Fioflinam-La Roche Limited, Mississaup, ON, Canada) 

was provided by the Cross Cancer Instihite of Edmonton 

Ail reagents required for microsoma1 incubations and Lowry kits for 

detemination of total protan were pwchased fiom Sigma hc. (Mississauga, ON, 

Canada). The derivatizing agent for sotalol assay, S-(+)-1-(1-naphthy1)ethyl isucyanate 

(NEIC), was obtained tiom Aldrich Chernical Company (Milwaukee, WI, USA). 

Chloroform, hexane, diethyl etha, isopropyl alcohoi, acetonitrile, anhydrous ethanol, n- 

heptane, ethyl acetate and methano1 (Toronto, ON, Canada) were high performance liquid 

chromatography W L C )  grade. Acetic a d ,  phosphoric acid, suffiric acid, sodium 

hydroxide, and triethylamine were purchased fiom BDH (Toronto, ON, Canada). 

Polyethylene giycol 400 was obtained nom Union Carbide (Danbury, CT, USA). 

Monopotassium phosphate and disodium phosphate requirrd for preparatioa o f  Serensen 

buffa was bought from BDH (Toronto, ON, Canada). HPLC grade wata and squalene 

wae purchrrsed h m  Fisha Scientific (Edmonton, AB, Canada). Hepdn (Heparin Leo 

1ûûû i u M )  was p u r c b e d  fiom Leo Laboratories (Toronto, ON, Cinsda). 

MethoXynuranc Wetofàne) was purchased ûom Janssen Pharmaeutica Inc. (MissÏssauga, 

ON, Cmida) dso kiikd crnd driedMjeobacletium buw- (IWh wlw) was p u r c h x i  

h m  Difco Labs (Detroit, MI, USA). 
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r u  Appamm 

The plYnu sampks wexe vortexed with a Vortex 2 mixer (Fisher ScientSc, 

Edmmton, AB, Canada) and wese cenîrübged wiîh a Dynac II centdbge (Becton 

Dickinson, Parsippany, NJ, USA). Solvents were evaporated with a Savant Speed Vac 

c o n c e ~ r - e ~ 8 p o r a t o r  (Ementon Instruments, Sciuborough, ON, Canada). The HPU: 

system wnsi*sted of a Waters WSP 712 autoinjector and mode1 590 programmable pump 

(Waters hc., Midssauga, ON, Canada). The detectors used were Waters 470 

fluoresceme detedot and Lambda Max 481 W (Waters Inc.). A Hewlett-Packard mode1 

339ûA integrator was used to record the pcak areas (Palo, Alto, CA, USA). 

of sotail01 and atenolol (intemal standard) were separateci on a 

P h m e n e x  25 cm Scainless steel 5 pm silica column (Partisil 5, Phenomenex hc., 

Mississauga, ON, Canada) using a mobile phase of hexane-chlorofonn-methanol pumped 

at 2 mVmin. Lidocaine, MEGX, and trimethoprim (intemal standard) were separated on 

a 10 cm d e c y l s i l a n e  (ODS) Cl8 staidess stal 5 p column (Chromatography 

Scie- Company Inc, Wssauga, ON, Canada) using a mobile phase of acetonitrile 

mer-phosphoric acid-triethylamine pumped at 1.3 d m i r  Verapamil enantiomers and 

(+)-@aucine Cinemal standard) wexe separated using a chiral stationary phase composed 

of 3,S4rnetbyfphenyicarbamatedemratized amylose on d i c a  25 cm staidess s t d  

caiumo (ChirPi Pak AD, Diaal Chernical Industries, Tokyo, Japan), Using a mabile 

phuc of hexane-isopropy1 dCOhO1dydrous etbanol-rriethylamine pumped at a flow 



tate of 1 mi/min. Both samp1e preparation and chomatography were conductecf at m m  - 
22.2 Slrm&Pd .w)iuii-rn 

Stock soIutions of sotaloi, atenolol, vezapmii, (+)-gI8ucine and lidoaine were 

prepated in wata to a final amcentration of 10 mg/lûû ml of the base. MEGX and 

trimethoprim were p~epared in water to a final concentration of 5 mg/25 ml. 

The NEIC was diluted with hexane to give a 1 % (v/v) solution and stond under 

nitrogen at -200 C. To derivatize sotdol and atenolol enantiomers this solution was 

nutha diluted with chlorofom to give a finaf concentration ofO.OS% (v/v). 

2.2.3. Sarripk prt?gw~*on and am&sis 

The f0110wing procedüres were condudeci to determine sotalol, lidocaine and 

varpomil concentrations in healthy and infiamed rats. 

2.2.3.1 Sotalol -y 

Plasma socaloi concentdons using 100 fl of rat plasma were measund by a 

pmiously reported HPLC method ( C m  et al., 1991). h g  h e  rat plasma was spiked 

with stock sohitions of sotdo1 racemate ta give enantiomer concentrations of0.05 to 50 

pg/d ofeach enanfiorner* To this was added 50 pl of atenolol c n t d  standard) and 30 

pl of 1 M NaOEL The plasma was voawd for 30 seconds then centrifiiged et 1 8 0  g for 



5 min with two consecutive 4 ml volumes of ethyi acetate. The two ethyl acetate 

extradons wece combined and evaporated to dryness using a Savant Speed Vac 

cammtratw-cvapoi.atar. A f k  dryin& the samples wae derivatized at m m  temperature 

by addhg 200 pf ofNEIC soiution to the residue. 

A f k  addition ofNEIC the test tubes were vortexed for 30 seconds and aliquo~ 

ranging h m  75 to 200 pl were injeded into the HPLC system and chromatopphed 

ushg a mobile phase of chlomform-hexane-mahanol (65:33:2.0). The fiuorescence 

detedor was sst at 280 and 335 nm for srcitation and emission respectively. 

2.2.3.2. Lidocpine assay 

P h a  lidocaine and MEGX concentrations using 100 pl of rai plasma were 

msuwed by a pmriously reporteci HPLC method (Tarn et al., 1987). Dnig fhe rat 

plasma was spiked with stock solutions of to give concentrations of 0.1 to 50 pgid of 

lidocaine and 0.2 to 50 &ml of MEGX. To this was added 40 pi of 0.25 M NaOH, 100 

pi of trirnethoprim (interna1 standard), and 3 ml of ethyl acetate. The mixture was then 

voaaced for 30 seconds then centtititged for 5 min at 1 8 0  g then back extracted twice 

into ailfiuic acid pH42 and 150 pi injecteci into the HPLC system. The mobile phase 

consisted of water-ttcetonitri1e-phosphoric acid-triethylamine (95:4:O. 1 :OS) run at 1.3 

mVmin. The ultraviolet detedion was at 205 tim, 



22.3.3. Varipomü assay 

Piasma Mapomil concentrations using 100 pi of rat plasma were measured by a 

pmMuay repotted HPU: method (Shibukawa and Wainer, 1992). h g  fine rat plasma 

was spiked with stock solutions of verapmil racemate to given enantiomer 

concestratio~ of 0.005 to 0.2 j@mi of each enantiomer. To this was sidded 75 jd of 

i n t d  standard (+)-giruicine, 100 pl of 1 M NaOH, 400 pi of  S0rensen b&er (pH=7.4) 

and 6 ml of n-heptane. The plasnia was vortexed for 60 seconds, centrifiged at 1800 g for 

10 then evapomted to dryness using a Savant Speed Vac concentrator-evaporator. 

Atta drying, the samples were reconstituted in 200 p.I mobile phase and 100 pl was 

injectai into the HPLC and chromatographed using a mobile phase of hexane-isopropyl 

alc&oi-anhydrous ethanol-triethylamine (85:7.5:7.5: 1 .O) nui at 1 mi/min. The 

fluorescence detedor was set at 272 and 3 17 nm for excitation and emission respectively. 

2.2.4. T m t  tfkrlo 

Calibration curves wae generated to detamine concentrations of sotaiol, 

Iidocaine and vefaparnil. The calibration aims were constnicted by plotting peak ana 

ratios of dnig to interna1 dendani vasus spüred drug concentrations. The caiibration 

nwes were evafuated using least squares linear regression analysis. Al1 cdibratïon 

aans were lmear (h.999) without using a weighting scheme. To evaluate acairacy 

paceat aror was calculated . h m  the difference baween estimated and added 

comxntmtions of bug and was not pater than Wh. The lower ümit of quaotitatioa fOr 

&the aamysured r signalto noise ratio paterthan 4:l. 



2.3 Pharmrcokinetie Studies 

WumrooCrinetic -dies were conducted to compare disposition of sotalol, 

Ii- a d  vaip.mil in hecihhy and inflamed rats. 

Z.3.I. I i cbcb tm of rrrfiwmtr rirrhriris 

To induce adjuvant arthnts adult male Sprague-Dawley rats weighing (232 f 6 g) 

were i n d a t e d  in the tail base (intralymphatic) with 175 pl o f  heat-killed, fieeze-dried 

Mycobacrerium b u W m  suspended in squalene (50 mglml). The rats were used 

a p p r o ~ ~ e l y  14 days afker inoculation. Control rats were not pre-treated. 

More commencement of the experiments, the animals were classified as to the 

s e d t y  of the srthntis using an established method (Whitehouse, 1988). Bnefly, an 

arth&ic index (AI) score wu rssigned by quantiwng hind and fore paw swelling by 

m d n g  paw diameter uWng a caliper and by water displacement In addition, visuai 

asscssments were conducted to detemii0ne the number of joints a f f i e d  and presence of 

arthdic nodules. Each b d  paw is visually graded using a swre from zero to four with 

zero repnsenting no swdling or joint involvement, while four includes sevem swelling of 

sevaal joints. Each fore paw is graded fiom zero to three with zero representing no 

swelhg while a swn ofthree indicates excessive swelling of the Wnst and joints. The 

highest AL scae stteinable is fourteen indicating sewre inflammatory disease with 

exîemive joint Uivolvement 



2.3.2 lFZV- ihjkmaion 

Inf iamdon was induceû in aduk male Sprague-Dawley rats (322 f 34 g) by 

subaitpa#M injections of5.0 x 104 d t s  of IFN- (Rofefon 4 Roche Pharmaceuticaiq 

Mississauga, ON, Canada) for two doses at 12 and 3 h prior to administering dmg. Rats 

wat inoculatecl in dl v D m e n t s  at appruximately the same tirne of day in order to 

avoid potentid différences in IFN- priMng due to diumai rhythm of pro-inflamrnatoiy 

cytokines petrovsky et a%, 1998; Loubaris et al., 1983). To detennine affliction with 

inflammation before commencement of each experiment, a differentid bloodstain was 

p a f o d  on each rat. Prepivation of the differential stain involveci collecting a few 

drops of blood using a dry syringe via the Rght jugular vein catheter. Then preparing a 

blood film by spreading a bop ofblood across a standard microscope slide (7.5 x 2.5 cm) 

appmximately 1-1.2 mm thickness (Fischer Scientüic, Edmonton, AB, Canada). Mer the 

b l d  fiIm dried then a diffmntial min (eosindmethylene blue in methanol) was edded. 

AAef 30 seconds the dide was coated with Serensen buffer and soaked for 30 min. The 

Mer was then washed off the dide with distilled water, dried then examineci. A total of 

100 white cells were wunted to determine the percentage of lymphocytes, neutrophils 

and segmenteci mutrophüs. The amounts of segmentai neutrophi1s (mature neutrophils) 

wae counted pince activation of the idammatory response is thou@ to accelerate the 

matudon pmcess mavies e# d, 1999; Dahigren and Karlsson, 1999). In ddion, 

administration of EN* is nported to enhance neamphil respiratory burst a step in 

which oxidatm metaboüsm of ncuff0phils in- before phagocytosis which occun 

with bacterid and Mral infection (L'tttIe et al., 1994). IntefeStingiy, oxidative bunt 

naponsiveness by neufr~phils cordates with seventy of innarnmation (Hanse11 et d, 
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1999). Thus, pater amounts of  segmenteci neutrophils in the I F N a  treated rat indicated 

acuteinflammasorydisease. 

w 

2.3-3. Lh@g 

Sotaiol, lidocaine and vaaparnil were adminis td  oraily. Sotdol racemate, 

enantiomer and lidocaine were dissolved in normal saiine and the appropriate volumes 

were administaed orally using a stainless steel gavage tube. To avoid the influence of 

biological rhythms on cardiovasnilar dmg disposition and activity (Labreque and 

Beianger, 1991) rats in all &dies were dosed at approximately the same time of day. For 

the sotal01 dosaresponse study, 10, 20, 4û, 80, 100 and 120 mgkg racemate were 

rdministaed to healthy adult d e  SpraguaDawley rats (n=6/group) and maximum ECG 

response to Qug was detennined. For al1 subsequent sotalol phmacokinetic- 

pbarmacodynamic studies a dose within the log-linear segment of the dose-response 

anve of racemate, 40 mgkg, was administered. Thus, 40 mgkg of sotai01 racemate was 

addnistaed to bealthy and Mycobacieriùm buWcum treated rats (~Vgroup). Since 

W o l  d o m e r s  an equipotmt in potassium channel antagonism but ody R-sotalol 

possesses B-udrenergîc blocking activity, single o d  doses of 40 mg/kg racemate were 

testeci lgainst 40 m@g S- or 20 mg/kg R-sotaiol in heahhy and IFN* treated rats 

(W'). We arpectcd equipotent potassium channe1 snd fbadrenergic antagonian 

fôbwing odmiaistrstion of racemate versus S and R endomers, nspactively. 

tidoathe (90 m*), ~npemii., (20 mgkg, positive controi) and placebo wexe 

0 9 adminwtaed d y  to cidutt male Spqpe-Dawley rats (dgroup).  Vtxapamil was 



dissolved in pdyethyiene glycol 400 and the appropriate volume was administered by 

odgavage. 

2.3.4. Skqiiaalpmdue and -pie wlk~aoon 

In both control and diseased rcu~,  the ight jugular vein was catheterized with 

silastic tubing (0.025 in. i.d x 0.037 o.&; Dow Coming, Midland, Ml, USA) under a 

ligtrt g e n d  onesthesia using methoxyflurane at appmximately the same tirne of day 

(Janssen P h a m d c a l s ,  North York, Ontario. Canada). The animals were allowed to 

fecover ovdght before the expeziment. Rats were allowed access ta wata, but were 

f d  the night before the experiment. Single oral doses of racemate and enantiomer 

were administered to heaithy and diseased rats. For al1 sample collections (0.2 müsarnple) 

were taken via the nght juguIar vein catheter. For control and arthritic rats administered 

sotalol racernate saial blood samples were taken at 0,0.25,0.50,0.75, 1 .O, 1 5, 2.0, 3 .O, 

4.0, and 6.0 L The control and IFN* treaîed rats administered sotai01 racemate and 

stemisomers serial blood samples were taken at O, 0.25, 0.75, 1.0, 1.5, 4.0 and 6.0 h. 

Rats dminisiaed üdocPine said blood samples wen taktn at 0.0.17, 0.33. 0.50, 0.75, 

1.0.1.5.2.0.2.5, and 3 -0 h. The rats administered verapmil blood samples were taken at 

O, 0.25,0.50, 0.75, 1.0, 1.5, 2.0, 3.0, 4.0, and 6.0 h M e r  each a>Uection, the cathaa 

was fhuhed with an quai vohrme of heparin in saline (100 i.uJml). Afta each b l d  

cdlection the sample was centrifiiged and plasma separated and stored et -20' C until 

assayed foc h g .  



2.3.5 E l k ~ o g r #  meainrremennts 

For dl studies prior to doshg under a 1ight gened anesthesia using 

~ ~ u c a n e  thne staialess steel Teflon wated electfodes (Cooner wke, Chatmorth, 

CaUhia, USA) w a e  atbched to the rats. Two eIectmdes near the right and Ieft axila 

@uns, and the third at the xiphoid cartilage. To avoid interkence of anesthesia with 

maintain n o d  body posture rats wen  conscious during the experiments. 

Therefon, Mthy and inflamed rats were givea 3 h to remver fiom the anesthetic before 

srsrting the -ment W y o  and Jamali, 1999). The electrocardiograph (ECG) 

meisurements PR, Rq and QT intervals were continually monitored using an electronics 

for d i c i n e  Honeyweil V1207A Electrocardiograph Amplifier and recorded using 

Acknowledge III Data Acquisition software (Biopac Systems, Inc., Goleta, Califomia, 

USA). The PR interval is measured es the distance fiom the crest of the P wave to the 

aerrt of the R wave. The PR interval represents the time requind for an impulse to 

conduct through the tissues located above the ventricles Le., &a, AV node and His 

buadle (Ooldbaga, 2 0 ) .  The RR interval is messurd as the distance nom the crest of 

one R wovc to an*, and since this represents hart  rate wiIl be disnissed in the 

p d i n g  sections us heart rate. In the rat, the ST segment of the electrocardiogram 

cycle f o m  a platecul that is not obsemd in a human ECG. Thmfore, in order to 

cluuitify the QT iatainl the distance &om the Q dip to the bottom of the ST segment is 

maRaed The QT intcnnl. coaduction through Rirkinjie fibers and ventriaiiar muscle 

npnsai*, ventnwlar depoiarization and repolarization and may be used to d e t h n e  

cadac potft-paituri and sodium channe1 blocking aaivity (Go1dbager, 2000). 

Pdongaîion ofPR and QT iatavafs wae  not mffe~ted for changes in heart rate since a 



consisteat relationslip between the duration of both PR and QT i n t d s  and heart rate in 

the rat has mt been shown @etwulu, 1981). The net prolongation of the ECG intenrals 

(La, PR, RR, md Q'Q, rtsponse to cimg is reported in milliseconds (msoc) or maximum 

paoeia cbange h m  badine- Interval measwements were conducted before blood 

sample colledion. For each intenial et every sampling time five consecutive cycles were 

avemged to detamine the average intaval prolongation at that time. 

2.4 In Vitro 

A microsocne study wu conducted to investigate the effect of IFN,&nduced 

inflammation on lidocaine metabolism. 

2.4.1. M m  bIOn'on and itlcuban'on 

The microsorne shidy was conducted using fnsh liver microsornes for both 

wntrd d infiameci rats. On the day of the experiment, methoxflurane was used to 

induce general anesthesia The portal vein was cannulated and liver perfûsed with 1-15 

percent KCI then removed, weighed, and imrnened in ice cold 100 mM suaosa 

phosphte Me @H=7.4). The iiva was tha minced, homogenited, and centrifiiged at 

10,000 g fbr 20 min The supaDataat was collected and centrifigeci at 105,000 g for 60 

min; the resubnt p d n  pelle wu resuspended and again centrifitged at 105.000 g for 

60 min. The final pellet was suspendeci in sucrosephosphate buffa(pH=7.4). Rotein 

content was determined using the Lowry method (Lowry et al., 1951). The inaibation 



momirC was a tata vohne of 3 mls and consisted of 5 mM MgC12, 10 m .  Glucose6 

pborphts 0.75 mhd NADP+, 2 U/d glucose-6-phosphate dehyârogensse. and 2 mg/& 

d h  miaasomes in 0.05 M Tris-Hn b i n a  @H=7.4). The mixture was s p W  with 

2.5 Mid lidoaiae ud g d y  shaken in a water bath et 37" C for 30 min. To stop the 

d o n  at O, 5,14 i5,20,25,30 min after starhg the incubation 0 2  ml of incubation 

m k & m  was t m d é m d  to test tubes containing 0.2 ml of 1 M NaOH The samples were 

storsd at -20° C until assayed for iidocaine and MEGX Microsomal metabolism by 

contrd Iivers were compared to that of test by measuring lidocaine concentrations and 

plotting cumulative percent metabolism of lidocaine versus incubation time. Fornation of 

MEGX by controI and inflamed rat livers was determined by measuring MEGX 

concentrations and plotting cumulative percent formation of MEGX with 30 minutes 

considerd to bc 100 % formation of metabolite versus incubation time, 

2.S.l. Phcamscu,kinetic M c e s  

PharmaCoCrinetic parmeters wen determined by WinNonlin standard version 1.0 

(Scientinc C o d n g  Inc., Apex, NI, USA). Noncornpartmental meuiods were used to 

desctrihe the disposition of sotdoi, iidocaine, and vempa.mil in which s~sumption of a 

spcQfic c o m p t m e d  mode1 is not reqaired (Giiespie, 1991). Plasma concentrations of 

sotilof enaatiomas. l i d d n e  and MEGX for mntrol and inflarned rats are compared on 

caaaabnaion veri~ur time plots in which the concentration scaie is loganthmc. The AUC 



is d d a t e d  usine the trapeaoidal rule. The AU&, is determimi f k m  CLvJB where 

Cu is the hwt point on the c0ncentrafio1~-time auve and B is the terminai elimination 

rate amstuû, which wu, caicdoted using at least three points in the log-Iinear tennind 

p b  of the pluni. concentratio~btime aim The oral clearance (CUF) is caldated 

usbg DodAUCog where F is the o d  bioavailability. The oral volume of distribution 

is estimateci h m  DosdAUL*fJ. To detemine the m vibo correlation between 

l i d d n e  metabolism, f o d o n  of MEGX and incubation tirne, cumulative percent 

metaboiism of l i d d n e  and formation of MEGX wen fitted to a Hill equation using 

SigmaPlot for Windows version 4.0 (SPSS Inc., Chicago, IL, USA). 

XSe 2 Phrinnacodynmnic W c e s  

To determine the correiation between dose of sotalol and ECG interval 

pmIongaîion for the dose-response study the effect of escalating doses of sotaiol racemate 

on PR and QT interval prolongation were fitted to a Hill equation using SigmaPlot for 

Wndows version 4.0 (SPSS Inc., Chicago, IL, USA). The area under the eEect curve of 

intemai prolongation during the sampling period was t~ncated tiom O to 6 h (AUECoa) 

fbr W o l  and O to 3 h (AUEC&) for lidocaine and calailateci using the trapezoidal rule. 



Seitisticat ignifiance was evaiuated using a Shidmt's t-test by cornparhg 

coatrol to kflamed rats. Non-linear regression enalysis was used to d e t d n e  the 

rdtrlucicy of c w e  fittiag for the dose tesponse ames and miaosomal study. Lmst 

squares ngrsariou d y d s  and Pearson's comlqtion coenicient was used to assess the 

significance ofthese relationships Ail tests were conductecl with a level of confidence set 

at H . 0 5 .  The data an reported as mean f standard deviation. 



Chapter 3 

REDUCED PADRENERGIC AND POTASSIWM CHANNEL 

ANTAGONIST ACIlVTLlES OP SOTALOL IN RATS WITH ACUTE 

AND CIfROMC LNFLAMMATORY CONDmONS 



3. I ResuIiS 

At approrcuaatety 10-14 days atta intralymphatic inoculation with 

~ b o c t e r i u m  mm, sLin nodules on the ears and ta& as well as fore and huid paw 

swdling were ao2ed. The AI scores ranged fiom 10.12 indicating moderate adjuvant 

urhiitia Tmaûnent with resuited in signScantiy greater couats of segmenteci 

neutrophils as comppnd with controt rats (Table 3-1). 

From plots oftgcemic sotalol doses versus prolongation of PR and QT intervals in 

htalthy rats the 40 mglkg dose was chosen for phatmacokinetic-pharmawdynamic 

shidies since i t  produced &ects in the ascending phase of the dose-response airves 

(Figure 3-1). 

To detamine the effed of inflammation on ECG response to sotaiol both 

indmdual daîa points (Figure 3-2 and 3-3) and A U E L  (Table 3-2 and 3-3) wae 

stdsticaily anaiyzed. No significant differences in baseline PR and QT intervals were 

fiund between the contrd and inflamed rats (Figure 3-2 and 3-3). These basdine values 

were close to those pdously nported (Detweila et aL. 198 1). With regard to heart rate, 

howevsr, despite similar baseline values in healthy and IFNao.-treated rats, chronic 

uthntis causa a eignincantly greater baseline value (Figure 3-2). Sotah1 reduced heart 

rate in both groups ofratg The rate raurned to baseline values in 6 h (Figure 3-2 and 3- 

3). No signincrnt dietences in the e f f i  of sotal01 on hem rate was noticed between 

contds and eithr rots with adjuvant arthritis (Figure 3-2) or the m e l y  intlarned 

rnimilr Figure 3-3). On the otha han& the influence of sotdo1 on PR and QT intervals 

was  si^^ fess p r o n o d  in both chonic Figure 3-2 and Table 3-2) and l l~~feIy  

inflanmi figure 3-3 a d  Table 3 3 )  rets as comppnd with controis. As expected, while 
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both rscemic md R-sotdo1 pmlonged PR and QT intavals and S-sotalol lengthened only 

QT h m a î  (Figure 3-3 and Table 33). 

P-bts of abct vasus sotaiol concentraaton exhibited high degrees of Mnability. 

Neviettbeless, PR snd QT intervat-concentration relaîionships were in g e n d  sigrnoidal 

in aupt oa the otha hnd heart rate concentration curves were betta desaibed as a 

counta-clodrwise hysteresis (Figure 34). Attempts to collapse the latter fiiiled due, 

Pemsps, to excessive variability. No finther interpretation of pharmacokinetic- 

pharmdynamic data was made due to variability. 

As anticipatexi chronic and acute inflammation did not influence 

pbormacokinetics of sotal01 enmtiomers after administration of racemate and 

stereuisomers (Figure 3-5 and 3-6, Tables 3-4 and 3-5). After administration of sotalol 

riupnate to heaithy and infiameci rats the AUC of both R and S-enantiomers were not 

different thus disposition was not stereoselective (Tables 3-4 and 3-5). 

The present data suggest reduced sotdol potency to protong PR and QT intavals 

in rats with infiammation. This may be due to an altered pharmacokinetics or a reduced 

raccptoc cespoasiveness. The former aplanation can be mled out sinœ the 

phinnicoWcs of sotdo1 nmained unaffeded by inflammation (Figure 3-5 and 3-6, 

TabIes 3 3  and 3-4). The obsaved lack of an idammation-induceâ pharmacokinetics 

dtedon wu, expected. W o l  is negIigibIy plasma protein bound (Belpaire et al., 1982) 

mi is almost compteteiy deand via the rend p-y (Anderson aad RystowskyI 



1999'). Hence, the two m@or infiammation-induced changes Le., inaeased m m  M G  

a d  dccmsed inthsic hepatic clearance (Piafsiry et a%, 1978; Belpaire et d., 1989) do 

Dot pky any signifiant d e  in deuaace of the dmg. This suggests the decreased 

nsponsc to the cardiovascdlar dnig in the presence of inflammation is due to a 

phnnrcodyaamic ratha thDn a pharmacokinetic diseasadn>g interaction, 

A series of published in vibo data may help explain our hr vnto observation that 

suggests reduced pot- of sotdol. Exposure of isolatcd cardhc myocytes to pro- 

intlammatory cytokines such as L I S  (Gulick et al., 1989; Lui et &., 19993 and TNFa 

has ban shown to decnase j3-adrenergic responsiveness. Nitric oxide produccd by 

Mltncuk myoqtes has been suggested to contribute to the LIS-induced nduction in 

activity (Rozanski and Witt, 1994). However, decreased 8-adrenergk 

~ v e ~  has aiso been observed independent of increased nitric oxide production 

(Mul ier -Wh et ai., 1998). Thenfore, the observed reduced potency of sotal01 to 

probng PR intsrvol in inflamed rats is due, perhaps* to an altered cardiovascular receptor 

fiinction 'causing an ahration in $-adrrnergÏc receptor configuration, density a d o r  

cbanicai messenger actîvity secondary to an over-expression of pro-inflammatory 

cytokineo. 

Tbe bigha basdine heart rate obsemd in the adjuvant rat is perhaps due to 

hi* k I s  of a&cbtamines that may be a contning -or to the deaecised PR 

iniavil pdongation afta administration of sotalol racemate. NoradnaaIine as a 

ctiatnFdy seiccth Bi-adrenergic ftceptot sgonist downrepuiates 81-adrenergïc teceptors 

k rrts with pheodiromocytoma by altering receptor bction and de- (Tsujimoto et 

& 1984). Caa~equedy, the enhanced sympathetic tone in the adjuvaat rat may 



conbniute to the reduced respoasiveness of the PR interval to sotaloL However, a f k  

* * d m m t d o n -  of sotai01 racemate, rats with acute inflammation exhibited a amilu 

ndudion in PR interval prolongation as that observed in chronic arUintic animals. 

Tlicrefore, the enbanceci sympathetic tone in the rat with chronic arthritis did not 

sigaüicanrtly wntrt'bute to the nduced PR intaval responsiveness to sotal01 memete. 

Beta-ahnecgic oatagonists bave been found to be less efficacious in tnating 

hypmmion in the eldedy as compared with younga individuals (Brodde et al., 1995; 

Messedi et al., 1998; Taiao et al., 1990). Interestingly, it has been show that there are 

i n c d  levels of d n  pro-idammatory cytokines [Le., TNFa, IL-1, IL-61 in the 

eldaly @~uullsgmrd et ai., 1999; Liao et al., 1993). in addition, olda individuals taking 

bblodra atenolol do not appesr to acperience benefit of reduction in cardiovascular 

disesse or moitality (MRC Working Party, 1992). It appears timely to investigate 

whetha these obrravations are linked to altered cytokine expression as we have repolted 

in our animal models. Clinically, thenfore, dtered responsiveness to 8-adrenergic 

antago~sts may ocair in various ciraunstances where increased concentrations of pro- 

inflammatory cytokines are pcesent such as individuals having inflarnrnatory conditions 

and in the eldaiy. 

Our data dso suggest 8 dowmregulation of potassium channel receptors in 

addition to thit of badnaagic receptors in both chronic and aaite inflammations. 

Racemic sotalol antagonizes both these receptors (Anderson and Prystowsky, 1999). 

both PR and QT intervais are prolonged and idammation seems to d u c e  the 

&kt of sotai01 on both of these ECG intavals. Nevertheless, to confinn the &bct and to 

urmphdly  demoastrate rechlced respoase of potassium channel feceptors in 



mnftmmRtion, we tOOk advantage of stereochemistry of sotalal. The eEect of S-satalol 

the spacinc potrPsami channe1 blocker d o m e r  (Anderson and Prystowsky, 1999), on 

QT imsarvals was aiso reduced by innammation. It should be mentioned that both mxrnic 

d R - W o l  Plso t f f d  QT intentai but, as expected, this was accornpanied by a 

similar &t on PR i n t d  due to th& Iack of specificity. In support of our finding, 

noait(y it has ban shown that administration of EN* to rabbits ventricular myocytes 

ceduces in vitro ATP-sensitive potassium charnel activity (Nishio et d, 1999). A 

potassium chamel down-regulation has dso been observeci m vim using ventricuIar 

myocytes . h m  rats that were subjected to an experimentaily-induced myocardid 

infni.ction (Kaprielian et d., 1999). Interdng1y, pro-inflammatory cytokines have been 

reporteci to be elevated &a myocardial infiction (Neumann et al., 1995) this is coupled 

with a reduced panssium channel activity in the myocytes a reiationship between these 

two Eictors, ahhough unknown, is plausible. Similarly, overqression of pro- 

idammatory cytokines and potassium channel dom-regdation is observeci in patients 

with congestive hem fiiihire (Seta et al., 1996; Nabauer and Kaab, 1998). This increased 

expression of inflammatory mediators [i.e., TNFa and I L 4  may possibly decrease 

potassium channel lictivity which, in tum, results in the electncd instability and abnomial 

VeritricuIar fepofarhtion obsenred in heart f ~ l u r e  (Nabauer and Kaab, 1998). Hence, the 

b m a d  QT intaval pdongation in wtalol-trested rats with amte and c h n i c  arthntis 

is dso due. pahaps, to i n d  expression of pro-infiammetory cytokines. 

In addition to m e r g i c  and potassium channel recepton cardiac calcium 

channei responsiveness appears to be & i e d  by increased expression of p m  

mflammntnry cytokines (Ma .  et d, 1996). InterestkgIy, Abernethy a al have shom a 



derreared s e n & .  of calcium channeIs to verapamil in older individuals (Abernethy et 

al., 1993) md obeae hypatensive patients (Abernethy and Sch- 1988). Inaeased 

apnrrion of pro-Ùiammiitory cytokines reported for eiderly (Bnnuisgaard et al., 1999; 

Lim et ol, 1993) a d  obese aibjects (Visser et ol., 1999) may also explain the reduction 

in cal- Channel sensitivity. 

The decreased B-adrenagic nceptor and ~8fdiac potassium channel fùnction was 

o b d  in both rcuta and ciuonic inflammation. Anite infiammation is characterizcd by 

sudden onset, short d d o n  and is accompanied by production ofacute phase proteins by 

the Ik Wuby, 1997). Acute idammatory disease was induceâ by inoailating rats with 

IFN- which stimulates Th1 cells to secrete pro-inflammatory cytokines IFNy and IL2 

cdg and Peschel, 1996). Administration ofthe cytokine caused aaite inflammation since 

rats i m k e d  with IFN* developed an infiammatory response within 24 h which was 

coRfirmed by an incnesed segmentai neutmphils count compareci to control rats. In 

addition, the inflammation subsideci within 1 week thus is a mode1 for acute 

inflammation. Uniike ma-induced inflammation, chtonic inflammatory diseases such 

as that induced by injection ofA4jcobcu:teriwn hiyricum are associateci with a persistent 

antigea that resists phagocytosis (Kuby, 1997). The bacterium was suspended in squalene 

*ch proiongs the axposure of thU antigen to the rat ànce it is released slowly and the 

@crie bindar phagocytosis of dit i b @ m b a t c t e  (Whitehour et al., 1974). Thus, a 

cbronic inflamamtory response that took 14 dpys to dewelop was obsmd in the 

brctsrium treated rat Inflammation c8used by injection ofthe adjuvant resulted in greater 

L inflammatoty respollses and tissue damage than obsaved affa IFNolr inoculation 

M-ry cytokines e.g., Ei5fy and TNFa, contribute to the dmIopment and 



progress~*on of c h &  UIflmmatory diseases, which, in tum. resuhs in activation of 

macrophages a d  subsapent tissue damage (Kuby, 1997). Intdngly, sotalol 

pbarniacodynunics was affecteci by both chnic  and acute idammation despite the 

insasat d i f f i  between these two types of inflammatioa 

The tedcTced potency of sotdo1 in rats inoculateci with IFN* may also be 

considemi a dnig interaction since IFN- and other cytokines are used to treat various 

diseases. The clinicai significanœ of our observation remains to be exploreci in patients 

with conditions such as chronic active hepatitis B and rend ce11 carcinoma who are 

recipients of IFN- therapy. Interdng1y, in these disorders, development of atthritis as 

r comp1ication of IFNoOir treatment, bas k e n  reported (Nesher and Ruchiemer, 1998). 

Thereforc, IFN* has an important mie in both the pathogenesis and treatment of dise- 

and the aitered sensitivity of cardiovasailar recepton to sotalol observed in this study 

may be extrapofated to a dni-g interaction in addition to dmg-disease intaaction. 

The rltsrrd nsponse to sotalol in the rat with both acute and chronic 

inflammation emphasizes the importance of disease-dmg interactions. As with most 

drugs there are discrete sub-populations (e-g., disease, age, concurrent therapy) for whom 

concentration-effect nlationships differ h m  what is commody seen and understood 

@mgr, 1998). Interestingly, idammatory status has been show to determine the clinical 

course of post-mydiai i n f d o n  patients who have unstable angina and nceive 

staadird dnig therapy (Verheggen et 1, 1999). In addition, m o W i  in pst-myocardial 

inf;itr?tinn was grclita in individuais with higher concentraîions of inflammatory rnarka, 

CRP, Mependent of h g  m e n t  (PietiIa et d, 1996). Therefore, our observation in 

the rat mry shed light into the dabitlity in response to d o v a s a h  agents in the 



tnrtmant of m o n  and urhythmia- in patients with eiewted pro-idammatory 

cytokine ccmœntdons due to a variety of pathophysiologid changes. 

3.3 %=brsiopls 

InfIammation caused by administration of Mycobocterium buwczîm and IFN* 

did aot alter pharmncokinetics of sotaiol afker administration of racemate and 

stereoisomers. This indicates that reduced response to cardiovascuIar dnig in 

inflammation is not phermacokinetics dependent Both aaite and chronic inflammation 

nduced the H i  of R-sotal01 and racemate on PR intervai and decreased the potency of 

otaeuimmers a d  racemate on QT interval. Therefore. acute and chronic infiammations 

altemi m e r g i c  and cardiac potassium c b e l  function. The nduced p-adnnergic 

and cprdiac potassium channel activity in the idamed rat despite no changes in 

enantiomer concentrations indiates that pharmacokinetics may not always refîect 

pharmscodynamics* 



Table 3-1: Mean f standard deviation of hematological parameters after second injection 

ofme 5.0 x 10' wts subcutaneous 3 h before orai dosing of racemate (40 mgkg), R 

(20 mgkg) ad S (40 m g )  sotaioi. Contml and inflamed rats (iFo/group), *denotes 

Lymphocytes (%) Neutrophils (%) Segmented Neutmphils (%) 



administration of mœmate (40 mgkg$ to wntrol and chronic adjuvant arilnitic rats 

(Wgroup). Values as arpressed as mean * standard deviation, 'denotes significady 

PR Interval QT I n t d  Heiut Rate 



TabIe 3-3: Truucated area mder the &ect culyes h m  O to 6 h following o d  

PR Intervat QT Interval Heart Rate 
(msecxh) (mstxxh) (msecxh) 

Control Inflmed Controt Mamed Control Mamed 



TabIe 3-4: Mean f standard devîation of pharmacokinetic indices following 

administration of 40 mflg racernic sotalol to healthy and chronic arthritic rats, no 

signiscmt differences w a e  found betweea the two groups (pM.05). 

8 Time at maximum observable plasma concentration 

M a x i m  observable plasma concenm*on 

' Terminal elimination half-Iife estimated fiom at least 3 data points of each rat 

Truncated are8 under the plasma concentration-tirne w v e  fiom O to 6 h 

Area under the plasma concentration-time nirve extfapoiated to infinity 

'oralcIe8~1tnce 

II Oral voIume of distriiution 



Table 3-5: Pbarmacokinetic indices following administration of racemate (40 mglkg), S 

(40 II@& and R (20 r n h )  sotdol to control and treated rats (LI=6/group)). 

Vahs  n Qcpnssed as mean f standard deviation, no significmt ciifferences were found 

basween controt Md innemeci rats (pXI.05). 

-orner 
S-sotdo1 1-54 I 1-38 f 7-9 1f 8.77I 29-11 f 27-65 f 

126 0.3 1 2.46 3 -44 5 .O3 8.44 
R - d o 1  1-79 I 1-54 f 3.42f 3.80f 13.45f 14.00f 

1-12 1-26 1.19 2.37 3.69 7-93 
"Me at maximum observable concentration 

' ~ucirnurn obsavable concentration 

'Tmsated a m  under the plasma wncentration-time cume fiom O to 6 h 



Figure. 3-1: Maxiînm prolongation of PR Wl](O) and QT 0 intenrals after 

Ildministration of various doses of sotaIol racemate. EmK bars represent standard 

deviation of the mean, lines through the data points represent the best fit using hyperbola 



Heart Rate 

O i 2 3 4 5 6  

Time (h) 

Figure. 3-2: Time anuses of sotai01 e f f ~  folIowing administration of single oral doses 

ofncemic sotalof (40 mgkg) to healthy and arthritic rats. Controt (O) and arthritic O, 



Racemate SSotalol RSotalal 

(h) Time (h) The (h) 

Figure. 3-3: Time courses of sotal01 effect following administration of single oral doses 

of 40 mgkg d o 1  racemate, S d o I  (40 mgkg) and R-sotaiol(20 mgkg) to oontrol 

md IFN* tteated rats. ControI (0) and infiameci O, aror bars represent standard 

deviation of the mean, denotes SisnificantIy different (fl.05). 
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Figure 3-4: ECG intervai vasus plasma concentration of sotalol &er administration of 

raœmate (40 mgllrg) to contro1 and chronic arthntic rats. The data points are c0~ected in 

temporal orda commerrcing fiom the badine U i t d  at time zero. 



Time (h) 

F i m .  3-5: Plasma sotal01 enantiomer concentration-tirne plots in control and rats with 

chronic uuintis foiiowing racemate (40mflg) oral doses. ControI R O, and S (CI), 

urthrik R (A) and S 0, aror bars represent standard deviation of the meaxt no 

siBaifiamt diffkrences ktween control and inflarneâ rats are observeci (p0.05). 



Racemate 

0.1 L 
O 1 2 3 4 5 6  

Time (h) 

Figure. 3-6: Plasma sotai01 aiantiomer concentration-tirne plots in control and EN* 

tmttd rats following racemate (4OmpnCgX S-sotaloi (40 mgkg) and Ri5otalo1(20 m@g) 

~ d d o s e ~ .  Contd R (O), and S (A), treated R 0 and S (Q m r  bars represent 

strndrrd deviation of the mean no signifiant differences between control and inflmed 

rats are observecl @%OS). 



DISPOSITION OF LIDOCAINE AND CARDIAC SODIUM 

CHANNEL RESPONSIVENESS IS NOT KNFLUENCED BY 

INIERFERONar2.-INlDUCED ACUTE INFLAMMATTON 



4.1 Resuhs 

Rats iaoailated with ENao. had signifïcaatly greater amounts of segmeated 

aeutmpbils cornpared to controls (Table 4-1). Figure 4-1 depicts s taeose ldve  

m d l i g m  af venp.mil endomers and reduction of oral clearance o f  R and S 

enanhimm in the inflamed Rt. As rbown in Figure 4-2, whle no differences in heart 

rita are observeci ôetween contrd and test rats administered venpa.mil, significantly l e s  

prolongation of the PR intaval is seen in the rat with idammation. 

IM<m-induced inflammation did not aiter phannacokinetics of  lidocaine or 

MEGX (Figure 4-3 and Table 4-2). Phmnawkinetic parameters o f  lidocaine are close to 

those prariously reporteci Born a dose-dependency study which demonstrated linear 

pbinnrcdrinetics for the 50 to 90 m@g dose range (Supradist et al., 1984). 

To ddamim the &éct of acute inflammation msed by IFNa treatment on 

ECG rssponsc to liàocltl*ne both individuai data points Figure 4-4) and AUECo.jb (Table 

4-3) werc dsticaily d y z e d  No significant diffaences in baseiine PR. RR (heart rate) 

and QT htewals wae found between heaithy and inflarned rats (Figure 44) and baseline 

&es are simiIar to pmiously reported vahes (Detweiler, 1981). No signifiant 

differences in PR and QT i n t e d s  and heart rate responses to Iidocaine were obsand 

betnncn bePIthy and infimed rats (Figure 4-4). The o f  PR intami 

proiongation ans not différent cornparhg heahhy to inflamed rats (Figure 4-4, Table 4- 

3). SiiIrr to PR i n t d  A U E h  of QT intemai and heart rate reduction after 

administration düdocaine was not altered by the cytokine-induced inflammation (Figure 

44, Table 4-3). 



Plots of  ECG intavPl respoasu, verais lidocaine concentration exhibiteci high 

vlv~*ability. For both PR d QT i n t d s ,  a sigmoidal nlationship between interval 

mponsc a d  lidoaine conceritration was observed. A hystaesis ioop with counta- 

cioctoirise rotation fix kar t  rate redudion versw lidocaine concentration was dso 

obamd, howevet, attémpts to collapse the hysteresis filed due to high variability. Due 

to the wiability. no M e r  atîempts at phannacokin&c-phannacodynamic modeling 

were wnducted, 

Microsoma1 oxidative activity was evident for both cantrol and ENcb. treated 

rats- Th cumdative percent metabolism of Iidocaine and percents of total MEGX 

fbrmed over 30 min of incubation was not affecteci by aade inflmnmatory disease (Figure 

4-5). 

Lidocaine, propranolol and verapa.mil are candidates for inflammation-induced 

phiumacokinetic changes since these dnigs are highiy bound to AAG and undergo 

extensive presystemic hepatic metabolism. However7 unlike propranolol and verapamii, 

lidocaine is rnainiy metabolized in the rat by CYP2C isozymw and blocks fiist sodium 

c h a ~ t l s  in Rdânjie fibas and ventricular muscle (McEvoy. 1999). Thadore, to 

datsrmine wbether amte inflmmation caused by administration o f  IFN* innuences 

CYP2C subfimily anâ cardiac sodium chamel activities Iidocaine was administered to 

halthyrad8cuteIyUinamedrats. 



oni bioavaüiüity of lidocahe is low due to high first-pas metaboüsm, tberefore 

to trrit and pmait  ventricaiiar Mfiythmia 8ssocisted with myocardial infimtion, surgery 

anâ verdridar tachycacdia lidoaine is rdministered intravenously (Pieper and Johnson, 

1992). Despite irdrsvenou edministration of lidocaine to patients with cardio~scular 

diwuq by gMng lidoaina oral@ W t h y  Md inflarned rats, one can use l i d d n e  as a 

pro& to invesfigate t&e d i  of amte infiammation on CYP Wozyme firnction. Oral 

administration is essential to evaluate the effect of inff ammation on h g s  that have a 

hi& first-jmss nietabolism (Betpain et al., 1989). Since decreases in intriosic hepatic 

c l c ~ a c a  of highly metabolized dnigs, generally result in decreesed presystemic rather 

th.n systemic clearance (Giboldi and Pder ,  1982). For ucample, afta intravenous 

sdministriition of proprandol disposition of dnig was similar in healthy and inflamed 

rats, howewr, a b  oral administration inflamed rats had significantly greater 

c o d o n s  of proprandol enantiorners compareci to controls (Piquett&liller and 

Jl ini l i  1993)- In iddition, innaaunation reduced presystemic but not systemic clearance 

of mtopmlol a drug that also undergoes extensive tint-pass hepatic maabolism 

@elpaire et d., 1989). Thdore, lidocaine was administered oraily to essess the eEect 

of acute inflammation pduced by IFN* inoculation on hepatic isozyme ninction. The 

major metabdite of lidocaine MEGX was qwtitated in order to fiirther oramine the 

&cct of irifllltnmtion on isozyrne nuiction in addition, MEGX possess approximately 

83% of the antt*arrhytbmic adivity of parent dmg thus formation of this metaboIite 

sigdiclritly contnUes to ECG iespollses after administration of pannt dnig 

~ ~ e r o ,  1989). 



It is raported thot disposition of lidocaine is not altered by IFN6 trestment 

@bbr et cil, 1994). Hbwever, Snœ lidocaine was dministered via the ïntravenous 

mute, thasfore, the &ect of acute inflammation on isozyme ninetion could not be 

deLermined. However, suspecthg that amte infiammation may not alter lidOCZUne 

metiibalirm, vcrrpamil was uscd as a positive control as pmiously IFNa-induced 

inflammation was show to reduce oral clearance of verapamil and sensitivity to dnig 

W y o  et ol, 19%). Wth this in min& since lidocaine phannadcinetics is reporteci to 

not be altered by IFN,&nduced acute inf'lammatocy disease receptor response to drug 

Le., d i a c  sodium channei may be detennined in the absence of complications of altered 

pharmacokinetics. 

In rats Ndeaikylation of lidocaine to MEGX is catdyzed mainly by CYP2C 

subfiuniIy Pa, CYPZCll] with CYPIAZ, 281, 3A2 and 2D1R having l e s  significant 

roles (Masubuchi et al., 1991; 1993; Oda et al., 1989). Therefore, to detennine the effkct 

ofIFN*-iaduced inflammation on CYP2C aîtivity concentrations of both lidoaine and 

MEGX in wntrol and inflamed rats wae compareci. There a h  exists a genda difference 

in f i , d o n  rates of lidocahe metabolites (Lennard et al., 1983) acïsing fiom prefaential 

expression ofCYP2Cll and CW3A2 in the male rat, but not in the fernale rat. Hence, 

d t  rsts were uped in this saidy (Smith, 1991). Concentrations of major metabolite, 

MEG' wac also mtrutind &ce f o d o n  lcinetics of MEGX is reported to be sensitive 

to hepatic imzyme M o n  @sen et d, 1997; Pieper and Johnson, 1992). Interdngly, 

&mation of MEGX der lidocaine administration has been used to assess metaiboiïc 

impogment in severe sepsis, üver fûnction, and enzyme activity before and &a liver 

mnspfantation @en et al., 1997, Reicbd et d, 1997). 
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Despite a &ced oral clesrsnce of verapmil enantiomers in the rat with 

inflammation a s e d  by administration ofthe cytokine similar conœntration-time cums 

of lido* MUiX tid the AUC ratios of MEGX to )idocaine in healthy and inflamed 

rats waa observe& This indicates that acute inflammation causexi by the cytokine haâ no 

&bct ou NdeadqIation of lidocaine to MFGX Aithough 0 t h  models of idlemmation 

may Suence CYPZC subfamily differently (Morgan, 1997), IFN- administaed 

subcuf8~eow to rats in this study did not significantly alter Iidocaine metabolism or 

MEGX formation, In support of this finding, our laboratory has reportai acute 

inflammation causeci by administration of IFN- did not alter presystemic clearance of 

nifedipine that U also metabolized in the rat by CYP2C subbily (Eliot and Jamali, 

1998; Smith, 1991). Similarly, the r d t s  of the m vitro study reflect those of intact raf 

s u m g  tbî acute inflammation causeci by administration of the cytokine does not 

a h  metabolisrn of Iidocaine. 

The present data indiates a selective effect of anite inflammation ceused by 

administration of IFN- on pnsysternic metabolism of cardiovasailar dnig and 

rrsponsiveness of cardiac ion channels. Interestingly, prolongation of the PR interval in 

the nt M be produced by both sodium and calcium channe1 blockade in the 

atrioventndar node (Pm et ai., 1992). Deaeased prolongation of the PR interval was 

obmved with inflamed rats administered verapamil indicating nduced semsitivity of 

carchc d a U m  c b e l s  in the atrioventridar node. This perhqq is due to a h d o n s  

in calcium chmid configuration, deasity or chernical messenger actnrity (Opie, 1998). 

Udike verapamü, prolongation of the PR i n t d  a f k  lidocaine administration was not 

signinantly d i n i  for Uiflamed compareci to heakhy rats suggesting that aade 



Manunation causai by mou. trcatment seledivdy ahered cardiac ion channe1 adnnty 

in the a5eiowntricuiar node. 

The selech a i  of acute inflammation on PR i n t e d  nsponsiveness to 

CIUdiOvascular dmg wrs rccompmied by similas heart rate reductions in heatthy and 

inflamed rats dministered lidocaine and verapamil. Interestingiy, multiple regdatory 

m- comd &art nte such as sympathetic and pansympathetc n m u s  systems 

and various l d  chemicol msssengas (ûpie, 1998). Thus, an idammation-induced 

&ration in heart rate response was not observecl due, perhaps, to these complex 

physblogicai mechanisms adjusting heart rate responses to verapamil and Iidocaine in 

herlthyud MarnediaW. 

SimiLr to the PR i n t d  and heart rate, responsiveness of QT intervals to 

Iidociiae wu not influenced by LFN*-induced inflammation. Veraparnil h d  no efEect 

on the QT intend This was anticipateci since verapamil blocks L-type calcium chanmls, 

slows conduction and prolongs refhctoriness in the atrioventricular node (McEvoy, 

1999). Pmiously we haâ reportecl that ENalr-induced acute inflammation reduad 

ceqmsiveness ofcardiac potassium channels to ~adrertagic/potassium channe1 blocker, 

d o l  (Khmtycki and Jamali, 1997). Pharmacokinetics o f  sotal01 was not altend by 

idammrtion thus d d  prdangation ofthe QT interval in the inflamed rat observeci 

iAa administration of sotalol indicated a reduced cardiac potassium channe1 response. 

Tb iack of effict of on sod'irn channels suggests a selective e S i  of the 

cytokbhduced inflammation on ventricular ion chanml activity since sïmilar to 

SOtaloI, phumrcoLinetics offidocaine were not aitered by the pro-inaemmatow cytokine. 



TherefOre, similsr pharmacokinetics and pharmacodynamies of lidocaine in healthy and 

inoculated rats idkates a sdective effect of the cytokineinduceci idammation 

on CYP bmzpes and Clvdiovascular feceptor. 

4.3 c e -  

As expec&d inf'lamdon caused a significant decrease in verapamil clearance 

but d u c d  the &ect of dnig on PR intend. A selective effect of inflammation on CYP 

isozyme and c8cdiac ion channe1 function was observed ànce lidocaine pharmacokinetics 

and pharniaÊodynamics was not a h d  by the cytokineinduced inflammation. 

Thaefon. &ect of inflammation on phannacokinetics-ph8fltlacodynmics of 

c a r d i o d a r  dmg can not be generalized since the influence of iMammatory disease 

on h g  disposition and activity is not universai. 



Table 4-1. Kématologïcai parameters afkr administration of 2 doses of EN* 5.0 x 10' 

Rats ussd for in vibo -riment 



Table 4-2: Pharmacoitidc indices foilowing oral administration oflidocaine (90 m&) 

to c o m d  and inflmed rats. Values are expressed as mean f standard deniaiion, no 

significant diffixences wen f d  betwem controI end IFN* inoculatecl rats (iyo(iyoOS). 

AUC Itatioh . 3,50f1,16 4.18 i 0.79 

' Matimum observable piasma concentration 
Time et maximum obsemab1e plasma concentdon 

a Taminrl diminatiozt wlife estimated fiom at leest 3 data points ofeach rat 
' Tnmated area d e r  the p h m a  concentration-the aim fiom O to 3 h 
Aret d e r  the p h  concentration-time m e  extcapohted to intinity 

f~c le8rance  
Oral voiume of distn'bution ' AUC Ratio of MEGWLidocaine 



Tuble 4-3: Tnmated area under the eff- curves fiom 0-3 h following administration of 

iidoahe (90 ragllrg) to contrai and IFN- inocdateci rats. Vahies are e x p d  as meon 

f amdard deviation, no sieRificant diniences were noted between healthy and inflamed 

PR Interval QT Intaval Heart Rate 
(- xh) (= xh) (= x hl 



Figrne 4-1: Efféd of inflammation on verapamil oral clearance following administration 

of varapamil(20 mglkg) to healthy and inflarned rats. Emr bers tepresent staadard 

d d o n  of the mean, *denotes signincantly différent between wntrol and inflamed rats 

v - 0 %  



Figure 4-2: Wect of inflammation on PR intemi prolongation and heart rate reduction 

foliowing adminismion of verapamil(20 mgkg) to healthy and inflamed rats. Error bars 

represent studiird deviation ofthe mean, 'denotes significantiy diffmnt between corn1 

Md inamed nits @cO.os). 



4 Lidocaine - Control 
-c Lidocaine - IFN, 
-+- MEGX - Control 
+ MEGX - IFN, 

Figure 4-3: Piasma lidocaine a d  MEGX concentration-time plots for control and 

Uiamed rats ieiiowing oral adminimon of 90 mgkg lidOC8ine. Plasma concentrations 

are expr*aed as mean * standard deviation No significant differences bnween comf 

md itiflftmed nLp are observed (iuo.05). 

0.1 I I 1 

O 1 2 3 

Time (h) 



QT lnterval 

Heart Rate 

Time (h) 

Figrire 4-4: Tirne courses of Iidocaine effect following administration of single oral doses 

ofüdoallie (90 mgkg) to healthy and inflamed rats. Control (O) and innamcd O, ara 

brrs repreaent standard deviation of the mean, no ssnificant dBerences were noted 



Lidocaine 

MEGX 

O MEGX Contrd. ?=0.99?. p<0.0001 

0 MEGX IFN,, ?=0.998, pc0.0001 

O 10 20 30 

Time (min) 

Figure 4-5: Time courses of miaosow metabolism of lidocaine in healthy and IFN* 

inocuIatd nits (~6Igmup). Cumulative percent metabolism of iidocaine and percent of 

total MUiX fôrmed during incubation at substrate concentration of 2.5 pg/ini. Error ban 

qmsent scandrrd devïation of the mean, lines ihrough the data points fepresent the best 

& liaes, 



Chapter 5 

GENERAL, DISCUSSIONS AND CONCLUSIONS 



Greaa c o d o n s  of h g  in idammatory disease were discovacd 

serendipitously ckiring a study of pmpmolo1 absorption in patients with celiac disease 

(Schneider et ol, 1976). Patients with CroWs disease and rheumatoid arthritis have dso 

been reported to have bigher concentdons of propranolol than healthy individurils 

(Schneider et al., 1979). These pater concentrations of cimg in rheumatoid arthntis d 

Crohn's patients seemed to be related to the ESR a nonspecific marker of inflammation. 

Shody dter these obsexvations altered disposition of propranolol and other 

c u d i o ~ l a r  dnags in individuals with various types of inflammatory disorders were 

nported QendaIl et d., 1979; Schneider et al., 1981). In addition to human studies 

inflammation-induad changes in pham8cokinetics of cardiovascular dmgs have also 

been obsaved in laboratory animals (Belpaire et al., 1989; PiquetteMiller and Jamali, 

1993). 

Mechanisms proposecl for these greater dmg concentrations in Iaboratory animals 

and petiwits with infiammatory disease were g r a t a  binding of dmg to plasma proteins 

and &ced Mmic  hepatic clearance. Piafsky et al-, in 1978 ~ p o n e d  that the aaite- 

phase protein AAG was elevated in individuais with Crohn's disease and haimatoid 

rrtlnitis. Interestingly, gnata concentration of AAG in Crohn's disease and rheumatoid 

ddtis was negathely comlated with îhe fiaction ofpropranolol (Piafsky et d, 1978). 

With tbU in miad, devateci h g  conceintrations in infiammation were thought to be due 

to UwxPJed bindùig to p b  proteins (Walker et crl, 1986). Howmr, altend 

dieposition of cardiovascuIar dnig Ui laboratory animals with inflammation has also been 

qtained by a reduction in dmg metabolism. BeIpaire et d, in 1989 reporteci that 
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presystemic clearance of metop101 was less in rats with ûupeatinainduced artWh. 

Maopdot is W g i i l y  bound to pIasma proteins and undergoes extensive first-pass 

~~ the nduced o d  clearance obsesyed in the duï t ic  rat was explaineci by a 

duetion in iatnasic hepatic clearance (Belpaire et al., 1989). A possible explanation for 

the reduced metaboIism of drug is iacnased expression of pro-idammatgr cytokines 

e i n g  an elevation of nitric oxide which, in tum, oxidïzes heme groups on CYP 

isozymes ùihibiting enyme activity (Morgan, 1997). Interestingly. a positive condation 

baween AUC of propdlol  emtiomers and severity of adjuvant arthntis has been 

npated (Piqu~Mil ler  and Jamali, 1995) thus severity of infiammation contributes to 

the adnt of the reduced oral clearance of dnig. Therefore. pater concentrations of dnig 

in laborasory Mimals Md patients with idammatory disesse are amibuted to increased 

binding of drug to plasma proteins and reduced hepatic clearance* 

Despite concan expresseci in 1982 over well-being of patients with infiammatory 

d h s c  who have pater concentrations of these cardiovascular drugs few hidies to date 

have ucaxnined the effeet ofintlammation on drug responsiveness (Schneider and Bishop, 

1982). Tbr# studies reporteci a reduced 8-adrenergic response to propranolol in adjuvant 

rats tnrted with isopmterenol. It was thought that the rduced nsponsive to proptanolol 

was due to an ieaeased binding of propranolol tu AAG preventing drug fiom interacting 

with -c receptors (Belpaire et al., 1986; Barber et al., 1983; Walka et al., 

1986). M y  the e f f i  of infiammation on phamamkinetics and pharmdynamics 

of verap8mil and prop01ol were investigated (May0 et al, 1996; Guirguis and Jamaii, 

1996). Grraia amcentmtions of vaapamil d o m e r s  were obsemed in fabonitory rats 

with ENa-iiiduced inflammation c o m p d  to controfs (Mayo et af., 1996). 
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IntereSfiagiy, ddespe elevated concentrations of vetapamil stereoisomers in rats with 

infl- respoasiveness of cardiac calcium channels to verapamil was deaeased in 

the intlamed rat cOmpBnd to mntrols. Greater c o n d o n s  of pmpranolol are observed 

in h ra to t y  rats with i d d o 1 1  compareci to coribo(s (Piquette-Mitler and Jamali, 

1993). Despte higher h g  concentrations in rats with infiammation, a reduced 

cesponsiveness of kadfenergic recepton to propranolol was obsetved (Guirgws and 

Jameli, 19%). Interestingly, treatment with an NSAID 1i.e.. ketoprofen] reduced 

inammation and normaiized propranolol phm8cokinetics, however, the PR interval 

was d l  decreased afta propranolol administration, cornparhg healthy to aithn'tis rats, 

i n d i d g  reduced responsiveness of Padrenergic receptors (ûuirguis and Jamali, 1996). 

It was not hown whether this nduced nsponsiveness of cardiac calcium 

bels uid badrenergic receptors is due to incread protein binding or reâucôd 

"eptor responsiveness since both verapamil and propranoIoi are highly protein bound. 

In addition, the diminished actïvity of verapamil and propranoIol obsmed in the 

pnsaice of inflammation is opposite to whaî is cornmody seen and understood since 

hi* concentration of h g  is wnsidered to cause either greater effkt or toxicity. This 

suggests that wncentntiomffi rehîionships in infiammatory disease can not be fitted 

to typicai phumdnetic-phovmacodynamic nirves. Therefore, additional studies that 

examine the &ect of infiaaunation on dmg activity and disposition anr crucial in orda to 

understand the mechanisms rcspons1ibIe for i n d  concentration and altered responsc 

to dnig in uidividuals and laboratory animais with infiammatosy disease. 



Adjuvant di&b and IFN&nduced Uinammation aitered ECG fespollses to 

4 0 1  .fter .dniinistntion of both racemate and stereoisomers. The altemi fesponse to 

h g  may poanbly b explained by changes in the unbound or total h g  concentrations* 

Ho-, m phuntrcokinetic différences are noted between control and inflarned rats 

after administration of racemate and enantiomer, Mammation has been show to resuit 

in increased semm AAG and decreased intrinsic hepatic clearance (Piquette-Miller and 

J a d i  1995). Since sotalol binds to plasma proteins only to a limited degree (a%) 

(Beipaire et al., 1982) and is predominantly cleared through the rend pathway, the lack 

of &kt of inflammation is not unexpected. nierefore, the o b x m d  changes in 

pkmacodyasmics may be attributed to altered receptor sensitivity. Interesti9ngiy, this 

suggests the duced rrspo~iveness of 8-adrenergic and cardiac calcium chmels to 

pmpnndol und verapamil respectively is due to alterations in receptor fiinction rather 

than protein binding. 

Adjuvant arthritïs and inflammation caused by inoculation with ENaz. resulted in 

reduceâ Fadrenergic response to sotalol. This decreased p-adrenergic responsiveness 

may bt due to the presence of prMnfIammatory cytokines eausing an alteration in f3- 

dmneqÎc receptor structure, density or chemicai messenger activity. By Eaking 

Avantage of sterrochemistry and administering S-sotai04 pure potassium channe1 

bIockef, the efièc& of inflammation on d m c  potassium channels wss c o h d  

Reduced cadac potaPoium charme1 semitin*, to Saramiorner was observed in IFNe 

beated nit Pro-infiarmnâtq mediators released by the idammatory response may 



change funnion or mimber of C(VCÜac -wn channels. Thereforc the aitered respnse  

to drug in the innftmed rat may be rmibuted to the influence of pro-inaammatoty 

cytokines on the action of sotal01 on both the badrrmrgic aiid potassium channe1 

rccepfOfS- 

A d d  m e r g k  and cardiac potassiCum channel response to sotdol was 

observed in both amte, EN&-inducad, and chronic, Mjicobacterim buwcian-induced, 

modcls of Mammation. Innomdon csused by injection ofMycooaCteriunr bumcrmr 

tesuited in greater uinammatocy responses and tissue damage than observeci &er 

cytokine inoailation. h t d n g l y ,  sotaloi phannacodynamics were affecteci to a similu 

extent by both ci~onic and acute infiammatory disease despite inherent diffaences 

bctween these two d e I s  of inflammation, 

5.2.1. Cliaicai implications of inflammation on sotalol 

Administration of badrenexgic antagonists have been found to be less efficaciow 

in .treating hyperknsioa in olda than younger individuals (Messali et d., 1998). 

Degeased pdongation of the PR interval indicating reduced sensitivity of d i a c  

a laum channeîs to vaapMUl has b a n  reported in older patients (Abemethy et d, 

1986). This, pahaps, is due to an increased expression of inflammatory cytokines 

aff- c d b  calcium chamiel activity since increased concentrations certain pro- 

i n f l m  cytokines (Le, TNFq LI) are obsaved in the elderly (Bruunqaad et 

al., 1999; Liao et al, 1993). In addition, aItered adrenezgic sensi- to pblockas bas 
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also been shown to ocan with advancing age as seen with propranoIol Prodde et al., 

1995; Temm et cil, 1990). The Medical Research Council of Bricpin reported that dderly 

pltimtr trated foi hypertension .with ateaolol, a cardioseledve $I-adrenergic antsgonist, 

expaienceû no beneh (MRC WorlOng Party, 1992). Clinically, therefore, reduced j3- 

adreiurgic noepta response rnay ocair in d o u s  ciraimstances not only with 

individuda having infkunrnatory conditions such as aduitis, Crohn's disease, infection, 

but also in the elderly. 

The ieduceû QT response to sotalol observed in the inflamed rat may be due to an 

inflammation-induccd alteration of cardiac potassium channel hnction since no changes 

in pharmacokinetics was observed. The pro-inflanmatory mediators released by the 

in&aed tissue may aha the ftnction or number of active charnels. This reduced 

sedivi ty may aect  not oniy effdveness, but also adverse effécts such as torsdks des 

pociites. To1smk rles pointes are excessive prolongation of QT intavals that cause a 

polymorphic ventriailar tachycardia, which may lead to ventricular fibrillation (McEvoy, 

1999). This e f f i  is suggested to be dose related; Le., approximately 0.5% and 6% afker 

Iow and higher doses respectively (McEvoy, 1999). Thadore, perhaps the incidence of 

this side effect is less in individuals with inflammatory disease. 

In support of our findings in the rat, the pminflammatory state is reported to be a 

major factor in the prognosis of individuais with cardiov~scular diseases who received 

stiabrd h g  treatment. For example, idammatory status has beea shown to be a main 

detmnbmt in the outwme of patients with unstable Pngina (Verheggen et d, 1999). 

I 

significantly m e r  concentdons of 

ESR were refiactoty to standad thaapy. 



lui addition, saum CR. c o l ~ c e ~ o n  and mortaiity o&r amte myocardiai infiuctiou was 

~~ (Pietüa et al., 1996). Patients with significantly higher CRP concentrations, a 

mrrlrsr of i n t l d o n ,  tnated with uirombolytic h g s  had an increased mortrttity up to 

6 moathr post myoardial idkrdon. Thus, despite dnig treatment a hi* mortality rate 

wu oboaved in these patients. These two shidies indicate that infiammatory disuse 

influences response to conventional medid therapy. nierefor~ infîammatory status of 

the patient due to disease or aghg may have a significant impact on nsponse to clmg 

hence, patient outcornes. 

Inflammation caused by administration of JINa had no eEea on fidocaine 

pbarmacokinetics. This is surprising since lidoaine undergas extensive first-pass 

metabolisrn is highiy protein bound and inflammatory di- is considered to influence 

Qugp which have these charaderistics (Bel paire et al., 1989; PiquetteMiller and Jarnaii, 

1995). Although administration o f  the cytokine did not alter the disposition of lidocaine, 

hawever, pharmacokinaics of verapamil were changed. The lack of eEect of IFN&- 

induceâ inflammation on phannacolcinetics of lidocaine may perhaps be explained by 

isoymt specificity since in the rat Iidocaine is rnainly metabolhi by CYP2C subfmily 

Tee., CYPXI l]. In support of this finding, similar plasma ~ncentrations of ~fedipine 

were observed in healthy and IFNd treated rats (Eliot and Jamaii, 1998). NSkîipine like 

fidoaiiie i s  metiboked by CYP2C subnmily in rats (Smith, 1991). 



ECG nspoases to lidocaine in hedthy and inflmed rats were not diffèrent This 

indi- a dedive e&ct of inflammation on cardiovasdar reaptor since 

pbinn;iicd0nerics of lidocahe were not a f f i  by the inflammation. Thereforq cardiac 

sodium channd ftsponsivaess to h g  W not altered by idammation caused by 

administration ofma. 

5.3.1. Clinicat implications of inflammation on lidocaine 

The lack ofeEsct of inflammation caused by IFN* administration on disposition 

rad responsiveness of cardiac sodium channels to lidocaine indiates a selective eff- of 

acute inflammation on cardiovasatlar receptors and isoqmes. Interestingiy, the 

influences of intlunmatory disease observed with propranolol and verapamil 

phrrmur>kinetics and phannadynamics do not occur with lidocaine. Therefore, 

gtnaPlizing the effect of inflammation on h g  disposition and activities may subject 

pathts to experiencing inappropriate pharmacotherapy. 



Adjuvant d&is a d  IFNcur-induced i d a m d o n  did not alter pharmawlonetics of 

d o i  d o m a s  a&r administration of facemate and staeoisomers. Hence, both 

raite aid cbroaic models of idbunation had a similar efféct on disposition of 

W o l .  This was expected since sotalol is negligiibly bound to plasma proteins and 

eliminated via the r d  route. 

Pharmacokinetics of sotalol enantiomers were not aitered by either acute or chronic 

iaflammatory disease* This suggests the ahered response to h g  observed in the rat 

with inflammation is due to pharmacodynamie rather than phannadcinetic changes. 

Responsiveness of &adcenergic teceptors to sotaiol is deaeesed in rats with 

influamatory disease observed by a reduced prolongation of the PR intaval in rats 

with adjuvant arihntis and IFN&-induced inflammation compared to controls. The 

reduced &adnnagic fiinction in the infiamed rat is in agreement with in vitro 

obsawtions of les  d t y  of 8-adnnergic receptors in the presence of pro- 

idammatory cytokines. 

Cardiac potassium channet responsiveness to sotaiol was reduced in adjuvant anhntic 

rats rnd EFN- treated rats compared to controis. The reduced cardiac potassium 

cbannd activity in the cytokine and adjuvant treated rat is similar to in vibo 

obsenrstion of d o e d  cardiac potassium charme1 function in the presence of EN*. 



5. Reduced d a c  potassium channel and &adrenagic nsponsiveness to sotal01 

obsemd in rats with amte, IFNa4i~-induced, and chronic, h@obacferium buwam- 

hâuceci, infiamnutory disease was similar. 

6. PbiumacoWc observation may not necessuily reflect phannacodynamic outcorne 

since a dccnssed cesponse to sotalol was obsaved in rats with inflammation despite 

u d t e d  phprmacokinetics. Thus, indiscriminate use of phermacokinetics to predict 

dnig response m y  resuit in inappropriate pharmacotherapy. 

7. Despite elevated mncenm*ons of verapamil after administration of IFN-, 

&pûtion of iidodne and formation of MEGX was similar in healthy and cytokine 

inocdateci rats. This is due pahaps to isozyme specificity since CYP2C subfamily 

[Le. CYP2CI 11 maidy cataiyzes breakdown of lidoaine to MEGX. 

8. M i a c  dcium channe1 response to vaapamil was reductd in the cytokine tnated 

rat However, responsiveness of cardiac sodium channels to lidocaine is not altered by 

ahhistnoion of the cytokine. This suggests a seledive effect of IFNa-induced 

inflammation on cardiac ion channel fiindion. 
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