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© ABSTRACT

V'Metronidazole (MTZ) vis now be1ng used ehron1ca11y in the_iu
7‘ manaQEment of Crohn S disease (CD) However pharmaeok1net1c \
1nformat1on bn the drug in. th1s dasease as based on s1ng1e dose-;
;4 /stud1es wh1ch alse’ suffer from methodo1o§{c‘pveblems Pat1ents on MTZ
therapy 'may | a1so req01re phenobarbstaf (PB c1met1dl:e (CM),

e;,xﬁ

L predn1sone “(PR) or su]fasa]az1ne (SZ) Uswng HPLC as ana]yt1c too], a
11near1ty study on MTZ was thus.earraed(0ut and the 1nteract1on of
the drug w1th PB CM, PR and Y was,inves?1gated in 6 CD pat1ents

" In the 11near1ty study, the patlents 1ngested mu1t1p1e ora1

“doses of 250, 500, 750, and 1600 mg/day of WTZ for 7 days. The

\;;5§i)2, }Vd/F';and‘yCLé .of MIZi;nere 9.; ¢.2.l h, 0.732 + 0.094 L(Kg '

sD), respect%ve1y.a:The

I+

and  0.921 + 0.175" (mL/min)/kg :(mean

persentagel of dose of MTZ excreted* in ‘urine as intact drug aﬁ;ﬁx

-

metabo]1tes as well as-glucuronic ac1dﬁ§nn3ugates ranged from

34 7 + 7. 4 to- 58.9 + 5. Z'Strong pOS1t1ve hnear corre]atwns were

,observed between the. dose of MTZ'and ﬂUC, as well as the-Lp..,.and

cumulative urinary excretion of the drug and its metabolites. The
o Vd/F also corre]ated strongly w1th the pat#ents total body weight.

For the drug 1ntenact{dn studles, MTZ was first 1ngested
a]one (250 mg \b]d and tnen‘w1th'PR*(10 mg b1d) SZ(1g bid) CM
(600 mg bid) or.P& (60 mg bid) Each reg1men was fo]1owed for 6 days
and blood and urine were samp]ed on tbe 7th day after the first dose

~of each regimen The d1spos;taon k1net1cs of MTZ and its metabolites
were not- a]tered by CM: and SZ’ Bpth PB and PR 1ndu¢ed MTZ metabo11sm

by 51gn1f1cant1y 1ncre*<1ng CLO and decreas1ng AUC of MTZ, -
. . ;;j,‘:;'v. B
) :\V" :



N,

N its metabolites are .Jinear and that the . drug concentrations are

T

sighificant1y  increasing ) urinary excretidnﬂé'of HM. ,PB"alsb

significantly shortened the -t1/2 and® redﬁced urinary excretion of
3 . o e ) @ J B : .

1

MTZ. _ |

;It is concluded that in CD?Vthe‘pharmacoKinetié§ of MTZ and
a . R | S

, dgpendent on total body weight. PB, and PR significantly induced_the
.metabolism of MTZ in CD whereas SZ and CM did not.

. &
-
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CHAPTER ONE

INTRODUCTTON

1.1. Metronidazole d
Since its “introduction as the first oral trichomonacide in.

1960, metronidazole (MTZ) has been found to be effective in the

treatment of various 'dis;age conditionsf' These inc]udefamoebiasis;
girdi§§js, cutaneous  Teishmaniasis, Chagé’s disease, dental
infect{éns and in rekeni times, Crohn’s disease. Despite"its widé
fherapeutic app]ication, concerns  about carcinogeqicity and
mutagenicity of the drug Have beén'expressed. However, a11yof these
to%icity studies have been carried outhin animals and bacteria. The
observed side-effects of MTZ in humaﬁs are éoncentrafion dependént
and therefore disappear on withdrawal of the drug. In this chapter, a
revie; of the pharmacokinetics of MTZ in healthy rsubjects and
patients wifh various diseases including Crbhn’s is presented. An

attempt will also be made to evaluate some of the toxicologic reports

g

u.
in the literature.

1.1.1. Physicochemical properties

| Metronidazole is a white or cream colored crystalline
substance of mo]eeu]ar.weight 171.6 and melting point 159-162 degrees
(BP 1980). The drug is more soluble in water (1 gé)OO'mL) than in
éfhano] (0.5 g/100 mL) or in ether and chloroform (; 0.05 g/lOOmL).
The pH of an aquéous solution is 5.8, indicating that the drug is not

as basic as one would expect. This is due to the presence of the very



Aa

strong ye]ectron-withdrawing nitro group in the 5—posiiioq on the

3midazoje' ring. The pésic pKa of MTZ has been determinéd'and found to

. be 2.68 ‘ by Gallo et al. (1964). The octanol/water pqrtitfon
' coef}iciént'of the drug is about 079 (Biagi, 1982%.

1.1.2: Pharmacology | A | -

' ~The 'isolation of the anitrdimida291e, azomytin, from

‘ Streptomycete  species 1ed to the synthe;is of MTZ in 1957 and its.

: . : _ o
subsequent marketing in 1960 (Rollo, 1985). The trichomonacidal

o

activity of the drug was soon proved and MTZ became the druglbf

choice for the treatment of Trichomonas vaginalis. Metronidazole js

'-?current1y the prototype _nitroimidazole used in the treatment of
several anaerobic ,infec%gons. The drug- has also been implicated in
the freatmenf of hypoxic™ tumors by radiosensitization of cells.
(Edwards, 19813.‘. | Q

\The"*]ihitation of he sctivity of MT2 to microorganisms whose
metabolismy is anaerobic, or at least microaerophilic, is indicative
of an effect on a biochemical reaction unique to anaerobes. The bésis'
for se1%§tive toxic}iy of MTZ;towards anaerobes lies in the reduction
potential ‘at which the nitro group is reduced and which is
thermodynamically compaiib]e with that of'ferrodoxing. In susceptible
microbes, the reducfion‘ of MTZ .decrease; its intracellular
concentration thus providing a concentrati6; gradient which favqrs
uptake of the Hrug into anaerqbes but not aerobes (Edwards, 1979): It
ie generally believed that the microbicidal effect is.due~not to the

\

parent molecule itself, but to reduction products whfch interact with

multiple sites in cef]s’(Mu1Ter, 1983). An interaction with and

-



damage of deoxyribonucleic acid (DNA) by the reactive hetabo]ites of .

LN -
X o VR
the “drug is the most widely accepted mechanism oé;actfvg on cells.

—

The inhi: ion ‘of some hydrogenosomal enzyme or e]ectr@p carrier

%
&S

fnvolved in hydrogen production has ~also been reported (fxoyd and-
Kr%stensen, 1985). This indicates an inhibitory effect of the drug on

-

resgirétion which could lead to irreversible loss of cell motility.

1.1.3; Pharmacokinetics
The pharmacokinetics of MTZ haé host]y.been carried®out on
normal healthy subjects who do-not require dfug therapy.,3ﬁ thorough
' undérstaédiné of~ the dﬂsﬁos%tion of the drug in qifferént(diseasés, N
| especially Crohn’s diéease, is therefore 1acking. .Even some of the
few reports in the literature are of doubtful value due to the use of
non-specific methods of assay that measured non-MTZ derived
substances. However ‘the information obtained from recent
publications cén be said to be ﬁeéningfu] since newer and bet.

\

~analytic methods are being developed. . ; j

1.1.3.1. Absorption

Metronidazole is rapi@]y and ‘completely absorbed 1in man.
FoT]owingl 250 and 500 mg singTe doses; peak serum concentrations.
(Chax) ranging from 3.7 to 6.2 mg/L and 9.8 to 12.1 mg/L,
respectively have been reported.lResults from single do§é studies are
summarised in Table 1-1. The time to aftain peak plasma concentration
(tmax) ranges fron 1 to 3 h although a value of 6 h has been
observed in' one subjéct_ (Jensen and Gugler, 1983). During mu]tip]é

o dosing, the pattern of absorption does not change although some

“
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accumulation does occur (Ra]ph,’ 1983)) " The bioavailability of the
drug after oral admin{§{ration’to nérma] healthy subjects approaéhes
L . .
.} Using a so]ution” of MTZ E.'-as* refereffce, McGilveray et al.
(1978) studied the bioavaitability of eight commercially avaiHab]e
‘?tab}et formulations of the drug. Pharmacokinetic analysis of the
| plasma profiles by use of fhe Wagner-Nelson equation indicated an
absorption of('over 80 % of the drug in 1 h. The results of oral
bioé&ai1abi11ty studies using: an intraVeno&s formulation as reference
are ‘summarisgd in Table 1-2. Tée bioavailability of the d;ug is
sugject to great interindividual variat{on. ‘P1asﬁa Jevels of MTZ
after .reéta1 administration to hea]thy>.vo1uqteers generally reach

P a
their peak more slowly than after tne same oral dose. The €

max>
attained are also significantly Tess. The absorption of the drug is
said td occur more rapidly from a retention enema than from a.
suppository (Ralph, 1983). The reported bioavailability of MTZ from
supbositories ’&ary‘ from 0.53 to 0.90 (Table 1-2). In a recent
publication, Vromans et al. (198;) stﬁdied tge rectal absorption of
MTZ from .an aqueous sdspension, a fatty suppository and three
different’ PEG suppositories using an orai aqueous suspension as
reference. Of all the rectal dosage forms; the PEG suppositories gave
the highest peak plasma levels and the highest relative
®ioavailability of up to 0.8. v S
As MTZ is ugéd widely in the treatment of Trichomonas
vaéina1is infection, some Studies have been carried out to determine

the extent of absorption of the dfug from the vagina. After a 500 mg

dose, a mean Cp,. of 1.9 mg/L was attained in 7.7 h (Mattila et

*
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al., 1983). LCompared to a s1m111ar oral dose, the authors found on]y

S/
25 .% of the Jntravag1na1 dose to be absorbed on the average. In
another étudy,. 500 mg doses of the oral, vagina] %nsert and vaginal

cream preparations of the drug &mre adm1n1stered on three separate

occasions to nine subJects 1985). The mean. C

: max
values ~were 15.56, 1.86 ;hd ;?ég mg/L for the oral form, cream and
insert, respectively. The corresponding thaxs were 1.23, 11.11 and.
20.11 h:‘-ApproximafeTy 20 % bioavailability was}demonstrated from
)bofh vaginal fo;;s. To date, these tyo studies are the only onesfthht

o

pro f\e some  information on the pharmacokinetics of 'vagfné11y

i

administered MTZ. — . "7\\\\

1.1.3.2. Distributjon

; The apparent volume of distribution (Vq) of MTZ Varies froh;
41.3 to 59.7 L (Ralph, 1983). Volumes of distribution‘(Vareaslief.
35.8 L (Bergan et al., 1985), 36 L (Houghtoﬁ et al., 1979b), 39. 1&L

e
-

(Solhaug et al., 1984), 43.2 L (Bergan et 3l., 1984), 48 L (Houghton«'
et al., 1979a), 53 L (Mattila é_ t al., 1983) and 73.6 L (Jensen and

q .
Gug]ér, 1983) after intravenous administration of the drug have been

reported. The V..., computed after oral administration of’*TZ are

very close to those obtained after iht;éVénous doses (Houghton et
| al., '’ 9a?b; Jensen and Gug]er: 1983;). Using a 2-compartmental open
model, Rabin et al. (1980) Sa1cu1ated_ a total Vg of 71.4 L, a
vogume of distribution in the <central compartment (Vo) of 28.7 L
and a volume of di;tribution _at steady state (VSS) of 52l5 L.

'gﬁaijar]y, Loft et al. (1986) reported a V. of 37 L and a V¢, of
50 L. .
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The volume of 1istribution of MTZ approximates closely to

that of total-“ body water;\\é§,q result, the drug is distributed to

. vi;iya]]y all tissues “and Eody fluids in concentrations that do not--

differ markedly from corresponding _p]asmalleve1s (Templeton, 1976;

_  Brogden et; al., -1973);f Tissues,; in which MTZ has been detected in

therapeutic concentrations or i#%oncentrations similar to those of
. A ) ] -m-fh)'

@iNe

plasma include “the uterus -and fa116pian tubes (Elder anid Kane, 1979;

Mannisto et al., 1984), bile (Nie]éon and Justesen, 1977), abdominal

tissues (Bergan et al., 1985;'V11taneh et al., 1984), cerebrospina]'

and ascitic fluids (Ralph et él;, 1974; Jager-Roman et al., 1982;

Hoffman et al., 1984), synovial fluid (Sattar et al., 1982), breast
-

milk (Gray et al., 1961; Erickson et al, 1981), saliva and gingival

crevice {Van-Oosten et al., 1976). !

g

Ralph et al. (1974) wused an u?gﬁéfiltration technique to

investigate the_binding of MTZ to plasma proteins and ﬁﬁund virtually

£

no proféin binding. In an _n vitro binding study using<tommercia1

serum albumin and ultrafiltration method (Sanvordeker et al., 1975),

'the fraction of MTZ bound : “anged from 0.43 to 4.22 % for
concentrations ranging from 1.6 » 0° to 40 x 10° M. Oné later
study utilized equilibrium dialysis to obtaiﬁ protein binding of 8.1
and 11.2 % for concentrations of 1 énd 10 mg/L, respectively
(Schwartz and Jeunet, 1976). Protein binding of 10 to 20 % has also
been reported (Amon et al., 1978). The drug is thus only slightly

bound to plasma proteins and this may explain its relatively large

volume of distribution.

. L
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1.1.3.3. E iminz- i@ < - |

Metronidazole is eliminated in man Tlargely by metabolism,
: ~ :

resulting’ from, side-chain oxidation, hydroxylation or conjugation of
o o . ”
the parent compound..As early as 1963, seven metabolites of the drug

were said to haSE\been>detected by paper‘chromatqgraph in the urine

- of man (Manthei et al., 1963). However,‘no'agtempts were made to

iso]atg the metabolites and identification was based solely on colour
reactions. Ings et al. (1966) studied‘the metabolism of MTZ in man

and dog and observed similar patterns of metabolism by measuring

N .

urinary levels of both the parent drug.and metabé®ites. It is now

estab]ished .that the major metabolites of MTZ identified in’man, dog
. - = v : . 4 . '
and mouse urine (Ings et al., 1966; Stambaugh et al., "1968) are the:

hydroxymetabo]ité .[1—(2-hydroxyethy1)—Z-hydroxymetﬁjl-sj “

nitroimidazole], the acid metabolite, [2-methyl-5-nitroimidazole-1-

acetic acid], the g]ucurbnic acid conjhgates of the\iarent drug and
a

of_the hydroxymetabolite (Figure 1-1). The sequénti

tho  hydroxymetabolite (HM) to the 2-carboxyljc acid derivati?e has ¢

been regarded as an unimportant pathway of its elimination (Stambaugh

et al., 1968). Whereas oxidation and hydroxy]ation are the major

: pathwéys of 'metabolism in man, cohjugatiqn of the parent compound is

bredominant in the rat (ings et al., 1976; A11ar;ig1 al., 1985).

Whj1é Ings et- al. (1976) reported the presénce'of both sulphate and.

) N ‘ - .
glucuronide conjugates of the drug in urine of rats, Allars et al

(19é5) found only the latter probably "because they wused only
a‘glucurbnidase enzyme for incubation and subsequent hydrolysis of

the conjugates.”

R .
0 * .
R
YN
. .

metabolism of~

1



M'I‘Z-Glucuronidc

CHZ-COOH
> CH, ~ ‘7/
‘Metronidazole (MTZ) -, 2—Methyl-5-n1troumdazole-1-
g ‘acetic acid (MAA)
K}

| »CH,CH,0H
|
HOH,C_ ,N__ NO,

\(\] ' j  - : DHMGI:UC'URONIDE

o N ‘
1-(2-Hydroxyethyl)-2- hydroxymethyl 5.
umdazole (HM) : T
. v «

h C%{i/CHZ OH /‘b/ ~

1-(2- Hydroxyethyl) S—mtroumdazole-

\( _7/ _ * carboxylic acid

. .\'\ " Figure I-1. Mctabq_lism of :mctronidzizolc Lﬂ‘ﬂ>an-

3 -
K}
[
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In none of’ the above studies wds any direc =vidence for
reduction of the nitfo-group of MTZ Y0 the amine fou 1. It has been

suggested that any amines formed during metabolism of the drug would

undergo significant decomposition as S5-aminoimidazoles are highly

t al.,

unstable even in So]ution at room tempernturé (Stambaugh

1968) The acid metabolite (MAA) and H | haye been found to have
/ N
respectively, 5 and 30 % the activity of the paxent drug by use of a

[}
Clostridium perfrinqens_ bioassay (Ralph and Kirby, 1975). However, a

recent  study (Bonnatyne et al., 1987) has found thé hydroxy

metabolite of MTZ to be 4 times more active against Gardnerella

vaginalis than the parent drug. - | : g

The complete wurinary excretion profiTe of MTZ and its
metabo]ites was‘ not known untiT. recently. Th{s is due' to tﬁe
non-specifié“microbio]ogic ana: éhemiéa] assays that' were used to\
quantitate these compounds. Using_'bioasséy és the ané]ytica]

technique, 24 and 48 h urﬁnary excretign of less than 13 % (Bergan et

al., - f980) and Tess than 20 % (Ra]bh et gl;, 1974) of the oral dose

A

of MTZ have been reported (Table 1-3). Meaggre ent of total urinary

radioactivity following oral 'administrafion of 14C—1abe]Ted MTZ to

o v ¢ -
4 healthy olunteers gave 32, 51 and 70 % of the total dose after 12,

, . . Y
24 and 48 h, respectively (Schwartz and Jeunet, 1976). The HPLC

assays which can separately measure the drug and its 2 major
metabolites have been used to’ estimate the % Qf dose extretedlin
urine as the intaét drug (1ess‘than 15 %), HM (12-30.%) and MAA (7-20
© %) 1in 48 h after oral or intravenoﬂs administration (Table 1-3). The
glucuronide conjugates ofk the parent drug ang HM have only recently

been measured and reported to account for about 6 % and 8 %,

11
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-réspective]y in 24 h after a single oral dose (Jensen and.Gugler,
-1983)." In the same >$Eydy, the corresponding values for. a siné]e
intravenous dose were'_io % and 12 %, respectivgjy. A more recent
studyv (Loft et gi:, 1986) réported lesser urinary excretion of the
.g1ucuron{des"of. MTZ éndeM in 50 h after sihg]e oral or intravenous
doset (about 6 % for MTZ gna <5 % for HM). The éuthors claimed to
have also found less than 2 % asﬁu}inafy conjugates of the acid
hetabo1ite (MAA). GeAera]]y, the Qrinary profile oﬁ? MTZ'gnd it§
ﬁétébontes following an intravenous dose is similar to those
fd{fowiné an oral dose (Ralph, 1983)." .
| Based on; drihary excretion déta, it has been suggested that
“the Jmetabolism of MTZ to HM may decrease within 7 days\of mu]tip]e
oral dosing (Jensen and Gugler, 1983) without affecting the'p]asma
concentration and clearance of "the drug. Hdwever, the reﬁorted
A urinﬁry excretion values do not seem significantly different and the
'.authors did not’ pérform any statistical analysis on their data. On
the other hand, Loft gi al. (1986) reported the total systemic
clearance of MTi to be slightly (9 %) but significént]y Iowér after 2
than after 0.5'g intravenous dIJES'FO hea]thy subjects. The corrected
Fean AUC values were: however, not‘tested %tatistica]]y. I; addition,
a saturable pathway of e]iﬁinition of MTZ was n6?/;dentified. More
detailed pharmacokinetic studies of MTZ disposition at different dose
-]eve1s are therefore required in healthy subjects and patients‘with
various afflictions for which the drug~is indicagsd.
Metronidazole has a relatively long ha]f;1ife (tl/z) within:
the range 6.2 to 14.3 h (Ra]ph, 1983; Brogden et al., 1978). More

recent publications have reported mean tl/z of about 6.5 to 10 h, "’

13
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averaging about 8 h. Tpe tlﬂe is not dose dependent (Welling and
Monro; 1972). The total Systemic clearance of the drug averageg*hbodf

| m].min'l.kg‘l.

- -~ o

~

1.1.3?4.-Pharmacokﬁnetics of Major:ﬁetabo]ites of Met?onidazo]e.
There is very limited ph;rmacokiﬁetic informatioh on HM and
MAA. Wheréas the former: is detectable in plasma, the latter is
detected .in trace amounts if large doses of MTZ are administered. In
-two separate studies, similar areas,uqder the. plasma concentration
versus time curves (AUCs) were obtained for HM after administration
of equal doses ~of- the parent drug by oral and intravenous routes

t a1:; 1979a; Loft et al., 1986).In the study carrted out

(Houghton
by Loft et al. (1986), 500 mg and 2 g doges- were administé}edAby both
routes to héa}thy volanteers Snd‘simijar C&axs of HM were observe&.
for each dose; 2.4 versus 2.2 mq/L for the 500 mg dose and 8.3 versus
7.6 mg/L for the 2 g dose (iv versus ofa]). The tg xS were also
similar and averaged 9.6» h. The authors also detected and measured
MAA in (p1asma after the 72‘g dose: the'Cm;X; of 0.69 mg/L (iv) and
0.72 mg/L (oral) attained %n 2.8 aggj3.3 h, respective]y.‘The only
other study in which MAA was measured in plasma was that carried out
by Ni1sson-€h1e et al. (1981). They observed Cpaxs of 0.15 to 0.2'
_mg/L.after a single 500 ﬁg iv dose.

There éppears to be a génera] concensys that the tl/2 of HM

is longer thgn' that of MTZ. Howevef, hean tl/zg‘of 9.5 and 9.8 h

(Houghton et al., 1979b), 11.7,and 11.2 h (Loft et al., 1986), 9.6

_and 11 h (Jensen -and Gugler, 1983) have been reported for HM. These

tl/2 values, when compéfed to that of the parent drug indicate that
¢ {

“
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-

[

the disposifion of HM s e]iminatioh réte-]imited (Houston, 1982).
{nteresting?y; the data repofted by Loft. et al. (1986) indicates
formétion—rate limited disposition of MAA as:the termina]vportion of
the plasma concentration-time- curve paralleled that of the parent

drug.

N

1.1.3.5. Age-associated Pharmacokinegics

As MTZ 1is metabolised primarily by oxidative and cohjugative
mechanisms, the presence of immature enzyme systems in neonates could
resz1t  in accumu]atfon‘\ahen usual doses, .computed on body weight
basis, are administered. To date, theré-is 1imitéd information on
pharmaﬁokinetics of the drug in infants. Stddies on the
Apharmacokinétics and tissue distribution \ij MTZ were conductéd by

Jager-Roman et al. (1982) in eleven infants varying in gestational

age from 28 to 40 weeks. The authors é%served an -inverse re]ationshib 

between gestational age and t1/2 which ranged from 22.5 to 109 h.

-Hepatic ‘hydroxylation of MTZ was not evident in infants less than 35

‘weeks gestation except in those that had been prenatally eox; osed to

SR
system by corticosteroids. In another study (Amon et al., 1983), the

pharﬁacokinetics of MTZ was studied in 20'pediatric.patiehts aged 6
weeks and 4 to 14 y who had trichomonal vaginitis or an anaerobic
infection. The authors found serum concentrations as well as computed

pharmacokinetic parameters in children and{infantsf to be similar to

those in adults after intake of an equal weight-related dose. As in

the 'previous studies, a nonspecific aésﬁy‘(po1arography) was used.

Using HPLC as the analytic tool, Rubepson'and Rosetzsky (1986)

N

.-o"vr

betamethasone. This may suggest induction of Wepatic mono-ox}genase

15
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s£udied the pharmacokinetics of a single prophylactic iv dose of MTZ
”in infarits. during abdominal surgery. The infants varied in age from 1
day to 10 months. The authors observed a prolonged tl/é of MTZ
(18.4 h) in babies less than/8 weeks old wherea§ those over B-weeks
- of agé demonstrated a t1/2 (7 h) éomparabWe to that seen in adults.
The longer t . in infants Tess than 8 weeks of age was said to be
a ref]ggg;;;%ii.the immatyrity of hgpatic enzyme systems. As on]y‘two
of the studies werechrried out utilizing specifig as;ay procedures,
more information is needed on the pharmacokinetics of MTZ in -
neonates, infants and children. | |
Age-dependent ‘pharmacokinetics of MTZ has:alsp béén.feported(

by Ludwig et al. \K1983) who carried out studies in 15 young adu]tg

(20-25 y) and 20 elderly sub;ects (over 70'y). Serum levels were :

found to be ’consistently higher_and AUCs were almost double in the (j/—Q\\\
-aged ~ group. However, 'these . authors  used a non—specifj;

spectrophotometric method of assay and were inadvertently measuring

t

MTZ and its metabolites together.
1.1.3.6. Pharmacokinetics in Various Pathophysiologic States.

1.1.3.6.1 Pregnancy and Lactaiioh

| A study of single or_mu]tip]e oral dose pharmacokinetics of
MTZ was carried out on 19 pregnant women infested with Irichomonas
urogenitalis by Amon et al. (1981). Utilizing polarography as
analytic method, theé resuits wene coﬁpared }o data obtained ih an p

earlier study in -non-pregnant women. Pharmacokinetic variables did

not differ significantly between the two groups, although the‘Serum

N S <



concentrations were cénsiétent]y Higher in the non-pregnant subjecfs.
: %his oﬁservation is .consistent with the greater total body water
content of pregnant ‘women. The authors recommended the sémé‘dosage
régimen for .treatment of anaerobic or parasitic Thfectio&s in
pregnant and noft-pregnant women. & similar finding has been reporteg
by Visse;/and Hutdt (1984) after a single 500 mg iv dose of MTZ to‘16
. pregnant patients undergoﬁng _caesarean sections. In this study, the
meén t1/2 and - pIasma clearance were 6.9 h and 1.19
m].min’l.kg'l, respectivedy and the drug was found to rapidly and
re%di]y © cross ‘the placental barrier.. Arterial cord plasma
concentrations measured bethen 0 and 1.25 h after the infusion
ranged g}am S.¢ .0 16.4 mg/L (mean, 11.7 mg/L)..

The . icental fransfer of MTZ M#as been confirmed in a

relatively recent study  (Karhunen, 1984). A 500 mg iv dase of the

drug was aqhinisﬁered to 21 patients undergoing first-trimester legal’

abortion. At the time of evacuation, the mean concentration in serum
was 13.6 mg/L. In fetal tissue, the concentration of MTZ reacheﬁ 66 %
and— in the placental tissue, 26 % of the serum concentration.
A]thougﬂ notteratogenic effects of MIZ have been observed in man, the
drug is prohibited during pregnancy, especially during the first
vtrimestér A
gt;ﬁincentra‘tions of MTZM measured polarog}aphica11y in breast
milk appear to be comparable to concurrent serum levels (Gray et al.;
1961). The penetration of the drug into breast milk has also been
reporggd by Erigkson et al. (1981). Using aJ?LC'method, the latter

workers measured MTZ concentrations in breast milk of 3 1ac}atihg

mothers who ingested 2 g of the drug. Peak concentrations in milk

A .
N ‘a3 ??v“s

)

.
.
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averaged 45.8 mg/L at 2 h with t1/2 of 8.7 to 9.9 h, very simi]ar}

to serum t1/2'

1.1.3.6.2. Renal Disease
The t1/2s Vg and plasma clearance of MTZ are hot affected
by veither acute or chronic renal failure (Gabriel et gl;,'1929;_i§

. LY
Turgeon et al., 1983; Roux et al., 1984; Somogyi et al, 1984;

Houghton et al., 1985; Gray et al., 1984; Ljungberg et al., 1984;
Bergan and Thorsteinssdn, 1986). This isﬁexpected sinfe TESS<¢han"15'

% of an administered dose is excreted as unchanged drug in ﬁ;ine. o
However, accumulation of the major metabolites of the drug, HM ana C S
MAA, have been observed. In one of the studies (Turgeon et al., i i @S.
1983), a twofold and a fivefon higher cdnceﬁtrations of HM and @AA,.;ﬂ*
respectively, was ‘found in plasma of patwents with renal fa11ure..y !'f;.‘

~ FR

compared to normal subjects. Bergan and Thorste1nsson (1986) did not &d ‘_;

2

detect MAA in -plasma of normal subJects or'-in pat1ents W1th ; ,.:;
\ ° . - 4%
creatinine clearance values greater than 10 to 20 mL/m’~. In- patlents '33-5 

with lower glomerular filtration rates, however, th- au*horS found

v

tl/és of u to 36.5 h fgy’/ﬁAA. .A; consequences  of, thh
concentrations of these biotransformation products are essent1a11y "‘;%f
unkown, dosage adjustment in renal disease has not been recommended. 'J ‘5§t
The drug and metabolites are effectivé]y removed by -

e

haemodialysis (Roux et a1. 1984; Guay et al., 1984; Somogyi et al., R

_ 22

1983).



1.1.3.6.3. Liver Disease

In an investigation of the rectal absorption of a 500 mg tid
regimen .of MTZ, loannides et al. (1981) observed a reduced clearance
of' the drug in patients with impaired 1{ver fqnction. The authors
therefore advocated a reduction in the dose of MTZ during
administration to patients with liver failure.

Daneshmend et al. (1982) compared the pharmacokihetics of a

, single 500 mg dose of MTZ in cirrhosis and pafients with
- hepatosplenic, schistosomiasis wi;h that in healthy controls.

- $¥Cirrhosis caused some prolongation of tl/é and somewhat greater

goncentrationg of the drug up to 24 h after the dose. These changes Ao

- -

however, were not significan%. Also the AUC for HM was smaller,

_though not significantly, in cirrhosis whicﬁ‘may be a fg?iection of
1es$  oxfdative metabolism of MTZ in these patients. Farrell et al. ] .
(1983) have reported‘ a significant impairment of MTZ elimination in

10 paﬁiepts showing ‘c1inica1: and biochepica] evidence of ‘1ivér

“failure. They observed a doubling of tl/2 and a 66 % reduction in

c]earangk of MTZ as well as 76 % reduction in clearance of antipyrine

in ‘patients with cirrhosis. As 7 of the patients also had reduced

v creatinine c1éarance, the observed ef<ects may bg.due to renal and
hgpatic insufficiencies. |

gi%ﬁA ’ Lau et al. (1983) have -also reported impaired elimination of
.f‘:NT21 %p Tiver disease. Theé;uthdizrstudied the pharmacokinetics of a
) ,siwgle 7.5 mg/k  intravenous dosel of the drug in cirrhosis and

°he§§thy subjects angikgbserved significantly Tlonger tl/Z in the

patient Qppu]ation.--A“;é_recent study of the pharmacokinetics of MTZ

in patien

¥

ts with 11verréirrhosi§;and coma (Loft et al., 1987a), the

1.
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- decreased rate of elimination of the drug was attributed mainly to

impaired hepatic oxidation of the drug to tﬁe acid and hydroxy

¥

metabolites.

1.1.3.6.4. Enteric Diseases a
Although peak serum concentrations of MT%ﬁé; enteric disease

are similar to those in healthy volunteers, the rate of absorption is

0
)t
usually slower (Ralph, 1983). While Melander et al. (1977) reported a

decreased absorptioﬁ of the drug, Bergan et al. (1981) observed a
more rapid  absorption and higher C...s in Crohn’s patients compared
to healthy volunteers. These studies were based on single oré] doses
and involved comparison of ‘AUCs between patients uand controls.
Non-specific methods of assay were also used in.the two studies.=In a
recent study, Shaffer et al. (1986 have repdrfed a mean absolute
bioavaifabi]ity of 0.97 and 0.90 in Crohn’s and ulcerative colitis
(UC) patients, respectively. Pharmacokinetic parameters of the drug
in both disease stateé appeacj to be similar to those reported in
norma1 subjects.

Schneider et al. (1984) reported a mean serum cbncentration
of 11.8 mg/L, 2h after a~ ral intake of 400 mg by 10 Crohn’s disease
patients. fhis is similar Lto the Cp.x in healthy subjects afte;
ingestion of an equal dose (Houghton et al., 1979a). On dosing
patients with- 1000 mg per .day for 42 days, mean trough and peak
levels observed were 10.6 ég/L ‘and 24.9 mg/L, respectively. On
reduction .of the dose of MTZ to.400 mg pef day on day 43, the mean

trough Tevel was 5 mg/L and mean peak level was 9.2 mg/L when

sampling was carried out on days 50 and 90. During both dosage

20
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¢ .
regiméns, the corrqsppnding peak and trough HM concentrations Were
identica1: The authors a]éo found a possible positive correTation
between MTZ sérum concentrations and disease activity (r=0.48) and
therapeutic activity (r=0.43). | \

JThiercellin et .'. (1984) canried out a bioavai]abi]jty"study .
in. 17 patients underg-ing gastrointestinal surgery'for'exeision of +
duodenal and gastrit ulcers. They observed a 51 % increase in AUC
when the 500 mg 5v doSe was changed to oral therapy. The authors put
forward three hypotheses to explain the;r finding. Firstly, they
propose that se]f—inhibitién\lof gut ;nd bacterial metabolism of MTZ
_may occur when high concentrations ‘of the drug are reached after oral
A

doses. This would cause oral clearance to be less thap intravenous

‘and lead to -a bioavailability of greater than one. Since

@

to occur V4 has to degfegse, they “indicated that o

intraluminal bacteria when alive, consfitute a physiologic space for
B , .

~

argéf)distribdtion. Secondly, the authorsaviewed glucuronidation as g,
distribution process during oral dosing énd as an elimination process
during an intravenous dose. This is erroneous as hydrolysis of
conjuga‘%s by bacteria in the 'gut does not depend on the route of
_ad;inistration. Bacterial deconjugation of glucuronide conjugates of
a drug will either take place or be absentwpnd'ié dependent on
presence or absence of normal flora in the gut. The third hypothesis
proposed - was that of clearance of the drug in the gastric juice which
was removed during intravenous therapy. In order to test this
hypothesis, fiveiuadditionaI patients were inc]udéd in the study and

were given the same intravenous dosage rbgimen as the others. Less

than 10 % of the daily dose of MTZ was cleared in tbe.gastric Juice.

~
s
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On the authors’ own admission, none of the above hypotheses seem to
account for this 1arge decrease 'in c]earance of the drug on ora]
treatment. They over]o@ked thag fact that parenteral nutr1t1on was
changed to ora] feed1ng at iaéfsim! t1me “that the oral dosing regimen
was started. ¢ @?‘-J?“T; |

In a subsequent study (Diquet et gl%, 1984), the same authors
performed a complementary study in 7 patiénts in which the oral
administration was replaced with an int;avenous infusion ang:nc\x
significant differences between AUCs Ahere‘ found. Following
intr- enous administration of 500 mg MTZ tid for 3 days, the amo
of drug recovered in the aspirate was measured. The reportedvrec y
.in the aspirate ranged frbm 2 to 23 % of the daily dose and still
does not explain the observed 50 7% difference in AUC of the drug
between the intravenous and oral routes in their earlier study.. g

As CD \patients are usually placed on MTZ therapy for several
months, sometimes exceed1ng 1 y, it wou]d be ‘verv impor*anf to
establish if the c1a1med dose-dependent pharmacokinetics reported in
healthy subjects by Jensen and Gugler (1983) and Loft et al. (1986)
are also present . in CD patiéntsj Moreover, the observed neur61ogic
side-effects are dosé-dependent (Ralph, 1983; Brogden et gl;, 1978).

1.1.3.7. Interactions ©

: disu]firam~¥1ke effect, it has been recommended that the drug shou
not be _yﬁken concomitantly with alcohol. MTZ has also been obseryéd

to exhibjt a stereospecific inhibition of S(-) warfarin but not R(+)
sl
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‘warfarin elimination in man (O’Rei11y;=1976). Fofﬁowing this study,

Jensen and Gugler (1985) investigated the effect of MTZ on OXidatiye
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drug metabolism using dYVazepanm, antipyrine' and phenytoin as model

drugs. The authors did not find any innibitory effect of MTZ on
.metapolism of any of the test drugs and concluded thathTZ does not
significantly inhibit oxidative drug metabol¥sm. o

| Omly anecdotal reports on the-effect of other drugs on MTZ
Kinetics’ are available in -the Tliterature. Wheeler et al. (1978)

observed a disproportionate increase in ~the amount of the hydraxy

metabolite of MTZ in the serum of one patient &n long term phenytoin

-
-

therapy. This may indicate that phenytoin may indUCE‘MTZ—metabo1izing\”

enzymes. A case report of a patient with vagina] trichomoniasis who

fai]ed to respond to MTZ. therapy, due to concom1tant 1ngest1on of

phenobarb1ta1 was gitven by Mead and G]bson (1982). The authors
noticed “a shorter than usual t1/2 for MTZ and a greater ratio of
HM:MTZ. In another caseé report (Gupte, 1983), similar observations
were. made in 15 ch1]dren These observat1ons were not accompanied by
data from patients - rece1v1ng MTZ a]one and ca]cu]at1on of tl/Z was
based on only two data points. Treatment w1th 400 mg bid for 6 days

of cimetidine, a proven hepat1c m1xed function oxidase inhibitor, was

reported to 1nh1b1t the elimination of singbe 400 mg’ ’iv doses of MTZ_

in healthy subJects (Gugler and Jensen, 1983). Although this has been
‘attrlbuted to inhibition of MTZ metabo11c pathways the fate of the
metabolites was not reported In a recent report (Loft et al+,'1987)
which was pub]ished after the completion of the ekxperiments deseribed
in this thesis, cimetﬁdine was foundsto exhibit no inhibitory effeot

on the hydroxylation of/aisingle 500 mg intravenous dose of MTZ in 7



healthy subjects. The authors alsé observed a significant
enhancement of MTZ hydroxylation after 7 days of either phenobarbital

' . . - . ()
or antipyrine administration.

1.1.4. Untoward Effects of Metronidazole

High - doses of MTZ have. been associated with metallic taste in

the mouth and gastrointestinal irritation (Knoben and bAnderson,

1983). Occasional dizziness, vertigo and paresthesias have also been
: ' [

reported with very hf@h}gosess Less commonly reported side-effects

have included headache,,  tgansient neufropehia, vaginal and urethral
S & S
burning, diarrhea and furred tongue  (Brogden et al.,-1978). Apart

from headache = and vertiggg the other central nervous system

side-effects . are sataxia -and periphera’ . ~uropathy (Finegold, 1980).

The occurrence of encephalopathy, cerabel]ér dysfunctien with ataxia
and sensory neuropathy associated with higm-dosé MTZ therapy have
also been reported (Kusumi 'gl al., 1980). Al of thése serious CNS

toxiéitieg disappear on withdrawal of %he'drug (Ralph, 3983; Brogden
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t al., 1978; Finegold, 1980; Kusumi-et al., 1980; Goldman, 1980a).

There are also Suspiéions about MTZ-inéﬁced hebatotoxicityu(App1éby
and Vogtland, 1983) but this has not beeﬁ proven as the patient was
“taking a combiﬁﬁtion_of antﬁ?iotits. )

Several Taboratory studies with = animals and bacteria havé
shown thét MTZ has mufagenic and tumorigenic properties (Goldman,
| 1980b). Nitro group reduction has been saiq to‘be imp]fgatgd in most
of thé “biological properties of the drug including its mutagenicity.
Faif1y :recent reports strongly .indicate that MTZ js not.carcinogenic.

Roe (1%83)‘reported'that properly designed tests‘for embryotoxicity
> . ‘

4
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and teratogenicity in vrats, rabbits. and mice produced negative‘
results. The author cdnc]uded that "this highly useful and sometimes
iife-saving drugv is essentially free of cancer risk or other serioﬁs
.side-effects". There ﬁs therefore considerable controversy\oyer the
toxicity of . the drug in man since only observations of these effects
Can.bbe madeﬂduring acute and chronic therapy. To date, no evidence of
Jmutagenicity in' man has been reported. As a ru1e'of thumb, pregnant

women are advised to avoid the drug in the first trimester even

» ’thj»gﬁrﬁu\ teratogenic effects have.been reported.

1.2 Crohn's D%seage B I
Crohn’s,ﬁ_disease (CD) is a chronic iﬁf]ammatory process
affectihg any pa}¥ of the gastrointestinal tracf including the mouth,
eéophagus, gtomach, small bowel and colon (Andefson,> 1982). The
_ characteristic and key pétho]ogic feature of the disease is that
' ipf1ammatioﬁ extends through all layéers of the bowé] wall (Dona]dgbn,
1983). In many patients ’with small intestinal CD; disturbances of .
digestion and absorbtﬁon of fat, protein, carbohydrates, vitamins,
minerals, bile salts and‘f1hid and electrolyte®®occur \(Chadwick and
Cami11er,"l983)l As a result of this malabsorption syndrome, patients
lose weight and Tlater become{ anemic. PFn children who develop the

.disease before puberty, growth retardation occurs in 30 to 50 % of

the cases (McCafferty et al., 1970} Kirschner et al., 1978; Beeken et

A .

al., 1972). This decrease in nutritional intake and growth impairment

‘. has been 1linked fd delayed gastric emptying (Grill et gl;,‘1985).
; _ 7 ‘ 2 '

When the disease is confined to the large intestine, impaired colonic

»



absorption of sodium and chloride ions result in the pathogenesis of

L4

massive and chronic diarrhea (Thqmson et al., 1983). The diarrhea is
worse in ileocolonic involvement as unabsorbed fat and bile salts are
said to cause net secretion of water and electrolytes by the colon.

In the course of the disease, ulceration and subsequent free

perforation ’Bj;_jhe intestinal . wall does occur in some patients.

Greenstein et al., (1985) reviewed over 18] cases of free perfofatioﬁ

in CD but found only about 100 to fulfill their rigorous criteria for

classification. The interposition of several areas of involved bowel

»

 With normal bowel produce skip areas which is very distinctive of CD.

This is one of the features used to distinguish between the disease

~and ulcerative Colitis (UC) which are very similar in clinical

manifestations - (Anderson et al., 1982). The 2_major‘symptoms of the

disease are chronic diarrhea wunaccompanied by bloody stools, a-d
abdominal pain (Rousseau, 1982). The signs of CD include fever,

weight loss, ‘anemié, perianal disease, tenderness at the right 1 wer

1duadrant. The -disease alse presents with several extraintestinal.

-

complications.
The initial anatomic site of CD has been said to be an
important determinant. of the clinical course and prognosis of the

'disease. Farmer et al. (1%25) studied the clinical patterns of CD in

615 patients and observed the best prognosis in patients with small

intestina] involvement who had intestinal obstruction as the only

e:————Qma&eﬁ, comp]icatioﬁ. ‘Ileocolic involvement .s associated with the
greatest need for operation, followed by colonic disease. Gryboski
and Spiro (1978) also reported that children with ileocolitis had the

highest number of extracolonic manifestations and operations whereas

[
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- those with only small' bowel dtsease had fewer extraintestinal
symptoms, operations and shojfed a cons1stent1y better response toj}ﬁ;

medical treatment. Farmer et-al_ (1985) have again correlated poor

progn051s “with ileocolic €D in a long- term follow-up of 592 patients.

The severity of CD is therefore greater in patients w1th both the
q

11eum and colon as initial sites of diseace.

1.2. 1 Anatom1c d1str1but1on

A1though the ent1re g&%tro1ntest1na1 tratt@?rom mouth“to anus‘

o

may be 1nvo]ved CQ qof the upper gastro1ntest1na1 tract and of the

4,
co]on and r?ctum hre more common today (K1rsner 1984)% The terminal

k\

'11eum a]one is. the most frequent]y 1nvo1ved, account1ng for up to 50

20 % of the cases (Krause et al. ; 1971) A re]at1ve1y recent review

of anatom1c d1str1but1on of CD in i, 699 pat1ents showed a d1fference

in the number of cases involving the sma]] bowe] a]one small bowel ~

only, 29 -%;JsmaTl‘bowe1 and‘coton 50 %; colon on1y, 19 %, anorecta1;

y
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% kof the cases whereas 1nvo1vement of the co]on alone’ occurs in about'g

area on]y," 2 % (Dona]dson, 1983) These flgures are in very close..

h

e

agreement w1th those obtained {n the European Cooperat1ve Crohn S-
D1sease Study (ECCDS) reported by Steinhardt et al., (1985). Per1ana1'

comp]ications of CD occur in. 25-70 % of patients but 2 rare cases of -

penile lesions heve been reported (Slaney et al., 1986) .

o

1.2.2. Geograph1c d1str1but1on ,

EV1dence in the literature 1nd1cate that CD is most common in.

North Ameriéa- and northern Europe. The d1sease is emerg1ng in

southern Eurooe and is very uncommon in other areas of the wor]d The
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overall worldwide incidence of the disease.is 0.5-6.3 in 100,000 per
year (Donaldson, 1983). The highest prevalence figures have been
produced from Scandinavian and North American studies; 75 and 106 in

t al.,

100,000, repectively (Mayperry and Rhodes, 1984; Pinchbeck
1987a). The incidence ang prevalence rates of the disease as
summarized by Sandler and Golden, (1986) are shown in Table 1-4
below. A

In a recent sthdy of the epidemiology of inflammatory bowel

’

diseas- (IBD) in n?ﬁkhern Alberta, Canada (Pinchbeck, et gl;( 1987a)
a prevalence ‘rate “pf about 106 in 100,000 was observed for CBX\\;he
KL; authors found an even higher prevalence of 220 in 100,000 for urban

| femi]es aged between 20 and 39 y.

Table 1-4. Average annual incidence and prevalence rates of Crohn’s

disease per 100,000 population.

(

o
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Location Period Incidence? - Prevalence
Rochester, MN, USA. ) 1935-75 4.2 105.7
Stockholm, Sweden. 1955-74 3.0 542
Malmo, Sweden. ‘1958—7:’{;”_5—':,;;_”; T 48 5.2
Copenhagen, Denmark. ' 1§62—7é-:£ 1.8 Q‘ 34,6 ,j';(wv'
Upbsa1a, Sweden. | 1968-73 500 | sq‘;;ﬁ"«"""‘?‘-?‘?;’~"-'?'
Tél Aviv, Israel. 197076 1.3 - :%1_;2'.3'*'-7
North Tees, England.:  1971-77 5.3 . 3.0

~

a. number of new cases per year; b. total number of cases per year.

A



Crohn’s disease is more prevalent in. Jews. A]though the

‘ disease is more common in caucaswans, Go]dma t al., (1986) have

N <

reported that the man1festat1ons of CD in blacks are more severe than
those noted in a series that'studied predomtnant]y caucasian Crohn’s
populations. The authors speculated that a distinctively aggressive
form of the disegse is present in b]ack_pa{ients.v °
1.2.3. Demographic distribution | N

| Crohn’s disease _seem td have an overé]] equal sex ratio
(Langman and Burnham, 1983). Some surVeys have, however, reported
that female affliction predominated by as much as 1.6 (Dona]dson

1983). Pinchbeck et al. (1987a) have: also observed a significantly

, greater preva]ence of D in females than males in northern A}ggégeg

Canada. Crohn’s disease has its greatesttonset in the adolescent ahd

]

young adult years. Most studies show a oeak tn‘the age range -between
, NS .

15 and 30 (Donaldson, 1983; Sandler and.Golden, 1986; Pinchbeck et

al., 1987a)' An epidemiologic study in chi]dren and-adolescents in
Sweden observed a yearly 1nc1dence of 6. 1/105 ch11dren (Lindquist

et al., 1984). This 1nc1dence rate is s1m11ar to results in the other

: Swedieh studies of adult’® populat1ons (Tab]e l 4) Aasecond peak in

incidence between the éggﬁp of 50 and 80 is 'said “to have been
ST
discovered in some studies (Sandler and Golden, 1986). °
The prevalence of 'CDﬂéj;'?Said tc be greater iT~#kban that

Ty

rural areas. This has been showh in Scotland (Kyle,: 1971), Northern

R

Ireland (Humphreys and Parks, 1975), the United States (Sedléck et
al., 1980) and northern Alberta (Pinchbeck et al., 1987a). However,

29

this difference in prevalence rates between urban and rural Ereas;h%§3*;;

.
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not been made in Sweden where the incidence is partiéu1ﬁr1y high

" (Hellers, 1979; Norlen et al., 1970). Differences in urban-rural

distribution oﬁf the disease Has been attributed to differences in
availability of health care and diagnostic facilities by some
'authors. ’ . -

A greater frequency of occurrence of CD among people of high
éducationa] status has bgen reported (Monk et al., 1969; Rogers et

al., 1971; Pinchbeck et al., 1987b). Intéresting]y, the study by

Pinchbeck et al. (1987b) found urban females with a university

education to be the highest risk group. s

e

1.2.4. Etiology and Pathogenesis
The cause and pathogenesis of CD has remained’é1usive.since

~1932 when the disease was first described by Crohn. However, various
etiologic. possibilities have been investigated and discussed over the
years. These include infectious agents, immune mechanisms, genetic
factors, diet, smoking, oral contraceptives.
1.2.4.1 Infectious agents

. Due to the inflammatory nature of the disease, infectious
agents, as possible causes of CD, were the main focus of earlier

studies. Given the resemblance to intestinal tuberculosis, the
X ‘

original description -of CD spizﬁfated on Mycobacteria as a possible

cause (Donaldson, 1583). Other bacteria that have been considered or

disproven - include (Campylobacter jejuni, Yersinia enterocolitica,

ce]l-wa]] defective 'bacteria, Bacteroides, Clostridium difficile,

Eubacterium and Peptostreptococus (Lam and Thomsoh, 1987; Freeman,



1986). However, the search for an infectious agent in the 1aboratory
has been without success. In reﬁent times, attdption -seems to be
focused‘ on Mycobacteria species again. Possible rble of these
bacteria in the etiology of 'CD has been réported (Chiodini et al.,
1984; Thayer et al., 19%}; Van-Kruininggn, 1986). Contradictory
findings have since appeared in the 1iteréfﬁre\(81aser et al., 1984;
Cho et al., 1986). Support for the.hypothési; that CD is caused by a

Mycobacterium have again beap reported by Morgan (1987) and McFadden

et al. (1987a,b). There have also been attempts to implicate some
abnormality of the fecal bacteria in thé etiology of IBD (Levitt and

Bond, 1987). Hudson et al. (1984) treated 12 patients with a

»

combination of MTZ and cotrimoxazo]ihii;/}e’to 14 days. Although the

authors achieved clinical improvement”in 8Vpatients, no Fb1atidnship
"between changes in fecal %r colorectal mucosal-associated bacteria
and improvement was apparent. ~ ~
Epidemiologic  studies have tried to -ideztify 1ncidqnﬁe
pattérns that would support an infectious cause.  Miller et al.
(1975) dbtained the‘ date and place of domicile and work at the tfme
symptoms ‘of CD began for 260 patients in Nottingham. The authors did
not find any-éV%dence of clustering of cases in fime‘or space. In a
second study (Miller,etpal., 1976), the same authors compared the age
and sex of patients with matched controls and measured the effective
contact between members of each g;bup. There was no greater contact
betwéen patients thh CD than betweén healthy controls. Neither of
these epidemiologic studies  support 'the notion that CD s

infectious. A viral. etiology for the disease has also been sought

but not confirmed (Yoshimura et al., 1984). It would take'more
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studies and time to establish if .in fact a micoorganism causes CD.

1.2.4.2. Immune mechanisms ‘

Patiépts with IBD may develop nonspécific as well as specific

defects in immune reactivity. However, no‘oné has yét been able to

show that the abnormality causes the disease. Pallone et al., (1983)

haQe reported a decrease of total T cells and a slight increase of
cytotoxic and suppressor T cells in patients with CD. In patients
with active and chronic CD the non specific defects include a

decrease of relative or absolute concentrations of T lymphocytes, and

Y
an impairment of wvarious in vivo as well as in vitro functions of

cell-mediated immunity, or antibody-dependent cell-mediated

cytotoxicity (Lam and Thomson, 1987). Auer et "al. (1984) have

reported that CD patients with inactive disease do not exhibit an
immunoregulatory defect. The authors concluded fiom their study that
single selective, moderate defects Kn suppressionksf pro]iferation of
various lymphocyte subpopulations ;ré restricted to active disease.
Harries et al.- (1984) observed an associatioh of under;utrition and
disease activity with reduced immunologic competence in patients with
CD. This immunologic incompetence was markedly improved by short
term external nutritional treatments of 21 undernourished patients.
The reported changes in immune function in patients with CD
may, therefore, be secondary to the disease itself or to its
tréatment. For  instance, as corticosteriods modify various
Tymphocyte subsets fo differing‘extents, they may alter the balance

~ of suppressor and effector activities (Hanaugr and Kraft, 1983). In

addition, both sulfasalazine and metronidazale have been suggested as

y
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immunosuppressive agents (Hanauéf'}and Kraft, 1983; Grove et : .
1977; Bernstein et al., 1980). |
1.2.4.3. Genetic factors . -

| Stfdies. have shbwn that CD may be 13 times more common in all
first 'degree- relatives (which includes parents, siblings, children
over- 15 y) -and 30 times more common in siblings compa?ed wfth the
genéra] ~popu3a;ion (Mayberry and Rhodé;, 1984). These findings may

indicate that the Ndiseaseb,aanﬁ_béflinherited. Although there is no
: : . ¥,

evidence for .a. particular genetic marker predisposing to CD,

epidemiologic data in familial IBD seem” to ‘j:;(wfif~ ;,g;&jﬁﬁgﬁ

ey

expected in polygenic inheritance (Sand]er and Golden. 198%%

ra

inheritahce of the .disease. In a recent study of the prevalence of
IBD in northern A]berté, Pinchbeck et al. (1987c) obgerved a foalial
connection 1in the number of cases of C(D. The authors found the
female relatives to have twice the prevalence of their male

counterparts and suggest a possible sex-linked genetic characteristic

for CD." The results of the study support the hypothesis that

lifestyle and environmental influences combine with genetic

preaisposition to determine the relative risk of developing the
disease.

‘The specific genes involved in the hered{tary prédisposition
of the envirdnmenta1 factors that cause IBD are not known. Many

genetic markers, including the HLA antigens, have been studied

without  the ‘emergence of any definite relationship (Mctonne]],

1983). However, the stddy of HLA-B27 has revealed that IBD is a

s B

observations may indicate that several factors may be involved in;ﬁhg"‘
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potent factor in the production of ankylosing spondylitis in people

with this antigens

1.2:4.4. Diet

-

Etiologic suggestions for CD have varied from excessive

eating oY cornflakes or refined sugars, margarine, bottle-feeding
Y .‘ '2\ : N
#XpaP of breast-feeding to the swallowing of toothpaste (Kirsner,

1984). Thornton et al. (1579) have associated Lhe increased risk of

(D with a diet. higher in refined sugar and lower in dietary fiber,

s 6, esh f#ﬁuit and vegetab]es._" The same investigatofs. placed 32
”~,-;f§é;ts on a diet Tow in refined sugar® ~and }e1a%ive1f rich {n
fibrous foods and observed fewer and shorter hospitalizations in
__their patients compared to‘non—diet control patients treated jn other
institdtions (Heaton et al., 1979). Although response of a disease
to treatment with a dietary rlegimen does pot unequivocally prove that
the disease is caused by the opposité effeét (Heaton, 1983); the
finding is éonsistent with such a hypothesis.'
| Bergstrand and Hellers (1983) carried out a case-control
study ~comparing the length of breast-feeding period of 308 matched
'pairs of patients, who Tlater in Tlife developed CD, and control,
individuals. The authors fouhd a significantly Tless period‘of
brea§$-feeding in the patients than in control subjects.” The observed
, difference was more pronounced in the 29-29 y age‘group. As breast
milk contains several %éctors that may protect against

gastrointestinal infections during infancy, lack of breast-feeding

may be of importance for the development of CD later in life.
v
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1.2.4.5. Smoking .
. The relation between® cigarette smoking and the risk of
developing IBD has recently been of some interest. Somerville et al.,

(1984) found that patients with CD were 4 times more likely to be

’smokeré than matched controls. In a study of the smoking habits of

~patients with 1IBD, Benoni and Nilsson,  (1984) also fouhd the

s

proporton of smokers to be significantly higher .among Crohn’s
patients than UC patients. In fact it Was been reported that smoking
ha% a protective effect on relative risk of UC (Boyko et al., 1987).

The authorgg'ob§f ed an elevation in risk of UC among former smokers

A

whereas thé Fﬁy among current smokers was decreased. Similar
findihgs have been rgported by Thomson\gg al. (1987). Additionally,
these investigators reported that even passive exposure to tobacco
smoke increases the risk of developing CD especially for young women
living in an urb Jocation. Hohever, these studies do not

unequivocally prove smoking by itself cu cause CD.

1.2.4.6. Oral Céntraceptives _

8

A study found that a significant excess of women with CD

confined to the. colon had taken oral contréceptives in the year
before developing symptoms compared to women with small bowel CD and
UC (Rhodes et él;, 1?84). In a Tatter study, Lesko et al., (1985)
observed similar \findjngs;' patients with. (D were 4.3‘times‘mo;e
likely to have taken oral contraceptives in the year before admi?sioh
to the hospital. This etio]ogic' suggestion, 1like all the qtﬁens,

—~
needs more careful and detailed study.
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1.2.5. Assessm oﬁ Disease Activity

" The measurement bf the "activity" of CD would markedly
improve the therapeutic management of the disease and predibt;
relapses as well as éxacerbétions.. Unfortunately, no accurate metqbd
bf assessment has ‘been found. The deve]opment of a Crohn’s disease
activity inde& QBAF) by Best g_ al. (1976) raised the hopes gf many
physicians and the1r pat1ents. Ind:} values of 150 and below were
said to be associéted wilh quiescent dlsease, values above 150
indicate active disease and values above 450 were seen with extremely
severe disease. . However, the CDAI relies heavily on subjectiﬂe
criteriéﬁnsuch as pain and well-being and includes as its only
laboratory parameter, erythrocyte sedimentation rate (ESR). The ESR
has been Ceported by ofher investigators to be an inadequate measure
of ,disease activit; (Andre et gl;;‘ 1981; Fagen et gl;,'1982).
Recently, the CDAI has been said to understimate disease actfvity by
categorizing 7 patients with proven "active disease as inactive
(Leddfn et al., 1987). These investigators evaluated the role of
Hltn-1abelled leukocyte  imaging and fecal eéxcretion in ihe
assessment of IBD. 1llIn fecal excretion was significantly higher
in patients with IBD than in controls, and there was a corre]ation~

lllIn fecal excretion and moSt indices of disease activity

getween
in CD. Coo5, and Prior (1984) reported the calculation of a simple
index wusing only hemog]@bin&}§1bumin and serpmucoid values. Positive
values indicate health ‘and negative, 11 health. ~A significant
correlation between the length of Tesion in CD and weight loss, serum
albumin,  total protein and serum iron has also been reported

(Prantera et al., 1984).
7
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Intestinal protein 1oss is a common feature in IBD This

prote1n loss may be. determ1ned by measurement .of a]pha 1- ant1tryps1n

(AAT) fecal excret1on and clearance. A strong correlation between

disease activity, as measu?ed by a clinical score, and the AAT levels

has been obseqyed by Meyér g_ al. (1985). Contrary to fhis finding,

1

Fischbach _L al. (1987) cou]d not clearly separate active disease

ki

from inactive disease by measuring AAT stool concentration albeit

‘significantly raised fecal AAT excretion was observed in IBD patients

compared to healthy controls or non-1BD diseases. Rather, serum AAT
levels were found 'to run parallel to the course of €D and indicated
systemic inflammatory activity simi]ar‘to clinical indices or other

laboratory parameters. In an attempt to predict the acute relapse of

CD, Wright et al. (1987) mcasured clinical as well as a variety of

“laboratery parameters in 200 _patients. The clinical {hdices,

4
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a]pha 1-acid g]ycoprote1n (AAG),, AAT and iron were increased at the

t1me of the attack as compared to three months earlier, However the

V-

authors found c11n1ca1 indices, AAG and AAT to be ;%creased between 1

and 3 months prior to attack. As poor correlat1on of the parameters

to each other was observed, further prospective ‘studies on the
o~ _ :

specificity of the sugdé%ted indices in predicting acute relapses of

CD are warranted.

1.2.6. Drug absorption:

Considerable amount -of information ‘is available op

malabsorption of nutrients and other substances in CD. On the other

~

hand, the effect of'the disease in particular, .« gastrointestinal

disorders in general, on the absorption of drugs has not received

-



i\'muchv.~a'c‘cent1'on. The pathophysiologic abnormalities of CD that may

affeét drug absorptién have been discussed by Parsons (1977) and are

.. ® -
.5f summarized in Table 1-5. The effect of the disease on the absorption

of some drugs is summarized in Table 1-6.

There has been interest in the question of altered intestinal
permeab{lity in various gastrointestinal disorders, including CD. \73§

Investigation ¢! this  phenomenon has normally involved urine

Ve

collection after oral administration of PEG polymers or various
sugars.  Studies in  small  bowel CD have indicated increased ]
. permeability in both children and adults (Pearson- et al., 1982;;*/

. )&

Ukabam et al., 1983; Hollander et al., 1986). The increaﬁgh“
absorption of the probe molecules %ave been explained partly on the
basis of damage of the- junct{onaT complexes by the inf1ammétion
prdcess leading to increase in the number of extrusion zones. This

concept of increased intestinal permeability has been used to exp]aih

a 50 % greater -AUC for MTZ in CD patiénts compared to normal

volunteers (Bergan et al., 1981). However, in the study of Ho]]ander

t al. (1986), increased intestinal ‘permeability to PEG\Qas also
observgd in. the healthy relatives of CD patiehts., .~Underlying
inflammatory changes due tov*the: disease is theréfore unlikely to
result in ‘this inéreaseﬁ permeab%]ity of the bowel in patients.

Rather, according to the authors, this phénomenon may be an etiologic
factor infCD}_ B o w ‘

t al. (1981), Melander et

Contrary to the findings of Bergan
al. (1977) found a reduced absorptfon:of MTZ by CD patients compared‘
to healthy subjectﬁ. In a receqt study (Shaffer et al., 1986), an

absé]ute bioavailability of 1 for the drug was found in CD pétients



™ ..
. \ } . i
Table 1-5. Pathgfhysio]ogic abnormalities of Crohn’s disease that may
affect drug absorption v o
" . N /
Abnormality } Possible effect
Reduced surface area Ma]absorptioﬁ of&drugs whose hajor
for absorption ‘ site of absorption is at site of disease.
Unstirred water layer Malabsorption of f

and pH microclimate drugs.
Thickening of bowel wall 1mpaired drugbdiffusidn and-
Changes in permeability Var{ap1e influence on high versus Tow -

molecular weight or water versus lipid

soluble drugs..

Bowel flora changed to a. absorption of drugs active against

: . R . . ' ’
predominantly anaerobic anaerobes would be important.
population

b. metabolism of drugs such as -
sulfasalazine.

'c. malabsorption of faE'and-bi]e acids.

S]oWer intestinal transit Unpredictable patterns of absorption of
‘ “ ' R A

L4

* » 'ora11y administered drugs.

o7



Table 1-6. Effect. of Crohn’s disease on plasma

drug concentrations.

Drug Effect Reference
Aratamihophen . Reduced Holt et al, (1981)
cgphalexin Reduced‘ Parsons & Paddock, (1975)

" Clindamycin Increased - Parsons et al, (1976)
tyc]osporin€'v Reduced - Marks et al, (1987).
Erythromycin ethyl | o ;? |

succina%e. Unchanged Parsons et al, (1976)

Erythromycin o

, Stearate ~ . Reduced Parans‘gL al, (1976)
Liﬁcomycin' \ Reduced ?aréons‘g& al, (1976)
Metronidazole - Redchd Melander et al, (1977)
Metronidazole \ Ing?éa;ed' Be;gén gl.gl, }1981) i
Predniso%e 'g“fﬁéducé&7%;} ; Shaffer et al, (1983)
Probrano1o1 .gpéréééed':;;gvl %&ﬁpegder et al, (1976)
Rifampicin 'gnéhaUQEd f: ‘Pé?;onsuél'gl,?(i976)“
Sodium fusidate Incréased . Parsons et gl,l(l975)
Su]fémethoxazo]e ’ Inéreased ‘Paksons‘& Paddoék,_(1975)
Trimethoprim ,'Increased‘

Parsons & Paddbck}f(1975); _,'
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during “sulfasalazine (SZ) therapy. The 1ncreased serum concentratlons

o

of propranolol in CD pat1ents compared to hea]thy subj\t}s has been

exp]aihedv on the bas1s! of defect1ve acid m1crocl1mate and e]evated

1evels of AAG (Schne1uer t al. 1976 Kitis et’ a] ‘ 1983; Parsons
. and Trounce, 1977; P1afslgy}et al., 1978)

~F

Most of the drug absorpt1on studies have been carried out° ,,

during remission of the disease. As patients wjth active disease are

the ones that ingest more'drugs,’studies\in this'patient pbpulation

T

is warranted. The problem _of carry‘ng out such st fies in active 3

N
Y

disease 1is related to the presence < messive and chronic'diarrhea.

This would considerably shorten the “iic and therefore decrease the
extent of absorbtion of»virtua11y every drug Conshkw?b1e amount dt
work is still requ1red in this area b=vause: no criteria for 1ncreased.
: _absorpt1on of drugs in CD has been estab11shed For 1nstance there-
areb no common phys1cochem1ca1 propert1es for the drugs that are we]]
3 absorbed nor are there any for those ‘that are poor]y absorbed

Perhaps, very large™ interindividual differences in. the anatom1c
distribution as -well as "in the sever1ty of the d1sease are cruc1a1
it ) 4

factors culwinating in the present results.

b

1.2.7. Treatment

. . [i8

¥

To date, - there is.fo cure for CD and symptoms are treated as
o
they occur. The 3 forms of management of the d1sease are surgery,

4

medical therapy and  nutritional support In %h]S subsect1og,"

s
i

attention: will be focused on the first two forms of Egeatment

s

I

Pt

a;



impending or established perforatﬁoh

‘.

Ae“‘less exfensive; surgery to bE“Safer as this is less likely to produce

A

1.2.7.1. Role of Surger {
gery i ~N

Generally, surgery is indicated when medical management fails

or some serious complications such as fg&estina] obstruction,

abscess, f1stu1a or free perfprat1onéoccur The épecific reasons for

;’surgfca1 “intervention of CD as given by A1exander Williams {1983) are

*

to: 1) release pus under tensiop,.2) remove, relieve or bypess areas
of, ﬁ%tenosfs, 3) . treat fistulae vessdciafed.,with ‘recrudescence of
active_ CD, 4) prevent ecute'fgr chronic b]oddrlqss'and 5) treat an

Dur1ng the 1950"s exc]us1on bypass was the operation of
»cheice for CD 1h many cehtres (G]otzer, 1986). In latter years, a
‘higher rate of 'recurrence was observed following bypass compareq to

resection of d1seased bowe] (Wi]Tﬁhme et al., 1972; Homan and Dineen,

1978),,; In add1t1on, as p@k hypassed segment may wel] be the s1te of

' fytyre'_comp]1cat1ons such as .perforation or cancer, the weight of

opinion has favored resection: (Gtotzer, 1986; Lee, 1984). Next arose
the._cdgE%0versy; over -the .amount of tissue which should be removed.

“Some surgeons jmdvocateGQEXtensiye excision whereas others considered
. - Lige e . a

“;the short' bowel. syndromer‘anﬁ ‘does not increase - the chance of

oy

' recdrrenee, A grdW1ng ‘body of phy31o1og1c, cyto]og1c and e]ectron

microscopic data suggest that CD may be universal or at least more
widespread in - the 1ntest1ne than is evident on gross inspection or

light"micro&copic study of operdtive specimens (Glotzer, 1986) The

i

' argument has therefore t11ted 1n favor of non-radical surgery.

At 1easf 70 % of pat1ents undergo surgery during the course

- of CD (Sachar, 1985) The prob]em that patients and their phys1c1ans

3
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have had to deal with over the years "is the high incigence of
recurrence and postoperative complications. jIn- a study 6f '§i
patients with CD operaféd upon, Heiman et él;' (1985) obsérved
postbpefative complications in 30 % of ’patienfs and major

complications requiring readmission for reoperation in another 8 %. A

low preoperative serum a]bumin_(<‘3;5 g/100 ml) was associated with

nonseptic and multiple complications. Lindor (1985) has also observed v

43

an inverse relationship between risk of deveToping postoperative .

complications and  serum a]buming‘ As discussed previously, the
anatomic-’ d{stribufion_ of CD before resection greatly influences the
rate of _recurrence, with i1e;Co1jc involvement beiﬁg singled out as
the princgpa1 risk factor. HoweVer Chardovoyne et al. (1986) has
reported a higher rate of re- resect1on with large bowel disease (45 %
of patients) compared to small bowel 1nv01vement (32 %) and ileocolic

involvement (35 %). Whelan et al. (1985) again reported the highest
p «

recurrence in patients with ileocolic disease (53 %) compared to 45 % -

for colonic disease and 44 % for small intestinal patterns. However,k

the d1fference between the three anatomic patterns is less than that
reported in the authors’ earlier studies ang.ma&?nof be statistically
significant. The outcome of surgery in coéwﬁay thérefore be more

dependent ‘on the preoperative condition of the pat1§§ts than on

anatom1c distribution of the d1sease 1tse1f \>
b4
1.2.7.2. Drug therapy . ) o

InA active (D, prednisene, in a variable dosage dependent on

disease activity (max{mum 60 mg be : day), was found to be more

effective than placebo (Summers et al., 1979). This therapeutic

-



&

|

benefit was observed -in patients with CD confined to the ileum. Due

to the serious comp]ic%tions of Tlong-term steroid therapy, izwls
often necessary to reduce the dose of.prednjsone over as long as 4
months (Thomson, 1983). However, this aﬁthor has observed that about
1 patient in 3 treated with prednisone for CD becomes Symptomatic
again when the dose is reduced be]ow 10 or 15 mg per day. The other
cort1costero1ds commonly used in the' treatment of CD are
hydrotortisone and prednisolone. ” |

" ‘Su]fasa1azfne (SZ) has been shown by‘ both the National
CooperatiQe Crohn’s disease stﬁdy INCCDS) and the Swedish Cooperative

Crohn’s disease study to be more effective in active colonic than

small bowel disease (Summers et al., 1979; Ursing et al., 1982): This

4

may be attributed to thél absenée of enéugh bacteria in the small

intestine to split off the 5- am1nosa1vcyT1c acid wh1ch 1§,now kngwn»

to be the active . moe1ty However, a nggq)study (Van—ﬂees et al.

1981) ‘has shown‘considerab1e benefit of SZ in small bowel d1sea5e,1f
-large doses (4-6 g per day) are administered. This may indicéte that
the vintact SZ haé the;apeutic effect>even\when*:nsp1it by bacteria.
[t is therefore worth trying‘SZ in patients with active disease who
faiigyto respond properly to oral corticosteroids (Rhodes, 1983).
However, 'patiénts with small intestinal disease. are unlikelyito
reépond to.tonventiona] dosages of SZ and may not bevab1e to tolerate
’ﬁ?gher dosages. reqﬁired. There is no advantage to combining SZ w%th
prednisone [Thomson, 1983). - ‘

There is currently no effective maintenace therapy for CD.

Oral  prednisone is ,ineffective at maintaining remission in (D

. e 2 ‘
(Summer al., 1979, Smith et al., 1978; Bergman and Krause, 1976).

/

L
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‘_ In the NCCDS trial, SZ in é dose of 33.3 g.per kg daily féi]ed to
reduce the relapse rate among patients with inactive disease over 1-2
years. Thomson (1983) favors theI use of prednisone over SZ\as
maintenace therapy for CD. Howeyef, the author recommended the use of

combination therapy of prednisone with azathioprine if the patient is

developing side effects from.prednisone and if every effort has been

made to reduce the dose of prédnjsone and SZ has been used without

-

success. This is  because azathioprine - and its metabolite,

6-mercaptopurine, are potentially dangerous and their use

. ™
necessitates mandatory and regular blood counts a§}1eukopenia may -

occur. Disodium azodisalicylate and disodium cromoglycate havé also
been suggested as therapeutic agents %oy‘co but their benefits are
yet to be proven in clinical trials.
1.2.7.3. Use of metronidazole in Crohn’s disease ,g?

Steroids’ and SZ ﬁave remained the drugs of choice in attempfs
to mpro]ong\ thf remis;?bn\\ii- CD. Of other potentially useful drugs
:that, were introduced over the years, only 6-mercabtbpgrine and
azathiob%ine (Koelitz and Prgsent, ~1985) have been’ found to be

effective. .However, Ursing and Kamme, (1975) observed therapeutic
. L0 )

benefit of MTZ in CDvduring an uncontrolled trial.-Their observations -

' were . soon supported by athers. Allan ;hd Cook, (1977) ,noted that MTZ
prodﬁced a 1es§éning of diarrhea 1in patients with éo]onic CD and
promoted the healing 6f perianal jesions and‘erythema nodosum. In a
Tatter trial, Ursing (1980) reported a marked c]iniéé] improvement in
22 of Bé patients with CD, and a more moderate improvement in.another

7. The author also achieved healing of anal fistulae yjth MTZ in 3

<
. h
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(3.3

patients Blichfeldt et 'gl;,'. (1978), / reported ‘that MTZ was

significantly super{pr to placebo in 6 pa{1ents with co10n1c disease.

'Bernstein_ t al., (1980) have also used MTZ to successfu11y treat

perianal CD.

The Swedish Cooperative Crohn’s Disease Study reported by

46

Rosen et al., (1982) and Ursing et al., (1982) has firmly established

MTZ as a therapeutic agent:?or thz nénagement of CD. Aadpse of 800
mg/day was found‘ to be at least as effective as 3 g SZ/day. The
authors ohserved a better effect of MTZ on'co1opﬁc lesions than SZ.
Schneider .gL. al., (1985) compared MTZ monotherapy With a combination
of cortisonel and SZ, and of cortisone, SZ and MTZ in a controlled
randomised prospective study on 52 patients with active ileocolitis.
MTZ alone 1ed to comp]ete.ciosure of discharging fﬁstplae in 40 %‘of
the cases and produced a clear reduction in fistula discharge in a

further 20 %. ) o | )

~ The mechanism of action of MTZ in CD is unknown. Ursing et
, N T

al. (1982) asserted that MTZ exerts its action mainly through its

found

well-known antimicrobial effects on the bowe]‘microf]ora aéi'as a .

sysfemic entibacterial In bacter1o]og1c studwes the auth

0

MTZ to pers1s{ent1y reduce the Bactero1des fTora 1n pat?ﬁﬁ%s g@[;gag
4 e

However, M%? has ~also been reported to suppress sevepa] aspects of

-3
kg

cell-mediated immunity (Grove et al.; 1977; Kostakis and Ca]ne, .

. 1977). Nevertheless, the use of MTZ in the therapeutic management of

CD does not seem to give an additional clue to- the etiology of the

disease.'

N L
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1.3. Hypotheses

Based &n the above literature survey, the following

hypotheses are advanced:
1. The pharmacokinetics of MTZ in CD are dose-dependent.
2. Phenouarbita],?fgimetidine, prednisone and sulfasalazine
LI : e Y

alter MTZ disposition in CD. -

1.4. Objectives ‘
The objectjves of the study were to find out if:

1. the change in urinary excretion of MTZ and its metabolites

-

¢Lring muitiple dosing;
2. these changes affect the steady-state pharmacokinetics of

the drug at different dose levels; and

FEporfed for healthy subjects also occurs in CD patients

47

3. phenobarbital, _cimetid?ne, prednisone or su]fasa]azine'.
. \ .

*

influence the disposition of MTZ in CD patients.

*
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_ AND ITS METABOLITES' IN PLASMA AND URINE
2.1. Introduction a S ' Qf; s
NUmerfca}. values of pharmacokinetic parameters as well as.

conclusions drawn from studies with MTZ'had depended a great deal on

the method of assay. This is largely due to the non-specificity 4f ;uw"ﬂ

Ralph _dnd‘ Kirby, 1975; Speck et gl;,‘1976). In these bioassays, agar

 diffusibn technique was used with Clostridium perfringens as the
. indicator sf}afﬁf;,As both major metabolites of HTZ have activity
agé:;st"thjst m{crdorganism (Ralph and Kirb9,119755,vthe'assay method
could not separately measure MTZ 6r ifs métabo]{tes. Ultraviolet
' spectrophot?hetry- (Tdckerman and Tican4Figiér; 1969§ Urtasﬁn et al.,
- 1975) was a}éo being used ‘but measured all spécies cabéb]e of
absorbing UV Tight. The other non-specific assay method that had been
used to quantitatg MTZ is poKarography (Brooks-él al., 1976; Amon et
al., 1978; Deutsch ‘et al., 1975; Kane, 1961) which detects all
' nitro-containing compounds.
The = specific' .chromategraphic —~techniques‘ available :are
thin-1ayer chromatography {TiC}v(Stambaugh et al., 1968; Wé]]ing and
Monro, 1972; Schwartz and Jeunet,’l975); gas liquid chfomatography

~—r

(GLC) (Midna et al., 1973; Wood, 1975) and high performance 1iquid

chromatography (HPLC) (wRiiiiEifIéii;, 1978; Marques et al., 1978;

b4 - ' .

the assay procedures - used. Initially, microbiologic bioassdys were{gf ¥

P L

widely' ~used to‘QQéntify the drug (Levison, 1974; Ralph et a1,,f1974; ”



Gulaid et al., 1978; NilSson-Eh]e gL‘a1., 1981; Gattavecchia et al.,

1981; Lambeck and Lindstrom, 1979; Jensen %Pd Gugler, 1983; Salvesen

et al., 1984). TLC 1is not sensitive and also depends on. color °

reactions. GLC ‘of MTZ involves organic extraction and subsequent
derivatization. The .only reported GLC assay, however, cannot measure
metabolites. The HPLC assay has the advanfage cf eaSe of operation,
requiring a simple precipitation step, no derivatization brior to
analysis, reproducible quantitation, - and both sensitivity _and
specificity. The two major métabo]ites of MTZ can thu§ be quantitated
in biological fluids and -tissues. However, some of the earlier HPLC
assay§ for the drug_inYolve3L1engthy extréction steps and did not use
internal standards. Af present this problem has been e1iﬁinated by
the - precipitation of proteins and subsequent injection of the

. supernatant into the chromatographic system. However, the nature of

the precigjtating agent is saia to groSs]y affect the quality of the

chrom _.ogram (Woolkard, 1984). The HPLT acsays of Jensen and Gugler

(1983) and Salvesen et al. (198 .t ..ac .o’ifications  as

i

described in this chapterb were used to quan . iie MTZ and its
metabolites in plasma and urine of patiehts\G

\

.2.2. Materials and Methods

2.2.1.'Chemica1$‘ ‘
| Standard Tlaboratory powders of MTZ and its metabolites, HM
énd MAA were gifts from Rhone-Poulenc Pharm Inc. (Montreal, Canada).
HPLC  grade acetonitrile and tetrahydrofuran (THF) were purchased from

Fisher Scientific Limited. Tinidazole, antipyr{ne, etdanol. zinc
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su]phate; potassium dihydrogen phospate, disodium hydrogen phosphate,

“‘EQQium acetate, acetic acid, and triethylamine were of analytical

grade.

Py

e el =

S 2.2.2. High-Performénce,Liquid Chromatograph
, The Waters (Mississauga, Ontario, Canada) HPLC system was
used -for the  assay. ‘The system consisted . of 2 pumpS_(M45), an

4

éutOsamp]er (Wisp, -M710B), a rvariablé‘ uv gétector (M481), an

integrator '(M730), a. system controller (M721) and a reversed-phase -

-Nova-pak C—18; ~5-micron, 'réd1a1 pak column of 10 cm length and 8 mm
. : .’ ) e .
internal diameter. The eluent was monitored at 313 nm.

- For the ana]ysis 4of p]asmg sampies}‘ the mobile phase

,c0nt;§ned' THE (1 %v/v), acetic acjd (1 %v/v).and'triethy1amine (0.1

%/v) .in water. The content  of THF Wwas g;adua1Ty %ﬁcreaseﬁ to 4 %
three minu?$5' after .injecﬁfon of a Sahplei ftﬂwas maintained for
another 3 ﬁiﬁutes and then _abrupf]yvreduced té 1 %. A'fivefﬁinute

v re-equ11{br§;i09 pgribd wa’s a]]oLed before the ﬁext injecffoh. ‘Thé
flow rgteuwas.maintainéﬂ &t 24m1/min thfoughouF each run.

. In analysing .urine samples, howevef, the'mobi1¢<phase_was

‘ acetonitrile dissoTJéd in 0.02 ygacefaté buffer (pH 6.5) which was .

pumped at a  flow rate of 1.2 m1/mjhﬂ? Acetonitrite,(3 %v/v) wa§~

" increased  to 13.2 %v/v 3 min after ihjection of a samp1e,,kept

constant for -7 minutes and,\theﬁ gradually- reduced to 3 % in 5

‘ominutes. In th{s < instance, "changes “in ithe .base1ihe of the

chromatograph Were correctéd ~ through ‘ the use of ‘thé‘_Watérs

»
<

mu1tich$nné] UY detgctor.(Modk1-490). | o e 'if:

v
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- MTZ, 10, 20, 37,

2.2.3. Standard Solutions o %%Qﬁ?w;$.

] 1 3

.. Blank plasma was épiked.with aqueous stock so]ufﬁbﬁ§ﬂ6f the

compound to produce concentrations of 1.3, 546,.6.5, 13, 19.5 mg/L

for MTZ and 1.0, 2.0, 5.0, 10.0 and 15 mg/L for HM. The

concentrations in urine were 15.8, 31.6, 63.3, 84.4 and 112 mg/L for

and 100 mg/L for HM and 14.3, 28.6, 57.4, 76.5

b ! / ,

and 102 mg/L foy MAA. Antipyrine (Matheson Co. Inc., Norwood, USA)
: & L ‘

solution (6.2 mg.mL in water) was used:as internal sténdard (ES) for

_ _ Lo g
plasima samples .whereas tinidazole (Sigma Chem. Co., St. Louis, USA;

12.5 ug/mL) was used for assay of urine samples. Calibration curves
were constructed by p]otting_ratiosiof‘beak areas of each cahpound to

that bf the corresponding IS versus, the concentrations. Linear

' regression was performéd on the data points @o‘caTcu]ate the slopes

of calibration curves and coefficients of correlation.

;

-

2.2.4; Sample Preparation

" 7o 0.1 L aliguot of plasma or urine (di]uted-6 times with
0.075M phosphate: buffer,: pH‘ 6.é) inal.5m microgentrifuge tube
(prendorf, Sybron/Brinkmann; ‘é;*dale, Ontario, Cénada) was added
0.05 mL ethano],. 0.05 mL ZnSO# (0.1 M) and 0.05 mL 'iﬁterna]

standard. The tubes wére vortex-mixed for 20 s, centrifuged for 10

min and 0.02 to 0.05 ml of "the supernatant injected into the

ﬁ“chromatOgraph.

£

2.2.5. Akcuracy and Precision |
.The thebretica] concentrations of MTZ, HM and MAA in plasma

or urine were estimated using a mean calibration curve (n=5).
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- The aécur?cy of each method was computed on the basis. of the
. difference between theoretical and calculated concentrations, while
‘precision'was determined as inter-day coefficients of variation (CV).
2. 3 Resu]ts and D1scuss1on ’

F1gures 2 IQRndQZ 2 are typ1ca1 chromatographs of plasma and

urine. samples, respectively. All peaks of interest were well reso]ved

from one another with “no interfering peaks. Peak tailing due to

column adsorption was virtually absent. | /

~In plasma, 'the peak area ratios (MTZ-or HM/IS) &efe well
correlated to the corresponding concentrﬁtions oVér the entire
concentration rénge examined (r > 0.99). The Fetention times of HM,
MTZ - and ant1pyr1ne were 3. 9” 5. 3 and 9.8 min., respectively.. Thé
mean of &5 stundard curves could be described by Y = 0 3096X - 0. 087
and Y=0.3609X + 0.014 for'MTZ and HM respect1ve1y, where Y is the

peak area ratio and X s the corresponding concentration. These

equations were used to compute the individﬁa] concentrations of MTZ -

and HM in the standard solutions; the cv was‘g'G% for MTZ éndig 11%
for _HM-quer‘theICOncentrAtion range of each combound indicafing very
good ‘precision for the assay (Tab]e 2-1). The accdracy of the method
was‘vaTso good as evidénced by the Tow percentage.errors between

K8
theoretical and observed concentrat1ons The s1gna1 noise ratic for a

concentration of 0 2 mg/L for MTZ and 0. 1 mg/L for HM were >4 and >5,

respectivély, .indicating that much - lower concentrations could be

~ detected.
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MTZ

HM

Figure 2-1. Chromatogréms of blank plasma (upper pane])‘ and a 2-h
| plasma sample of,a patient after ingestion of a 250 mg
tablet . (lower panel). Change in baseline is due to

alteration in THF content during solvent gfadient.

.
%
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Figure 2-2. Chramatograms of blank urine (upper panel) and a ?-h

urine sample of a patient after fngestion of a 257 ng

tablet (loWer panel).-.
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'Under the eonditions described"for assay of urine, the
retention times of MAA, HM, MTZ, and tinidazole were 4.0, 8.7,_13.8
and. 20.7 min., respect1ve1y . Calibration "curves ‘for all three
compounds“ a]ways) exh1b1ted exce]]ent 11near1ty (r-> 0,99) The mean

standard curve was descr1bed by Y =0. 0295X - 0.065 for MTZ,

Y o= 059281X + 0.011 for HM and Y =.0.0237X - 0.078 for MAA. (The CV .

~and' percent ~error values (Tab]e 2-2) for each concentration of the

Y]
'v

}compounds again indicate good prec1s1on and -accuracy.
| The use of solvent grad1ent in boyﬁ assay methods ensured

good- Separationflof the peaks of interest and yet did not compromise

: : , - " ‘ . - ,/

the length of each run. -The run time for plasma samples was about 15
oo A '

" min (including re- equ111brat1on t1me) ‘and for urine samples, 20 min.

The ‘sample preparation procedure which was earlier reported by Jensen

and Gugler (1983) was simple, cqnvenient and rapid.

In conclusion, the assay procedire described is simple,

"rapid, sensitive and spec{fic“ for MTZ‘ and its two printipal
metabolites in p]aSma»ahd‘urine and is_abp]icab1e for phérmacokinetic

studies.

. .
- v v o
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CHAPTER 3

STEADY-STATE PHARMACOKINETICS OF-METRONIDAZQLE
IN CROHN’S DISEASE” a
&
3.1. Introcuction '

The treatmént of anaerobic _infectfons, particularly
trichomoniasis; improved markedTy with the introduction of' the
prototype nitroimjdazo]e, metronidazole, into the market in 1960.-
Recently, the effectiveness of the drug in the treatment of Crohn’s
disease has ;beén dehdhstrated (Ursing Snd Kamme, 1975; Bernstein et

1‘ 'v1980; Brandt et al., 1982; Ursing et gl;, 1982). Although in,

-1 —_—

_ Crohn’s disease a wide range of  doses of ‘MTZ are adminis?éﬁed.
zl‘;chfonica]1y; only limited information on pharmacokinetics of the drug
in this diséase condition is available. Following single doses,
Melander et . al. (1977). reportéd a reduced and. more varijable
absorption of the drug iﬁ Croﬁn’s patients whi]e'Bergah gi al. (1981)
observed a 50% greater bioaVai1abi1ity compared to normal subjects.
The discrepancy “in the two ‘g;ﬁdies may, at. least in part, be
attriblfed to the non-épecific methods‘of_assay,used (Ralph, 1983).
Recently,” Shaffer et al. (1986) reported a complete absorppion of MTZ

in Crohn’s patients maintained on sulfasalazine therapy. Following

the administration of repeated doses to healthy subjects

* A version of this chapter has been published:
Eradiri, 0., Jamali, F. and Thomson, A.B.R.
>Bfopharm. Drug Dispos. 8: 249-259 (1987).

76



A

3.2.1. Cheftrical
79

(Jénsen -and Gugler, 1983)"changes were reported in the patfern of
urinary -excretion of .MTZ and its metabolites. The half-life (tl/z)
and  volume of distribution '(Vd) of the intact drug, 'howévgf,
remained unchanged. | |

This study ~was carried out tb assess if the reporfedvghanges

in 'the urinary excretion of the drug and its metabo]ffes-observed

following repeated administration to héa]thy~subjects'a1so occur in

Crohn’s patients and also if the changes influence the steady-state

pharmacokinetics of MTZ at different dose-levels. This is important

as the reported side-effects -of the drug are reversible " and

77

dosejdependentl (Kusumi et al., 1980; Finegold, 1980;;Roe, 1983). A% a -

result of the reported wide intra-.and-inter-patient variations in .

pharmacokinetics of MTZ (Ralph, 1983), it was fodnd necessary for |

each patient to serve: Hfsqor her own control.

3.2. MATERIALS AND METHEDS .

o, . :

Flagyl {Eﬁjeps and standard laboratory powder of MTZ, HM and

MAA were gifts from Rhone-Paulenc, qutreél, Canada.
G # A,

3.2.2. Patients . .

Approval from the Ethics Review Committee of the University of
Alberta Hospitals ,and patients’ written co%%énts were obtained. Six

patients (Table 3-1) volunteered. for the-siudy. Their CDAI values

were calculated on each day of sampling, uéing@the method of Best et

al. (19/3), whereas creatinfae clearance (CLy) va]hes were

e
&
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Table 3-1: Clinical characteristics of patients on first day ‘of

study. : //~—#/////
PATIENT - SEX  AGE  WEIGHT  HEIGHT Clerd cDAIP
(y) (kg) (cm) (m1/mi)

1M 45 1015 1827 - 124 125

2 F 62 55.7  167.0 0 183

3 M 25 71.0  179.0 . 130 35

&M 28 53.7  169.0 - - 96 7 141

5° M 39 79.4 1835 119 47239

6 F 30 65.0  166.9 78 124

a. Creatinine clearance ; b. Crohn’s Disease Activity Index

2t
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estimated on the f1rst day of study on]y They had active (CDAI >
150) or inactive (CDAI < 150) Crohn’s disease 1nv01V1ng the terminal
;}é&w‘ or terminal ileum plus colon.  However, the disease was.
ciinica]]y inactive in all patients throughout the study. No dther

treatments were allowed.

3.2.3. Protocol

19

After a wash-out period of four days during which patient§'.

did not take any medications ‘and following an overnight fast of at
least 8 hr each patient ingested one 250 mg MTZ tablet every 24 hr

for seven days. Thereafter, the oral dose of‘MJZ was progressively

increased to 500 mg, 750 mgkand 1000 mg per day, the period of each |

dosage regimen being seven days. On the seventh day of each dosage

regimeﬁ, blood was sampled (3 to 5 mL) via an infdwelling catheter
before dosing and.at 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 5, 6, 7, 8, 9,
10, 12, 15, 16 and 24 h post dos1ng Tota] urine output was b011ected

for« .24 h. Blood samples were centrifuged 1mmed1ate1y after

R collection, \and.the plasma portion as well as urine samples were kept

frozen at -20° until analysis.

3.2.4. HPLC assay -

i
Plasma samples and urine were analysed for MTZ and its two

0

principal metabo]itesx HM and MAA by the selective HPLC method

[

descr1bed in the previous chapter. '7 | &

For the determ1nat1on of glucuronides, urine samples were

analysed before and after enzymat1c hydro]ySIS of the*tonjugates

In a pre]1m1nary experiment, pure 8- g]ucuronldase and a

i



T '-idase—sulphatase ncombination» (Sigma Chemical Company, St.
Louis; USA) were separately incubated with urine at 37° for 24 h. As
. no ’Eignificanf amount of . sulphate conjugates were observed, puré

'B-g]ucufonidase was used for hydrolysis of the urinary conjugates. An

enzyme  concentration. of 208 units per mL of incubate and an_

incubation peribd of 24 h at 37°. were found be:the"éptimum

Conditions for hydrolysis of the glucuronic acid conjugates.

3.2.5. Treatment of data o o7
The model-independent approach (Gibaldi and Perrier, 1982)
~was utilized for calculation of pharmacokinetig parameters. The area

under the plasma concentration-time curves (AUCs) were computed from

time zerc to 24 h (1 dosing -dnterval at steady-state) using the

- ,

linear trapezoidal rule. The volumes of distribution expressed as
. : <, B

V¢/F (F, extent of absorption), were determined by the 'area method.

The oral_ t]earance (CLy) was compufed by dividing the dose by the

corresponding AUC. The overall elimination rate constant (i,) was

calculated from the terminal 1og—1ineék portion of the plasma
concentration-t}me curve by linear regression using.the least squares
metﬁod. Renal c]eanantes - (CL,) were estimated by dividing. ¢hé
cumu1;tive amounts  excreted within a dosing interval by the
corresponding.AUCS.‘

Statfstica]' aqa]ysis on thé data ‘was performed utilizing
- two-way ANOVA and 1inegr regression (Bolton, 1934) at the 0.05 level
- of sighi%icancgiA The peak .p]aéma concentrations :(Cmax) and‘AUCs

were corrected to the first dose (250 mg) before being subjected to

two-way ANOVA. Standard deviations (SD) were computed as a measure of

80



" “spread of pharmacokinetic indices about their respective means.
. i‘ . ! .

3.3. RESULTS AND DISCUSSION '
| The steady-ﬁtate‘ piasma concgntrafion-time édrves of MTZ and

HM, in pat}enf 3, are illustrated in.Figure 3-1 as représeﬁt§tiVe of
the saﬁﬁ%e\\popu]ation. MTZ Was "absorbed rapid]y and peak p1asma
levels were. étta;ned in 2.0 ; 0.7 h. HM ,wa;?]a1so .detectable

" throughout the 24 h sample collection peribd but[péaked later than
the parent drug (Tmax 7.0’1'1.7 h).'Thé Chax Of MTZ rahged~from 6.7
+ 1.2° mg/L fof .th% 250> mg/day abse t0~23.9 + 5.1 mg/L for 1000
mg/day. The cgrresponding values for HM were 1.5 + 0.4 fig/L and 5.4 +
1.8 mg/L, respectively. Schneider al. - (1984) haQe reported a

positive correlation between \serum concentrations of MTZ and CDAI.

81

* Y
This relationship was not observed in this study. However, their mean

"MTZ C values are comparable to those obtained in this study. The

max

acid metabolite, MAA, was only detectable .in plasma~in trace ambunts
2 h after administration of 1000 mg MTZ pér day.
The Vy/F varied significantly among patients, ranging in

value_ from—39.9L to. 78.3L (coefficient of variation, CV = 30.2 %).
. ) ) : A :
However, after correction for body weight, th.o CV was reduced to 12.8

% (Table 3-2). Interestingly, a st}bng lTinear positive correlation
(r=0.95) between the uncorrected V4/F and total body weight of the

patients was obse[yéd.(Figure 3-2). This implies that if the dose of

MIZ is based on body.‘weight instead of a fixed amount, more ..

consistent and predictable blood levels will be achieved inﬁhatients.

The,@il/zs of HM were longer and more variable than those ‘of
t <

(MIZ (23.3°+ 7.0 hes 9.5 + 2.1 h; HM vs MTZ). Longer ty, of Hi

2

I
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Table 3-2, Mean steady-state - pharmacokinetic pafameﬁers of metronidazole
) VY L P

T (MT2) and'hydroxymetronidigolé (HM)

. L H12 e - He

.Patienlt Vd/F t1/2 AUC* ’ CLO R CLr N tl/zA AUC'
(Lkg)  {h) (mg/Uh  (al/min)/kg - (ml/min)/kg  (h) - (mo/L)h

A
—

] 0771 9.6 44.64 0.927 ., 0.113 .  20.7 21.5¢4

. £0.055 +0.7 $2.79 10.051  +0.036 4.1 $3.22

2 0.645 9.4 96.57 0.794  0.069 . 21.4 38.96

0,069 0.7 £15.01 . *ip.114 +0.016 +3.5 :4.06

3 0781 82160 1107 0.122 143 22.28

30:083 +0.5 ;ﬁ.éo, +0.084  +0.013 12,1 2247

4 0815 115 97.37 0.823 0.094 31.6 25.75

. ‘f_ +0.072  +1.1  +2.7% +0.023  +0.027 'C“'¢17:3 +2.87

.S 0.765 12.1 -74:55  0.733 0.111 320 18.98
£0.044 0.7 45.70  40.055 ,'iéfozl ' B30 8310

6 0.614 6.3 56.57 ;.1'139 0.108 120.00 29.03

£0.030 0.3 +6.19  :0.128 £0.010 +4:0  +3.90

- | . : - N .
Grand mean 0.732 9.5 70.5§ 'oﬂgzl' 0 01 233 26.09

£0.094  s2.1 $22.11 40175 +0.025 a5 47,33

* Corrected to 250 mg dose.
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Figure 3-2. Corre]at1on between the méan volume of d1str1but10n

(Vd/F) and total body welght of patients.
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W;Z observed in - the patients then}thosexreported in normal subjects ’

| (Loft et gl., 1986; -Bergan iet'a1 '1984' .Jensen and Gugler, 1983;
study was ’perhaps not Tong enough to accurate]y character1se the

‘%Z-phase That not w1thstand1ng, the COmputed t1/29 dﬂd not show
any stat1st1ca11y s1gn1f1cant 1ntra pat1ent vqr1at10ns. . “

v R . Less than 20 % of the.dose of MTZ was excreted as the intact

drug and- 1ess than 10 % as its ‘glucuronic ac1d conJugate (Table 3'3)

' //*5\\\~_\These numer1ca1 va1ueseare in c1ose agreement W1th those reported by |

“*ﬂ' «_Lof t al. (1986) in hea]thy subjects. These authors also claimed 'to

PR o T
¢

.have ~measured g]ucurgﬁéde conjugates of MAA. Conjugates of MAA were.

not - found in this and ®ther studies (Stambaugh'gt dl., 1968; Ings and
excretion of -MTZ and 1ts metabo11tes
The percent of the dose excreted as MAA and unconJugated HM

‘averaged 13 1 + 4 5 % and 17.8 + 3. 9 %,QreSpect1ve1y In healthy

subjects however, Jehsen and Gugler (1983) reported a detrease in .

urinary excretion of HM (statistical methods'not stafedﬁ when the
single dose regimes- was changed to muftip]e dosing. They associated
this nitﬁ a decreased metabo1ic-conversion of MTZ to HM If'in fact

| HM s not further metabolized, their frnd1ng may indicate that the

MTZ to HM metab011c pathway is saturab1e A otggtf1cant1y Tower .

systemic clearance o6f MTZ was observed for a single 2 g intravenous
dose compéred to..a 0.5 g dose dn healthy subjects although no
significant .cianges ‘inA~t1/é or Vd were observed (Loft. et al.,

vi986); Subsequently, the aothors could not £ingle out any of ‘the

e]imination-pethwqys to be'saturébJe.’Resu]ts obtained in our study

Houghton et Ma]. 1979),. The samp11ng per1od of 24 h used 1n th1s

85

McFadzean, .1975; Jensen and Gugler, 1983) "that have measured urinery
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. Table 3 3 Mean steady state urwnary excret1on (expressed as % of

RS

| dose) . ‘dff' metron1dazo]e (MTZ), hydroxymetron1dazo1e (HM) and

fmetronidazd]e«,l-aceti; acid . MAA)

PATIENT ' MTZ y 1;*HMQf‘E ﬂf”] MAA - TOTAL

Ceeds iR e
R RN SR
Intact Glucurf. Intact Glucur .
DRI e
S .

) ’ LT 7 S .
1o s zz 45030 1504 sS850
. sl52 #2.00 0, i3 12‘:10:88_- 42.20 - 48.09

‘1« e ‘

o2 10023 6.03 _”12:73' 3.25° 15.66  47.92
o alE8 sle36 $1.23 50910 +1.27 - +4.06

3 1372 5.8 . 2232 _1J0. 1530  58.86

+1.45  +0.60 f-+1%§§ +0. +1.94  £5.21
11.80 ~ 5.88° 17,12 2.22  13.95  50.97 .

£2.48 11.85 4] ssifiofsz © 41,20, +6.31 ‘

18.55 3.94 17, 14>‘¥1L54; 575 47.50

€

N

;43,03 +1l62 4l 15f3¢0.52¢ CH0.71 4325

6 9.42 2;29‘.f1'i4 76[;}1.00,_ 6.92  34.65
Vilo1 10.63° ) 4XeE 0.5 4213 47.36

Grand Mean 12.66 . 392 © AT: 1212 49.73

L43.57 41,90, 44.20 “x1.06  +4.48  +9.85

y
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are in d1sagreement w1th thes#y flndlngs Patients were taking

_ progress1ve1y higher doses of MTZ for i per1od of one month and

changes 1n CLq of MTZ or changes in ur1nary excrét1on of the drug.
or its 'metabolites were not sxgn1f1cant 4
0n1y smal] amoqnts of HM. were recovered; as g]uéuronide

conJugates in the patients (0 5 to 4.3 % of dose) Th1s is in close

agreement W1th the observat1ons of Loft et al. (1986)_put»1s in .

. cantrast to those of Jensen‘and‘GUg1er.(1983) in heelthy' ubjects.
: ‘The fiqtter workers reported that op to,12 % of the dosq was excreted
~“as MM glucuronic acid and sulphate conjugates in 48 hri They used a
cambination of B;glucuronidase and squhatese for tne hydro]ysis of
| urinary conjugetes, and, therefore, nére not ab)e to differentiate
betneen the two conjugates. Neverthe]ess the presence pf sulphate

Cbnjugates.pof HM heve,been demonstrated only in the urine of mouse,

87 ‘."

and of both MTZ and HM in urine of rats by Stambaugh et al. (1968) -

and ings and McFadzean (1975), respectively. These. 2 groups of

workers did not find any sulphate conjugates in urine of man. In this

¢

- Study re]at1ve1y pure sulphatase was used and neither the sulpnate’.

conjugates of the 1ntact drug non\\f its hydroxymetabo11te were found
_ in urine of patients

,Ca]cqlated pharmacokinetic indices seem to be close to those

reported in. normé] subjects (Jensen and'dug}er, 1983; Bergan et al.,

l984).~ HoweVer, the results indicate substantial 1nter-patient

< v (:—--A.

—

variation for "all pharmacokinetic -ingdices of MTZ and HM. Greatest
. 1nteerat1ent ﬂyariations were observed in~the tl/2'of HM (CV, 41 %)
cand Ty, of MTZ- (CV, 34 %). With respect t; t1/2 of MTZ, patient 6

© ~

has a re]attvely small- value and can be redgrded as an outlier,
6 ‘ - o )



This patient s smeker and w~as not prevented from smoking during

~ the stuay. ''iys t .+ fore likely ‘hat 1nduct1on of,MILLpetabol1z1ng

J efizymes ray have crcurred ‘h1s pazient. Th1s is a]so made man1fest

in theLre1at'veW~ large CL, in this ratient (Table 3-2).
Strohg posit. e 1 nea ' correlations between plasma
concentra*ion ‘(.. ar A.l) and the dose of MTZ were observeéd for

‘s

Both MTZ (v >0.98 and v > U 48, respective]y)’and HM (r > 0.96 and

T > 0.97 respectively). °luis of the AUCs of MTZ and HM versus 6ra11y_h

>

“administered dose of the drug are shown for all six patients in

Figurev 3-3. "As depicted in Figure 3-4, the cumulative amounts

excreted in urine in one dosing interval at the s}eady-sta%e also

88

correlated well with the dose of MTZ administered (r > 0.97 for MTZ,

-

> 0.91 for HM, > 0.97 for MAA). These ;trong linear correlations and
the non-s}gnifi;ant intra-patient variation of all pharmacokinetic
parameters as was demonstrated by 2-way ANOVA indicate linearity in
pharmacokinetics of MTZ and its metabolites. The observed linear
kinetics- of MTZ in these patients{also agrees with that reported in
normal subjects (R;1ph, 1983). Using a n \ cific po]arograph1c
assay,l Amon et al. (1978); a]so reported this 11near1ty in female
patients infected with Trichomonas’ vaqina]js in the 250 to 2000 mg

dosage range. TN

In conclusion, the\pharmacok1net1cs of I 'Z &znd HM in Crohn’s
{ .

patients with clinically inactive d1sease is dose-independent within
. v

the 250 - 1000 mg/day dosage regimen range. Consequently, the ddse of

the drug may be altered in direct proportion tbithe desired p]ésma
concentration. Due to the Tinear relationship between Vd/F and total
body weight, it would be proper to. administer MTZ to Crohn’s patients

on a mg/kg basis.. : : e !



by

?' .
' v,
) ' e
5 200 -
400 i
. . HM A
3001 1501
|-
Ko
=
-
()] .
£ 200+ 100 -
N .
8)
, S
i <
100 - 50
| ¢ - S | g
' 0 T - 1 -~ ’T 1 0 ) '7, . 1 1 T, i (.)
0 . 250 5S0Q 750 1000 1250 O 250 SO0 7S50 1000 1250
-Dose, mg ‘ ' Bose, mg .

o ——
-

-

~

Figure 3-3. Regression plots of area-under b]asma concentration-time

o

curves of metronidazole * and hydroxymetronidazole in

patients -1 (o) 2.(8), 3 (©), 4 (m), s @) and 6 (O).

)

-

Q _— S

(Vo]



90

X ! F
- e (o) )z (o) 1 d 50 \ N
- 7 (D) gpue (ers ‘(m p () e (V)2 (0) T sjuatjed ut pi
7 upgmum [- m_o~mnrtmmums ncm m_onU,chmexxognxc .u—OvawcoLumE

jo0 co.uvzuxw xgmc,L: 3Alje|NWND 33015~ xoawﬁw jo sjold uoyssaabay "p-¢ a4nbiy

—

4 N W ‘asoq Bw ‘asoq

omm,\ooo. 0S¢, 00§ 0SZ 0O 0 052l 0001 0SL 005 0SZ 0O
* 1 1 } 1 n
J ‘ c
=
_ g
2 -
00l 3
-
wm /
=
: o®
o)
-00¢ w
. . . > .
. c
- =]
VW \ 71N 3
, aa . . : — — 005 © -
Q " . 3 /



LITERATURE CITED "

Amon, I., Amon, K. and Huller, H.: PharmacokineticsWAnd therapeutic

efficacy of metronidazole at different desages. Int. J. Clin.
Pharmacol. 16: 384-386 (1978). . _ w

N

metronidazole in patients.with enteric diseases com 0 normal

-Befgan, T., Bjerke Per E.M. and Fausa, 0.:- Pharmacokipetics of
paredt
volunteers. Chemotherapy 27: 233-238 (1981). ~ N

Bergan, T, Aase, S., Lernebo, ., Roland, M., Harbitz,\J. leen A.
and Liavag, I.: Pharmacokinetics of metron1dazo1e:§yd it’s maJor
metabolite’ after ~a high intravenous  dose
Gastroenterol. 19(suppl 91)+ 113 123 (1984). -
e . > o )
Bernst&in, L H., Frank, M.S., Brandt L.J. Boley, S.J.: Healing of
perind;1 Crohn s d1sease with - metron1 azole. Gastroenterology
79: 357-365 (1980)." : '

Best, W.R., Beckte], J.M., Singleton, J.W. and Kef%t—;.ﬁ Development
of a Crohn’s diséase activity .index-. National Crohn’s disease
study. gas{(oenterology 70: 439-444 (1976).

. Bo 7S Pharmaceutici? - Statistics.  Marcel DeRker Inc.,New
York, 1984, pp 236. . . o
Brandt, L.J., Bernstein, L/A: and Boley, S.J.: Metronidazole therapy
for Crohn’s disease: a follow-up study. Gastroenterology 83:
383-38[ (1982). 8 ‘
o o .
Finegold, S.M.: M on1dazo1e Ann. Intern. Med. 93: 585-587
(1980) ' ' v :

.Glba]d1, M. and Perrier, D.: Pharmacokinetics. 2nd ‘Editipn,
Marcel Dekker Inc.,New York, 1982,.pp 36 ;

Houghton, G.W., "Thorne, P.S.,* Smith, J., Templeton, R and Co]11ef,;

J.: Comparlson of the pharmacokwnet1cs of metronidazole in healthy
. volunteers following either -a single oral or 1ntravenous dose.
Br. J. Clin. Pharmaco™. 8: 337-341 (1979).

Ings, . R.M.J. and McFadzean, J.A.: The fate of metronidazole and its
implications in chemotherapy. Xerobiotica 5: 223-235 (1975)

‘Jensen, J.C. and Gugler, R.: Single- and mu1t1ple dose metron1dazo1e
~kinetics. Clin. Pharmacol. Ther. 34: 481- 487 (1983).

Kusumi, R.K., Plouffe, J:F., Wyatt, R,H. and. Fass, R.J.: cémaf

nervous system toxicity assoc1ated with metronidazole th rapy
Ann. Intern. Med. 93: 59-60 (1980).
[l N - §A

-

Scand. Jv.7 i"
B

o1 \



-
. ’ '.:'f ¥ ‘

Loft, Q., Dqss{ng, M.; Poulsen, H.E., Sonne, J.,'Olesen; X.-L.,

.Simonsen; . K. and Andreason, P.B.: Influence of dose and

administration on disposition of metronidazole and its: major
metabo1itesb Eur. J. Clin. Pharmacol. 30 467-473 (1986). '

>

‘Melander, ~A., Kahimeter, Gys Kamme, “L.. andp Ur‘%1ng, B.:
Bioavailability ,-of - metronidazole in fasting and -non-fasting -

healthy 3ubjects and 1in patients with Crohn’s disease. Eur. J.

Clin. Pharmacol. 12: 69~721(1977) - l
Ralph, E.D.: Clinical pharmacok1net1cs of"mefion{dgzore. Clin.
Pharmacok7net 8: 43-62 (¥983). _ - v 4 ‘

!

Roe,. . F J.C.. Tox1colog1c eva]uaﬂﬁon of metron1dazo]e with particular
reference to carcinogenic, mutagenic and. teratogllﬁc potential.
Surgery 93: 158-164 (1983). E : . g

Schneider, M.U., Riemann, ¥).F. and Laudage G.: Serum concentrations
of fronidazolé -and its main metabolite in patients with active
Crohn’s disease: corre1at1on with disease activity and therapeut1c
eff1cacy7 Chemotherap 345 352 ( 191}

A and  Houston,J.B.: Disposition of
its.. effects on su]fasa}a21ne emetaboldism in
ammatory bowel disease. Br. J. Clin. Pharmacol.

. ) ' ' . ) - . i ‘ : /

Feo, L.G. and- Manthei, .R.W.: The isolation and
of the urinary ox1gat1ve ~ metabolites of

i man. J. Pharmacol,  Exper. Ther. l§1:

Shaffer, J.L.,
metronidazole and
patients with 4
21: 431-435 (

Stambaugh, J.E.|,
jdentificatio
metronidazole
373-381 (1968).

Ursing, B. and Kamme, C.: Metronidazole for Crohn’s disease. Lancet

.

1: 775-777 (1975). ' \\

[ .v( .
Ursing, - B.O., Alm, T., Barany, F., Berge]1n, I. et al. A comparative
study of metronidazole and sulfasalazine for. actvve Crohn’s
disease: the Cooperative Crohn’s d1sease study ' in Sweden.

Gastroenterology 83: 550-562 ( 198&L/,/ .

.



CHAPTER 4 ' ;§
| INTERACTION OF METRONIDAZOLE WITH PHENOBARBITAL,
CIMETIDINE, PREDNISONE AND SULFASALAZINE IN CROHN'S DISEASE™

4.1. Introduction

Thé pharmacokinetics of therapeutic doses of metronidazole-
(MTZ) have been shown to be linear in Crohn’s diseése (CD) (Eradiri
éL .gl;3‘ 1987). gHowever, the 1influence of commonly co-administered
drugs on thé ‘disposition kinetics of MTZ in Crohn’s disease is
unknown.. As MTZ is more effective in.colonic disease, the drug may be
combined w%fh eitﬁér prednisone‘-(PR) -or sulfasalazine (SZ) in
patients. with ileal and colonic involvements. The effect of MTZ-on
| the disposition of S has- been reported (Shaffer et Q._-, 1986)¢>ut
| the reverse is not c]ear.:Prednisone has been ShoWh to reduce plasma
levels of theophy]]ine (Leavengol et al "1983;=Anderson et gl;,i

- =t _

1984), ‘Shorten the b]ood‘coagu1ation time durihg“ﬁicoumaro] therapy

(Mentze] and- Breyfuss, 1960) and rapidly terminate-the action of
.panguronium (L$f1ih;v 1977). The influence of PR on MTZ dispositioﬁ
is7" however, unknown. | '

‘Aneédbta] reports  on the possib]e a]terafion of MfZ‘

met:;yﬁism; by phenobarbital (PB), a potent mono-oxygenase enzyme

inducer, have appeared in the 11terdiure. First,zloagnides et al.

* A version of. this ‘chapter has been acceptéd for
publfcafioni Eradiri, 0., Jamali, F. and Thomson,.

A.B.R. Biopharm. Drug Dispos. (1987).

-----------
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(1981)  observed a markedly increased” systemic clearance' of
metronidazo]é in a patient on PB ‘thergpy_ compared to other
volunteers. Then, a case' report of a 4patient' with vaginai
trichomoniasis who. failed to respond to MTZ the}aﬁy during
concommitang intake of PB was reported by Mead et al. (1982). The
authors nptjced a shorter than usual half-life (3.5 h) for MTZ and ab‘
greater ratio of the major oxidative metabo]ite;fhydroxymetkbnidazo1e
(HM), to the parent drug (0.5 - 1.9);.Then %gﬁanother casevreport,
simile ‘bservations were made in fifteen'éthdrén (Gupte, 1983).
These observations were not accompanied by dét@_ ffom patients
receiving MTZ alone and the calculation of half-life in the last 2
stﬁdieﬁ was - based on only two data points from each patient. During

p
the preparation of this thesis, Loft et al. (1987) reported a

1.5-fold increase in systemic clearance of a single 500 mg iv dpse of
MTZ after 7 days of PB (100 mg per day) administration to hea]tﬁy
subjects.‘ The sdme authors did not observe an alteration in MTZ
disposition following administration of 1 g cimetidine (CM), a'potent/
inhibitor of bepatic mixed function oxidase, for 1 day tb 4 healthy
volunteers. However, treatment with 400 mg bid for six days of CM had
eér]ier \on been observed to inhibit the elimination of single 400 mg
\ Iv doses of MTZ in healthy subjects‘mgGug]er and Jensen, 1983).

Although this has been attributed to the inhibition of MTZ metabol1c

pathways, the fate of the metabolites of the _drug has not been

reported.
Patients suffering from CO may take other drugs that are not
directly reIated_to the therapeutic management>of the disease itself.

~~Those on MTZ therapy may therefore require CM, or PB. This study was

p

/
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undertaken to - i~ CM, PB, PR'or SZ aTter the pharmacokinetics . -~

~of MTZ when co-ad=in stered toACDvpatients.
4.2. Materials and Methods

4.2.1. €hemicals _ <' ' ‘ o

Flagyl tab]etg and standard laboratory powder of MTZ and its
metabolites, HM 'aqd MAA were gifts.fro%ﬁhone-Poulenc Pharma. Inc.
(Monirea], Canada). .Phenobarbital, éimetidine (Tagamet), predniéone
(Apo-prednisone) and sulfasalazine {Salazopyrine) were 6urcﬁased from
ICN (Montreal, Canada),. SKF (Montrea1,b Canada) Apofex (Io}onto,

Canéda) and Pharmacie (borva], Canada), respectively.

4.,2.2. Patients

4P§ior to patient recruitment, approval from the Ethics Review

Committee of the University of Alberta Hospita]é was obtained. Thé

. Pl
six patients {(Table 4-1) who volunteered for the Tinearity study .

described in Ch: =2r 3 also gave written consent to participate in

‘ . ) . \
this study. Blood and urine chemistry indicated narmal liver and
kidney functions. The disease was clinically inactive in-all patients

< o
throughout the study.’

4.2.3. Protocol Lo \ R

Fo]]owing éﬁ overnight fast of at least 8 h, MTZ was ingested
alone (250 mg bid) and on sepafaté occasions with CMZ(GOO‘mg bid, -
po), PR (10 mg bid, po), SZ (1 g bic, po) 6r PB (60 mg bid, po) 2 ;

after MTZ. tach dosage regimen was fg]]owed for. six days. On the

4
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Table 4-1. Patient characteristics.

Ky

PATIENT SEX# AGE WEIGHT HEIGHT

) (kg) (cm)

—
=

47 101.9  182.7
R F 62 - 54.2  167.0
3 M 25 68.7  179.0
R R . 538 169.0
5 M "{j?ii> 78.7 1815

6 Foo32 68.5  166.9
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seventh day, blood samples were collected into hepaﬁigjsédséybes
before and at 0.25, 0.5, 0.75, 1, 1.5, 2, 3,4,5,17, 9~and\12’h
after administration of the first,;ose. Total urine ygs collected for
12 h. In four 6f the patiénts, a 24 h blood §amp]e was also-
collected. | Blood sahp]es were centrifuged imhediaté]y after
collection and the plasma portion as well as ufine samples were

stored at -20° until analysis. - ®

42,4, e analysis o
' The HPLC method for assay of urine and:p1asma samples as well
as detérmjnétion of glucuronide conjugates of HM and MTZ have been
described in Chapters' 2 and 3. However, in cases where SZ was also
being inéésted, the plasma samﬁﬁ;s were analysed using a modified
~assay .ds sulfapyridine, a metabolite ¢¥ SZ, ahg the‘interna1«3tandard
eluted together with the previous method. The mobile phase contained
acetic acid, tetrahydrofuran, triethy]aming, aﬁd water
(1:3:0.15:95.85) and was pumped at a f]ow rate ~of . 1.2 ml/min.
Tin%dazo]e' (12.5 ’mg/L) was used as internal standard and the e]uént
was monitored at 313 nm. Retention times of HM, MTZ, tinidazole and
sulfapyridine were 4.3, 5.6, 8.2 and 9.4 min, respectiv%]x and the
coefficients of variation of the slopes for the standard curves were
5.27 % for HM and 5.53 % for MTZ. However, none of the assays was
found suitable for anglysis of urine samples following administration
of SZ due to .the elution of an interfering peak with the intesral .

standard. ATheSe urine samples were therefore not analysed.



~

4.2.5. Pharmaéokinetic_calcu]ations\

——

Pharmacokinetic parameters were calculated using  the

non-compartmenta] approach '(Giba]di and Perrien; 1982). ‘The areas

under the p]asma ‘concentration versus ‘time curves from zero to 12 h

a—

éAUC) were calculated us1ng the ]1near trapezoidal rule. The first

sorder e11m1nat1on rate constant ( A;) and the t1/2§ were computed

from the slope of the " log-linear portion of ‘the p1a§na N
- concentration-time ~curve by Tlinear regfes;ton. The oral c1eafonce
_‘A(CLO) ‘was ca]cu]ated as CL, = Dose/(AUC x BW) where BN is thé
~total body weight. The vo]umo of distribution, V4/F (F, extent of

absorption) was  obtained by Vy4/F = CLy/ X, and renal c]eafance
(CL,) was estimated as ClLr.= X/(AUC X Bw)vwhere X is thé’amount of
drug excreted intact in urine during thé dosing interval .of 12 h. The
peok plasma concentrotions (Cpax) and time to its attainment

(Tmax) were obtained directly from the plasma concentration data,

r

4.2.6. Statistics = ‘
¥ Two-way ANOVA (Bolton, 1984) “was perforned on the data for

each  parameter. Where a significant F-value was obtained, the

Duncan’s multipJe range test was used to compare the treatment means..

The level of significance was set at 0.05. Data are expressed as
o 5
arithmetic mean + SD.

4.3, Results

Typi§a1l plasma concentration versus time curves of MTZ and HM

“are depicted in Figure 4-1 for patient 1 as representative of the

sample population. Calculated pharmacokinetic parameters and the
N . 9 . .
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.. urinary excretion .data are contained 1§‘.T‘
: i 4

I -

“¥ES;3ctive1y. Peak p]asmé MTZ levels were reécké

n
‘\‘ 5&

A ¥ _

L.

g

ples 4-2 and 4-3,

“eapidly during all

five dosage regimens (Tp., < 2 h with the excepti&ﬁvof two cases).

The Tp.y of HM was longer and averaged 5 h. Thé'variations in

“Vy/F foT]owing the different 'treatments\]were not significant. The

renal clearance of MTZ was also similar 'for all dpsage regimens

~except during PR “treatment where ~an .increase- was observed. The

, . i '
pharmacokinetic parameters following administration of\:MTZ alone are
very similar to those obtained in the same patients in the linearity
study. However, -a somewhat greater urinary excretion of é]ucuronides

of MTZ (1.3-fold) and-HM (2.0-fold) was observed. g
4.4, Discussion

4.4.1. Phenobarbital
. ° A )
The results indicate a substantial and significant
interaction -between MTZ and PB jn CD patients and therefore confirm

the clinical observétions of  MTZ. failure when concomitantly

100

administeréd with' PB. The Tatter decreased the AUC and tl/Z of the

1

former when coadministefed.-However, in none of the patients was the
magnitude of reduction in t1/2 as much as that in the patients

studied by Mead et al. (1982) and Gupte (1983). This could be due to

3

the administration of a 1argér PB dose by the former investigators or

to the difference in patient population, In addition their

~calculation of t1/2 with only two data points might have been

associated with ‘considerable error.

&,
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1 Table 4-3. Mean steady-state urinary excretion of ‘metronidazole (MTZ) ,////—f

4

hydroxymetronidazole (HM) and.metronidaio1e-lfacetic acid (MAA).

N

* Treatment MTIZ .. HM MAA Total
: Intact Gluc. Intact Gluc
- A. Metronidazole 12.20 6.641 19.32 4.283 16.72° 59.16
alone +2.36 11156 #3.77 0.992 , #2.47 47.75
. E . {
B. +Cimetidine =~ 11.34 5.570 24.74 4.675 16.04 62.37
»  44.2% $2.83 +5.49 +1.7b  #8.02  +11.59
C. +Phenobarbital 8.673*5.487 29.42%3.953 '14.74f 62.27
+2.16 +1.04 +4.64 +2.47 +2.62 +6.98
_ -
D. +Prednisone 12.25 5.979 '25.81*5.759 15.29 65.08
s £3.37 +1.85 47.30 +2.12  42.70 +10.94
‘', :
. MZintact: A-B 0 C
- ’ 1S
/ . HMintact: A-B C D
/ .
. \ Results are expressed as percent of dose of ‘drug.
@ ( ‘
L * significantly different from control; means not significantly
\' different are joingd by a straight line. S
\
\
)
) // B ‘\
® (> ¢ ///
e
,/’////- /
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A significant decrease in u}inafy excretion of MTZ uuring PB

therapy was also observed. The corresponding observed increase in AUC,

«and urinary excretion of HM are strong indications that PB"induces

<

microsomal enzymes that cataTyse the metabolic pathway of MTZ to HM.

~This finding s in_agreemeﬁt with that of Loft et al. (1987). It may

also 1indicate that'ghe pathway of sequential metabolism ofAHM was not

induced "by PB, otherwise a reduced rather than an increased AUC would
have been expected un]eﬁs one speculates that even if indug;ion of HM
metabolism - by PB abeé occur, the magnitude is not sufficient to
offset the increase in the formation of the metabo]fte‘from MTZ. The

o ' b |
sequential metabolism of HM has’ been reported as an unimportant

pathway of e]imination'.(Stambaugh et al., 1968) but it is not known ‘

£

J .
if phenobarbital or any other drug has any effects on this metabolic
pathway. A small but consistent decrease in urinary excretion of MAA

¢ :
was observed-during PB co-administration in" all of the patients. This

can be attributed to a preferential metabolism of M{ to HM as PB'is

unlikely to inhibit any metabolic pathway. There is also no evidence’

in the literature suggesting sequential metabo1ism'of MAA, otherwise
it could bé-'surmised that PB induces the sequential metabolism of

MAA.

Concerns have been expressed regarding the potential.

increased side effects of MTZ thérapy if there is a build-up of the

i\\

103

hydroxy metabolite (Jensen and Gugler, 1983). The increased plasma )

concentration of HM in patients with renal failure has, however, not
been associated with increased untoward effects of MTZ therapy
(Houghton et a.., 1985; Bergan and Thorsteinsson, 1986). The dose of

MTZ may therefore be increased if“fhe patients on the drug also need



¢

¢ ) -

4

PB. However,. such -a dosage adJustment may result in the bu1}d up of

the hydroxy metabolite for wh1ch the toxic man1festat1ons are yet .

unknown. . .

4.4.2. Cimetidine = 3 7 -

-

Cimetidine vis'vé we]] known inhibitor of hepatic mixed

function oxidase drug metabo1ism..Hdkever, the metabolism of MTZ did

not change significantly in the \patients during co-administration

with CM. This observation 4dis in agreement with that'oF‘Loft et al,
(1987) but -in disagreement with the findings of Gug\er and Jepsen
(1983) who administered one s1ng]e 400 mg iv dose’ of M*% to hea]thy

subjects  before and after CM treatment and measured the intact drug

n- p]asma"but not it; hydr8xy Vmetébolite. As patients vary from‘

“healthy volunteers in 'many,‘ways, it is Tikely that tH%y will Vary

more \in resbonse to metabolic inhibition (Powell and Qonn, 1984).
JaeL

Cimetidine caused an increate in AUC’of HM‘tn all but o ,pitient:

the mean value was, however, not significantly different from the
3 ) .

control. In one of the patients, the AUC was increased by as much as

33 %. The corresponding observed but insignificarqi increase in

urinary excretion of HM “indicates .that CM does not inhibit the

“urinary excretion ofd this metabolite. Rather, CM may be inhibiting

Lhe Sequentia] metabolism of HM leading to inctreased plasma and
) ’ . .
urinary levels. .

The renal clearance of MTZ was found to be significantly

agree with the suggestion that CM inhibits the tubular secretion. of

* basic drugs (Nazario, 1986). Although MTZ contains th

104

’

reduced during M treatment by Loft et al. (1987). This appears to



4
e]ectfon-donating hithogen atoms, the presence of the very strong

'e]ecthohfwithdrawingf:hiévo‘ group makes the cohpound quité acidic in
| v '

aqueous solution (Gallo et al., 1963): It is therefore unlikely that‘l

M wpﬁ1d cause profound, inhibition of renal’ elimination of MTZ |

through the pathway suggésxed by Loft et al. (1987). Accordingly, M
was found not . to, s1gn1f:?fht1y reduce the renal c]earance of MTZ in
| the patients stud1ed;j ) |

MTZ s ’necognised as a sens1t;zer of individuals to- a]coho]
\(Brien and Loomis, 1985) _Th1s 'effect has been attr1buted to

inhibition of _a1coho1-dehydrogenase and other alcohol oxidizing

éniymes (Hig;zf' t 1.,-1969f. The formation of MAA from MTZ involves

conversion of an alcohol to.a carboxylic group. Perhaps alcohol

metabolising enzymes also catalyse tgjs metabolic pathway of MTZ The
finding that co-administration of:CM and MTZ d1d not alter MAA
yrinary “excretion in the Crohn’s patients ma§ be a confirmation of
the lack of effect'of CM ¢n alcohol metabolism that has been reported

" by Johnson et al. (1984) and Couzigou et al. (1984).

v4.4.3. Prednisone .

"Similar to PB, PR cau:ed a significant reduction in AUC and
significant increase in oral clearance of MTZ, as well as a
significént increase in the urinary excretion of HM. The renal
¢learance of MTZ was also observed to have been increased during PR
co-administration. The tj,, of MIZ was also shortened but thjégdid
not achieve st?;istical significance. Similarly, the Cmax and AUC'pf

HM were increéséafpbg'the overall changes were not significant. These

effects are indicative of induction of metabo1ism}of MTZ by PR.
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.

A-d#Fson et al. (1984) measured theophylline levels following

&

~administration of 200 mg aminophylline a]ong and in combinatjon with

prednisone to six hea]tﬁy subjegts,lThei: observed decrease in AUC of

106

theophylline in the aminophylline plus predgisone treatment was-"

»

“attributed to increased eliminafion of the forme TALaf1in (1977) also

postulated induction .of hepatic bibtransformation by'prednisoné as

. ¥ ‘ . ,
. one of the explanations. for the rapid termination of

pancuronium-induced :neuromuscular blockade by prednisone in a
patient. The data seem to support these observations. y"

In Crohn’s disease, an increase in"®¥he dose of MTZ would be

required if the drug is to be co-administered with prednstne “The

dose may be .changed w1thout any concerns of t0x1c1ty as the hydvong

metabo]ite plasma concentrat1on does not seem to increase as much as
the case with PB. This may be attr1buted to an induction of the
sequential metabo]1sm of HM. \>

4.4.4. Sulfasalazine S S ' i Y
- Sulfaslazine is the drug of choice in the treatment of

inflammatory bowel disease. SZ is split at the azo-bond by colonic

" bacteria into 5-aminosalicylic ‘acid (5-ASA) and sulfapyridine

-(Peppercorn, 1984). It 1is believed that 5-ASA is the active moeity
and that sulfapyridine is respogs{b]eA'for the side effects of the
N : .

drug. Interactions of these two cbmponents of SZ with other drugs are

N

not

known. Juhl et al. (1976) measured p]ashé and urine Tevels of digoxin |
. before gnd after administration of SZ to healthy subjects and

reported -a decrease *ﬁ?avaﬂapﬂit)’ Qf digoxin. The exact
. ‘

mechanism of this 1nterac is unknown. It has also been reported



that \YA aggravates the folate malabsorption that is characteristic of
1nf1ammatory bowe] disease (Franklin and Rosenburg, 1973). Shaffer et
gl;r (1986) ‘reported comp]etesabsorpt1on of MTZ dur1ng NYA therépy.in
patients wifh-'infTSmmatory bowel disease. The p1asma data from our
pétients a]éo indicate = that ° absorpt1on of MTZ s not- 1nf]uencec by
SZ; thg AUC and CL, were not significant]y changed by SZ.

“In conc]usion: bhenobarbita1 and prednisone significantly

induce the metabolism of metronidazole in: Crohn’s -patients with

‘ﬂclinica11y inactive disease.’ Cimetidine “and sylfasalazine, on the

other hand, dO-QPt alter metronidazole pharmacokinetics.
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CHAPTER 5 (.

.- - -

GENERAL DiSCUSSIONﬁAND CONCLUSIONS

r~

$
The Tlimited pharmacokinetic information on MTZ in CD is based

on single dose studies despite the fact that the drug is administered
chronically to patients. Some of the studie$ also ‘suffer from
analytic problems. In addition, the neurologic side effects of the
MTZ are dose dependent as théy disappear on withdrawal of the drug.
" An investigatiom, of the linearity or non]inea}ity of the dr%g in €D
was thereforé ‘ eduired. This s paYticu]ar]y\‘»important as
speculations that MTZ 'exhibits?qbniihear phafmacokinetics in'nofma1
healthy subjeg}s have been made. %His coﬁc]usionAhas been baséd on
“purported changeg s in ejther urinary excretion of the hydroxy
metabolite during mu]iip]e dosing or total systemic clearance of tQF
' drug with all other parameters remaining unaffected when‘the dose: is
changed. It could also be surmiged %rom Jiterature reports that the
metabolism of MTZ in hea]thy&é&bjécts is inducible by PB and can be
inhibited by CM. The {nf1uence of(thé most widely used drugs in the
maﬁaéement of CD, PR and SZ; on MTZ disposition havegéhowever,
remained unknown. A study of the interaction of MTZ with PB, CM, PR
and SZ.fn CD was therefore warranted.

4

The HPLC assay procedures emp]oyéd were modifications of

previously reportéd methods and were found to be specific, sensitive,
rapid, accurate and convenient. The pharmacokinetics of MTZ in the

patients studied: were found to bt independent of the dose

administered. This indicates linear kinetics within the 250 to 1000

L3 R -
F <
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mg/ddy range dosage regimen.

MIZ is known to have a3 volume of distribution that

-’

approximates that of total body water. Interestingly, the uncorrected

 V4/Fs. were found to correlate strongly with the patients’ total

body weight. {he ~administration of the drug on a mg/kg basis to CD
patients would therefore lead to more predictable blood levels.

| The .pharmacokinetic interaction }of MTZ with PB and PR was
found to be significapt. The latter 2 drugs both induced the

nydroxylation “of MTZ. The results indicate that the observed

interactions may be clinically significant. Subsequently, the dose of

MTZ should be increased if the drug is tobe co-administered with

either PB or PR to CD patients. With PB, however, a bui]d-uptof HM

“would be expected whereas this should not occur to a significant

ey ,
extent with PR co-administration. The disposition of M¥Z was not

influenced’ by CM and SZ. However, CM seemed td cause a build-up of HM
] .

in the plasma of.a11'patieﬁts albeit this was not significant. It is

therefore possible that CM inhibits the sequentia  mgtabolism of HM.
tqncerns about ‘toxicity due 'to HM accumulation havéﬁgeen eip?esséd
but this remains to be investigated.

In conhiusion, the pharmacokinetic§‘ of MTZ is 1ineér in,
clinically ‘inactive CD within - the :250 to iOOO mg/day range dosage
regimen and concentrations of Epe drug {n plasma are dependent on
total bédy weight. PB and PR siéé{ficantlj induce the metabolism of
MTZ in CD. patients with c]iniga]]y inactive diseasg. On the other

hand, CM and S do not alter MTZVBﬁQ?macokinetics.
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