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ABSTRACT

Acetaminophen (paracetamol) is widely used as an analgesic-
antipyretic drug and usually prescribed in combination with many drugs
including erythromycin or/and cimetidine. Erythromycin and cimetidine
have been known to be able fo inhibit the cytochrome P-450 (CYP) mixed
function oxidases, CYP3A4 and CYP3, respectively (Gonzalez, [989;
Gonzalez and Idle, 1994). These enzymes are involved in the minor
metabolic pathway of acetaminophen in therapeutic dosage (Thummel, et al.,
1993).  The objective of this study is to examine the effect of
coadministration of erythromycin and cimetidine on the pharmacokinetics of
acetaminophen. The pharmacokinetics of acetaminophen were determined
in 7 healthy volunteers after receiving acetaminophen 1000 mg as an oral
single-dose in 3 occasions : (a) acetaminophen alone, (b) after pretreatment
with erythromycin 250 mg given orally 4 times daily for 7 days, and (c)
after prefreatment with erythromycin at the same dose and duration and

cimetidine 400 mg given orally twice daily for 7 days. The pharmacokinetic

(5)




parameters were determined from plasma acetaminophen concentrations
during 8 hours using High Performance Liquid Chromatography (HPLC).
Statistical analysis using analysis of variance (ANOVA) indicated that there
were no significant difference (P > 0.05) in all pharmacokinetic parameters
among the 3 studies. Therefore, the results suggest that clinical combination
of erythromyein, cimetidine and ‘acetaminophen in therapeutic dosaggs’ are

not likely to produce pharmacokinetic interactions.
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CHAPTER 1
INTRODUCTION

Acetaminophen (Paracetamol; N-acetyl - p - aminophenol) was first
used in medicine by Von Mering in 1893. However, it has been gained
popularity since 1949, after it was recognized as the major active metabolite
of both acetanilide and phenacetin which were proved to be excessively
toxic.

Acetaminophen is an effective analgesic - antipyretic drug which has
a weak anti-inflammatory action. It is only a weak inhibitor of prostaglandin
biosynthesis. Some evidence suggest that it may be more effective against
enzymes in the central nervous system than those in the periphery perhaps
because of the high concentrations of peroxides that are found in
inflammatory lesiont (Marshall, 1987).

Single or repeated therapeutic doses of acetaminophen have no effect
on neither cardiovascular nor respiratory systems. Acid~base changes do not
occur, Acetaminophen does not produce gastric irritation, erosion, or
bleeding as occur after administration of salicylates. Moreover, it has no
effect on platelets, bleeding time or excretion of uric acid.

Acetaminophen is well tolerated and produces fewer side effects than
aspirin. It is available as over the counter drug. Therefore, it has earned a
prominent place as a common household analgesic. However, acute

overdosage (usually doses greater than 10 to 15 g) and, very rarely, during




long term treatment with higher doses than that of the therapeutic range
“cause fatal hepatic damage (Bonkowsky, et al.,1978; Johnson and
Tolman, 1977, Ware, et al.,1978). Because the excessive amount of
acetaminophen causes saturation of the glucuronidation and sulphation, large
proportions of acetaminophen undergo cytochrome P - 450 mediated N -
hydroxylation to form N - acetyl - benzo - quinoneimine, a highly reactive
intermediate. This metabolite normally reacts with sulfhydryl groups in
glutathione. However, after a large dose of acetaminophen, the
metabolite is formed in large amount and can cause depletion of the hepatic
glutathione; under these circumstances, reaction with sulfhydryl groups in
hepatic proteins is increased and hepatic necrosis can be resulted from
acetaminophen hepatotoxicity.

Raucy, et al. (1989) examined the acetaminophen oxidation in
human liver microsomes. There were inhibition, mediated anti-P450I1E1
IgG, of .the reactive metabolite formed from 10 mM acetaminophen
averaging 52% (range 30-78%) and inhibition, mediated anti-P450IA2 IgG,
of acetaminophen activation ranging from 30-56% of the total activity. The
authors suggested that cytochrome P-450lIE1 and 1A2 catalyze nearly all the
acetaminophen activity in human liver microsomes.

Thummel, et al. (1993) demonstrated that cytochrbme P-45011A4
also catalyzed the formation of N-acetyl-p-benzo-quinoneimine, the reactive
metabolite of acetaminophen, with a Km of approximately 0.15 mM which
correlated with maximal acetaminophen plasma concentration after 1.0 g

dose, approximately 0.1 mM, and their result at concentration 10 mM




acetaminophen wés similar to those of Raucy, et al. (1989), then the authors
suggested that cytochrome P-450IIIA4 contributes appreciably to the
formation of the cytotoxic metabolite N-acetyl—p—benzoquinoneimine at
therapeutically relevant concentration of acetaminophen.

The formation of the acetaminophen-reactive metabolite and the
severity of hepatotoxicity in laboratory animals are greatly influenced by
modification of the activity of the hepatic mixed-function oxidase system.
Induction of cytochrome P-450 with phenobarbital, 3 - methylcholanthrene,
or ethanol incrcase hepatotoxicity, (Mitchell 1973; Moldeus 1980) while
inhibition of cytochrome P- 450 with piperonyl butoxide, cobalt chloride, or
metyrapone marked decreases the sensitivity of laboratory animals to
acetaminophen - induced hepatotoxicity (Jollow, et al., 1973; Mitchell, et al.,
1973a). In addition, a study of the effects of enzyme inducers (phenytoin
and carbamazepine) on acetaminophen metabolism in human volunteers
showed that pretreatment with enzyme inducers increased the clearance of
acetaminophen and glutathione-derived conjugates. Likewise, some studies
showed that propranolol and isoniazid which are enzyme inhibitors,
decreased the cl(‘az}rance of acetaminophen and glutathione-derived conjugates
(Baraka’, et al., 1990; Epstein, et al.,, 1991). Thus, factors that selectively

induce or inhibit the oxidative metabolism of acetaminophen may enhance

* “or reduce the hepatotoxic effects of drugs in man.

The macrolide group of antibiotics includes erythromyein,
triacetyloleandomycin, spiramycin and the newer derivatives, josamycin and

medicamycin. Among this group, erythromycin and triacetyloleandomycin




are the two most important and most frequently prescribed members
(Ludden, 1985). Both erythromycin and triacetyloleandomycin appear to
have potential o inhibit drug metabolism in the liver and also drug
metabolism by micro - organisms in the gut, either through their antibiotic
effect or through complex formation and inactivation of microsomal drug
oxidizing enzymes (Danan, et al., 1981; Larrey, ef al., 1983a&b; Delaforge,
et al., 1983; Pessayre, et al, 1983). Of the two agents,
triacetyloleandomycin appears to be the more potent inhibitor of microsomal
drug metabolism than erythromycin. Josamycin has seldom been involved in
causing drug interactions, while medicamycin and the older derivative
spiramycin have not so far been incriminated (Ludden 1985). There were
many studies which reported that erythromycin is a specific inhibitor of
cytochrome P-450HIA4 isosyme (Gonzalez, 1989; Gonzalez and Idle,1994;
Pichard, et al.,1990; Spinler, et al.,1995; Thummel, et al.,1993).

Cimetidinle- is one of the histamine H,-receptor antagonists. It is a
4,5-substituted group of imidazole derivative and this part of its structure is
“important in binding to the heme moiety of cytochrome P-450 and inhibits
the activity of microsomal enzyme (Testa and Jenner,1981). Gonzalez
(1989) and Gonzalez and Idle (1994) elucidated that cimetidine is able to
inhibit cytochrome P-4501T and 1II families in man.

On the basis of the inhibitory action of both erythromycin and
cimetidine on the cytochrome P-450 hepatic mixed-function oxidase, the
plasma concentration of acetaminophen may be theoretically altered after

coadministration with erythromycin alone or in combination use with




cimetidine. Therefore, the present study was undertaken to determine the
effect of erythromycin administration ajone or in combination with
cimetidine on the oral single dose pharmacokinetics of acetaminophen in

normal volunteers.




CHAPTER 2

LITERATURE REVIEW

Acetaminophen

Acetaminophen (Paracetamol, N-acetyl-p-aminophenol, 4-hydroxy
acetanilide) is a derivative of écetanilide, an aniline-like compound. In
1886, acetanilide was introduced into medical practice and it was soon
found to have unacceptable side effects, the most alarming being cyanosis
due to methaemoglobinemia. Acetaminophen was first used in medicine by
Von Mering in 1893. However, it has been gained popularity since 1949,
after it was recognized as the major active metabolite of both acetanilide and
phenacetin which proved to be excessively toXic.

Acetaminophen has a molecular weight of 151.2 and is a moderately
water and lipid-soluble, weak organic acid with a pKa of 9.5, and is thus

largely unionized over the physiological range of pH.

NHCOCH,

OH

Figure 1 Molecular structure of acetaminophen

a*




The basic pharmacological mechanisms of action of acetaminophen
has not received the scientific attention accorded to the salicylates and many
explanations for its activity appear to be just speculation. It has analgesic
and antipyretic properties which do not differ significantly from those of
aspirin but it lacks the potent anti-inflammatory action of aspirin, because it
has more effective against enzymes for prostaglandins biosynthesis in the
central nervous system than those in the periphery. The explanation of this
property is that there might be high concentrations of peroxides which can
stimulate the activity of the enzymes for prostaglandins biosynthesis, in
inflammatory lesion (Marshall, et al., 1987).

Single or repeated therapeutic doses of acetaminophen does not affect
the cardiovascular and respiratory systems. Acid-base balance does not
change and the drug does not produce gastric irritation, erosion, or bleeding
that may occur after administration of salicylates. It has ﬁo effect on

platelets, bleeding time, or excretion of uric acid.

1. Pharmacokinetic properties
1.1 Absorption
Acetaminophen is an almost orally administered drug. It is only
“minimally absorbed from the stomach after taken orally. Absorption is by
passive diffusion with first-order kinetics and occurs mainly in the small
intestine. 'The gastric emptying is™ rate-limiting in the absorption of
acetaminophen which Clement, et al. (1978) showed that the value of first-

order rate constant for drug transfer from small intestine into systemic




circulation was greater than the apparent first-order rate constant for
absorption from gastrointestinal tract. Acetaminophen is rapidly and almost
comipletely absorbed. The systemic bioavailability after oral administratiorn
is incomplete because of first-pass metabolism. Some metabolism may occur
during absorption. Josting, et al.(1976) studied the glucuronidation of
acetaminophen in the rat intestinal loop and found that 8% of the drug was
metabolized by the perfuséd rat intestinal loop during a 30-minutes period.
The proportion of a dose reaching the systemic circulation as unchanged
acetaminophen appears to depend on the amount of the drug given,
decreasing from about 90% after 1 to 2 g to about 70% after 0.5 g (Rawlins,
et al.,[977). The concentration in plasma reaches a peak in 30 to 60
minutes and half-life in plasma is about 2 hours after therapeutic doses. The
usual therapeutic doses produce plasma concentration of 5 to 20 pg/ml.
After 8 hours only small amounts of unchanged acetaminophen are
detectable in plasma (Clissold,[986). In absorption phase, acetaminophen
absorption seems to be predominantly dependent on the gastric emptying
rate. Factors that alter the gastric emptying rate will influence the
acetaminophen absorption.

1.1.1 Effect of Sex

Woijcicki, et al.(1979) demonstrated that the maximal plasma
acetaminophen concentrations in women in both luteal and follicular phases

were significantly higher than in men.’




1.1.2 Effect of Food

McGilveray and Muttock (1972) found that in fasting state, the
maximal plasma concentration of acetaminophen occured 20 minutes after
ingestion, but were delayed to 90 minutes after a high carbohydrate meal, in
the same subjects. Similar result was shown by Jaffe, et al. (1971) and they
found that high lipid and high protein meals appear to have no such effect.
Holt, et al. (1979a) shown that gastric emptying rate and acetaminophen
absorption were slower after gel fibre (guar gom and pectin mixed solution)
but he total absorption was not significantly reduced. They suggested that
viscosity is an important property of dietary fibre to alter gastric emptying
rate.

1.1.3 Effect of Posture

Nimmo and Prescott (1978) found that acetaminophen absorption rate
were markedly reduced when subjects lay on their left side compared with
when ambulant, after acetaminophen ingestion the plasma concentration
were 0.18 and 2.8 pg/ml at 15 minutes and 7.8 and 20.8 pg/ml at 30
minutes, respectively.  The authors suggested that the alteration of
acetaminophen absorption was caused by the changing in the gastric
emptying time.

1.1.4 Effect of Drugs

Nimmo, et al (1975) observed that there was marked delayed the rate
of gastric emptying and acetaminophen absorption in patients during labour

after receiving pethidine, diamorphine, or pentazocine.
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Joel, et- al. (1995) observed that there is no change in area under
concentration-time curve (AUC) of acetaminophen after met}oclopramide or
propantheline administration, but significant delay in time to reach maximal
plasma concentration (T, ) being seen on co-administration with etoposide
and propantheline.

1.1.5 Effect of Discase
1.1.5.1 Gastrointestinal disease

Gastrointestinal disecase may slow gastric emptying and delay the
complete absorption of acetaminophen and other inflammatory
gastrointestinal disease such as graft-versus-host (GVHD) of the gut,
Behcet's syndrome and scleroderma involving the gastrointestinal tract may
directly reduced acetaminophen absorption (Gubbins and Bertch 1991).

Holt, et al. (1979b) found that the acetaminophen absorption was
slower in the coeliac and Crohn’s disease patients, as indicated by later and
reduced peak plasma acetaminophen concentration but total absorption was
not different.

1.1.5.2 Malnutrition

Bolme, et al. (1982) compared the acetaminophen absorption between
the Swedish children and the Ethiopian children. The Ethiopian children
were divided in three groups: normal children with adequate nourishment,
children with Marasmus (moderate malnutrition) and those with
Kwashiochor (severe multrition). The absorption time (t; ,(abs) + S.D.) was
similar among 4 groups but the fraction of absorption was reduced in all 3

groups of the Ethiopian children which was related to nutritional status.
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1.1.5.3 Pregnancy

Galinsky and Levy (1984) shown that an oral dose of acetaminophen
was absorbed much more slowly and incompletely on the last day of
pregnancy than 38 days postpartum. The authors suggested that the slowly
and incompletely acetaminophen absorption due to decreasing gastric
emptying rate in late human pregnancy.

[.1.5.4 Liver disease

El-Azab, et al. (1996) shown that in elderly patients (45-65 years old)
with liver cirthosis from schistosomal infection plasma acetaminophen
concentration in early stage, before the time (o reach maximal plasma
concentration, was significantly higher than younger patients and healthy
subjects. The authors suggested that in these patients with higher initial
plasma concentration, it is probably due to the development of collateral
circulation and reduce the first-pass metabolism of acetaminophen in the
liver.

1.2 Distribution

Acetaminophen is rapidly and uniformly distributed throughout most
body fluids; the tissue : plasma concentration ratio of drug is unity in most
tissues except in fat and cerebrospinal fluid. Generally, the apparent volume
of distribution of acetaminophen is about 1 I/kg. Gazzard, et al. (1973)
investigated the binding of acetaminophen to human plasma protein by
ultrafiltration and equilibrium dialysis and found that at plasma
concentrations of less than 60 mg/l, acetaminophen does not apparently bind

to plasma proteins; at 90 mg/l protein binding was less than 5%; and after
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toxic doses (plasma drug concentrations of up to 280 mg/l) protein binding
varied from 8 to 43% with no correlation between binding and plasma
acctaminophen  concentration, and no binding to red blood cell was
observed.

Divoll, et al. (1982) demonstrated that the volume of distribution of
acetaminophen (corrected for weight) was larger in men than in women
(0.99 and 0.86 I/kg) and declined with age in both sexes. The authors
explained that the reduction in volume of distribution of acetaminophen ‘in
women and elderly due to increasing fat per kilogram body weight in them
and incomplete distribution of nonlipophilic property of acetaminophen into
body fat.

Beaulac-Baillargeon and  Rochelue (1994)  found an inverse
correlation  of v = 0.85 between maximal plasma acetaminophen
concentration and the weight of the pregnant women (P < 0.01) but not with
the weight of the control women. The authors suggested that weight gain in
pregnant women due fo the expansion of total body water caused by an
increase in the plasma volume, extracellular fluid and amniotic fluid. So that
increasing in volume of distribution of acetaminophen relate to lower in
maximal plasma acetaminophen concentration.

1.3 Elimination

Acetaminophen is excreled unchanged in the urine only 2 to 5% of
the therapeutic' ‘dose. At therapeutic dosage, it is mainly metabolized
(>80%) to the glucuronide and sulphate conjugates in the liver. A less

proportion (about 10%) is converted by cytochrome P-450-dependent hepatic
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mixed-function oxidase to a highly reactive metabolite, postulated to be N-
acetyl-p-benzoquinoneimine (Figure 2). And this metabolite is rapidly
inactivated by conjugation with reduced glutathione and excreted in the
urine, after further metabolism, as cysteine and mercapturic acid conjugates.
Large overdoses of acetaminophen can exhaust stores of glutathione and
leave the highly reactive intermediate to bind covalently with vital cell
elements, which result in acute hepatic necrosis.

As a moderately fipid-soluble weak organic acid, acetaminophen is
fillered by glomerulus with subsequent extensive tubular reabsorption.
Excretion of acetaminophen is independent of urinary pH but appears to be
weakly correlated with urine flow rate. The highly polar sulphate and
glucuronide conjugates of acetaminophen are apparently active secreted by
the tubules. There are many repotts shown various factors that affect to

acetaminophen elimination.




Acetaminophen in urine

OCH,0,
Glucuronic acid conjugate

HN-C—CH,

Approximately 30% of a dose excreted in urine as

OSOH
Sulphuric acid conjugate

4 Postulated toxic intermediate

W 9 Approximately 8%
Acetaminophen N-C—CH, HN-C-CH, of a dose
glutathione excreted

—_— ——  ag cysteine and

‘ glutathione mercapturic acid

O OH conjugates in the
E—acetykp—bcnzoquinoneimini] urine

- Figure 2 Pathways of acetaminophen metabolism
Source : Clissold, S.P., 1986 : 50.
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1.3.1 Effect of Age

Neéonates and children aged 3 to 10 years excreted significantly less
glucuronide and more suifate conjugate than children aged 12 years and
adults. (Alam, et al., 1977; Levy. et al.,1975; Miller, et al.,1976; Peterson
and Rumack. 1978). And the elimination half-life was significantly prolong
in neonates.

Divoll, et al. (1982) shown that acetaminophen clearance tended to
decline with age in men and women, but (Iifference were of borderline
significant.

1.3.2 Effect of Sex, Environmental or Genetic Factors

Miners, et al. (1983) found that acetaminophen clearance was 22%
greater in males compared to norma‘l females. This difference was entirely
due to increased activity of the glucuronidation pathway in males.

Shively and Vessel (1975) shown that the acetaminophen elimination
half-life in healthy males at 6 am was significantly longer (15%) at 2 pm,
the plasma clearance was not significantly different at these time. The
authors suggested that the difference was presumably due to a change in
volume of distribution.

Mucklow, ef al. (1980) found that the elimination half-life of
acetaminophen was significantly longer and the clearance significantly

slower in Asians in London compared with Caucasian subjects.
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1.3.3 Effect of Disease
1.3.3.1 Liver Disease

Benson (1983) evaluated the salely ol acctaminophen in therapeutic
dose in subjects with stable chronic liver disease. The elimination half-life
of acetaminophen was prolonged to a mean of 3.42 hr which is 70% higher
than in normal subjects (2.04 hr). However, there was no evidence of drug
cumulation or hepatotoxicity after receiving acetaminophen 4.0 g daily for 5
days.

Al-Obaidy, et al. (1996) demonstrated that the rate constant of
mglué:uronide-uforn-u‘ition Waé highe'r in thel children with liver disease
compared to the value reported in healthy children of similar age, while the
rate constant of the formation of acetaminophen sulphate was no different
from that in normal children. The plasma half-life of acetaminophen was
positively related (o prothrombin time, and negatively (o the serum albumin.

El-Azab, et al. (1996) shown that the elimination of acetaminophen
was significantly prolonged in liver cirthotic patients suffering from
schistosomal infection both younger (9-25 years old) and elderly (45-65
years old) groups compared to the normal group. Plasma concentration of
acetaminophen-glucuronide formation was greatly decreased in both patient
groups, whereas no significant different in the plasma concentration of
acetaminophen-sulphate formation compared to those in corresponding

healthy subjects.




1.3.3.2 Pregnancy

Beaulac-Baillargeon and Rocheleau (1994) shown that the mean
acetaminophen half-life was significantly lower and oral clearance was
significantly higher in the first trimester of human pregnancy compared to
the normal women.

1.3.3.3 Other Disease
Ismail, ¢t al. (1993) shown that neither during nor after
treatment of falciparum malaria affected to acetaminophen disposition in
Thai patients.
1.3.4 Effect of Other Drugs
[.3.4.1 Oral Contraceptive Steroids

Miners, et al. (1983) found that acetaminophen clearance in females
using oral contraceptive steroids was 49% greater than in the control
females. Glucuronide and oxidation metabolism were both induced in the
oral confraceptive steroids users but sulphation was not altered.

Mitchell, et al. (1983) examined the effect of low-dose estrogen oral
contraceptive stle.roids on acetaminophen metabolism and elimination.
Plasma acetaminophen clearance rose from 287 % 13 mi/min to 470 * 51
“ml/min in women taking oral contraceptive steroids, whereas the elimination
half-life decrease from 2.40 £ 0.i4 hr to 1.67 * 0.16 hr. The fraction
clearance and rate of elimination of acetaminophen by glucuronidation
increase in women taking oral contraceptive steroids, but the clearance and
elimination by sulphation did not differ significantly from values in control

subjects. Fractional clearance of the cysteine adduct also increased
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significantly, but clearance of acetaminophen metcapturic acid did not
“change.
1.3.4.2 Sulfinpyrazone
Miners, et al. (1984) demonstrated that pretreatment with 800 mg per
day of sulfinpyrazone for | wk increased acetaminophen clearance by 23 %.
The increase in acetaminophen clearance was a result of induction of
acetaminophen glucuronidation and oxidation; clearance of the glucuronic
acid conjugate was 26 % greater and clearance of the glutathione-derived
conjugates, reflecting the activity of the oxidative pathway, was 43% greater
than the values in control group.
1.3.4.3 Anticonvulsant drugs
Miners, et al. (1984) shown that acetaminophen clearance was
increased in patients receiving anticonvulsant drugs, phenytoin or
carbamazepine, by 406% and acetaminophen half-life was correspondingly
decreased. the reduction was a result of an approximately 60% increase in
clearance of glucuronic acid conjugate and glutathione-derived conjugates,
with clearance of sulphate conjugate unaltered.
1.3.4.4 Propranolol
Baraka, et al. (1990) demonstrated that pretreatment with 160 mg per
day of propranolol HCI for 4 days increased the acetaminophen half-life by
25 + 12% and lower its clearance by 14 1 3%. Fractional clearance of

acetaminophen as glucuronide, cysteine and mercapturate conjugates were

significantly reduced but not as sulphate.
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1.3.4.5 Isoniazid
Epstein, et al. (1991) investigated the inbibition of the metabolism of
acetaminophen by isoniazid. Pretreatment with isoniazid 300 mg daily for 7
days markedly inhibited the formation clearance of the glutathione
metabolites by 69.7%. Total acetaminophen clearance was lower by 15.2%.
There was no effect of isoniazid on the non-oxidative pathways of
acetaminophen elimination. "I'wo days after isoniazid was discontinued,
acetaminophen metabolism had returned to pre-isoniazid values. The result
shown that isoriiazid is a potent reversible inhibitor of the oxidative

metabolism of acetaminophen.

~ [.3.4.6 Probenccid

Kamali (1993) investigated the influence of probenecid on the
pharmacokinetics of acetaminophen in healthy volunteers. Pretreatment with
probenecid caused a significant decrease in acetaminophen clearance by
54.9%. the urinary excretion of acetaminophen sulphate and glucuronide
were signilicantly reduced, whereas that of acetaminophen was unchanged,
The authors suggested that probenecid inhibits the activity of the hepatic
enzyme, uridine diphosphate glucuronyl transferase and competes with the

active renal excretion of acetaminophen sulphate.
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Erythromycin

Erythromycin is the most important of the macrolide antibiotics. It is
isolated from a strain of Streptomyces erythreus, an actimomycete first

isolated from soil collected in the Philippine Archipelago (Ginburg, 1980).

1. Chemistry
Erythromycin is composed of a macrocyclic lactone nucleus to which

various ketones and amino sugars are attached (Figure 2).

Figure 3 Molecular structure of erythromycin
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Erythromycin base has pKa of 8.6 and poorly water-solubility but
dissolves readily in organic acid solvent. In solution the drug is relatively
stable at 4°C but rapidly losses activity at higher temperatures. Following oral
administration, the instability of the drug in gastric secretions leads to erratic
absorption and inconsistent serum levels (Ginsburg, 1980). So that enteric-
coated tablets were produced for resist to acid in stomach. This approach has
resulted in preparations producing blood levels ranging from poor fo good,
with varying dependence on the relationship between the time of drug
administratibn and food ingestion.

To reduce the inactivated content of drug by gastric acid, various salts
and esters of the parent drug have been formulated. At present, three oral
" forms of erythromycin are commercially available : the stearate (a salt) , the
ethylsuccinate (an ester) and the estolate (the salt of an ester) which more
resistance than the base.

Following: bral administration, the stearate salt immediately dissociates
in the infestinal tract to be absorbed as the base. The ethylsuccinate and the
“estolate estess are absorbed intact and require subsequent hydrolysis to yield

the base (Ginsburg, 1980).

2. Mechanism of Action
Erythromycin disrupts the bacterial functional cycle by binding specific

ribosome subunit at the level of the 50s bacterial ribosome. The specificity of
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1ts éotion irﬁlibits. protein “synthes‘is by arfesting peptide bond formation
without causing and alteration in nucleic acid cycle. Organisms with
mutational changes in this subunit fail to bind erythromycin and are generally
resistant. Erythromycin may inhibit the antimicrobial activity of lincomycin
and chloramphenical because of competitive interference for the 50s binding
site.

Erythromycin is classed as a bacteriostatic drug, but in vitro it is
bacteriostatic in low concentrations, and bacteriocidal in high concentrations

(Kuncers and Bennett, 1979 ; 496-500)

3. Spectrum of Action

In the laboratory erythromycin is most active against gram-positive
bacteria including most strains of peniciilin-resistant staphylococci. While the
gram-negative enteric bacilli are generally high resistant, gram-negative
coccobacilli show varying degrees of scnsitivity, with many strains of
Haemophilus influenzae and Neisseria sp. being susceptible. In vitro, strains
of Mycoplasma, members of the family Rickettsiaceae and Treponema
pallidum are susceptible al low concentrations. Most anaerobic bacteria
including strains of bacteroides, are susceptible in vitro to concentrations of
3.12 pg/ml or less. Strains of Mycobacterium kansasii, M scrofulaccum, M.

terrae, and M. triviale are generally susceptible, while nearly all strains of M.
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fortuitum are resistant. Yeasts, viruses and fungi are resistant to erythromycin

(Ginsburg, 1980).

4, Mode of Administration and Dosage

4.1 Oral administration. Erythromycin is most common administered by
the oral route. The usual dose is 30-50 mg per kg per day given in three or
four divided doses. The usual adult dose is 0.5 g six-hourly. For severe
infections higher doses can be used.

4.2 Int;‘s_mmscular administration, Erythromycin can be administered
intramuscularly in the form of erythromycin ethylsuccinate. The usual adult
dose is 100 to 200 mg eight-hourly, because these injections are large and
painful, so that this route of administration is rarely used.

4.3 Intravenous administration. The drug can be used intravenously for
treatment of severe infections either as erythromycin lactobionate or
gluceptate. The dose is 300 to 500 mg six-hourly for adult and 30 to 50 mg
per kg for children. However a daily intravenous dose as high as 6 g has been
given to adult without toxic effect. Erythromycin can be administered by
either intermittant intravenous injections or continuous intravenous infusion.
By direct injection in tb the intravenous tubing, erythromycin lactobionate
should be dissolved to a 1 percent solution, and this should be injected slowly

over five minutes to avoid pain along the vein.
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5. Serum Levels in Relation to Dosage

5.1 Erythromycin base is destroyed by acid in the stomach, and tablets
are manufactured with an acid-resistant coaling, which subsequently dissolve
in the duodenum. Food in the stomach delays its ultimate absorption. Peak
concentrations in plasma are only 0.3 to 0.5 pug/ml 4 hours after oral
administration of 250 mg of the base and are 0.3 to 1.9 pg/ml after a single
dose of 500 mg.

5.2 EBrythromycin stearate is less destroyed in the stomach and it
dissociated in the duodenum to be absorbed as active erythromycin the peak
serum levels after oral administration of commercial preparations of
erythromycin base and stearale appear approximately the same, but the
absorption of the base may be slightly more delayed.

5.3 Erythromycin estolate is acid-stable and absorbed from the gastro-
intestinal (ract more completely. It is absorbed mainly as the ester and high
serum concentrations arc obtained rapidly and remain elevated for a prolong
period. Food does notl appreciably after the absorption of estolate. A single,
oral 250 mg dose of the estolate produces peak concentrations of 4 pg/ml.
These peak value include both the ester and the free base, the latter
comprising 20 to 35% of the total. Thus, the actual concentration of
erythromycin base in plasma may be similar for the three preparations,

5.4 Erythromycin ethlsuccinate is another ester that is adequately

absorbed after oral administration, particularly when the stomach is empty.
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Peak concentrations in plasma are 1.5 pg/ml (0.5 pg/ml of base) 1 to 2 hours
- after administration -of a 500-mg dose.
5.5 By Intravenous administration, the average serum level in adults is

3.0 pg/ml at 1 hour after 200 mg of erythromycin lactobionate injection.

8. Distribution of the Drug in Body

Erythromycin is concentrated in the liver and spleen and widely
distributed in the tissues. It persists in the tissues for longer periods than in
the serum. lts antibacterial activily can be achieved at essentially all sites
except the brain an the cerebro-spinal fluid. Erythromycin penetrates into
prostatic fluid, concentrations are approximately 40 % of those in plasma.
Erythromycin traverses the placental barrier and fetal plasma drug

concentrations are about 5 to 20 % of those in the maternal circulation.

7. Excrefion

Erythromycin is concentrated in the liver and excreted in active form in
the bile, which may contain as much as 250 pg/ml when plasma
concentrations are very high. Some of the drug may be inactivated by
demethylation in the liver. Erythromycin is partly excreted in urine, and only |
about 2.5 % of an orally administered and 15 % bf a parenterally
administered dose is recoverable from the urine in the active form. The

plasma half-life of erythromycin is approximately 1.6 hours,
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8. Therapeutic Uses

8.1 Mycoplasma pneumoniae Infections. Erythromycin reduces the
duration of fever caused by M. pneumoniae. And it may be given orally in
doses of 500 mg four times daily, or given intravenously.

8.2 Legionnairesg Disease. Erythromycin is currently recommended for
the treatment of pneumonia caused by Legionella pneumophila, L. micdadeli,
or other Legionella species. Erythromycin may be given orally in doses of 0.5
to 1 g four times daily or intravenously in doses of 1 to 4 g per day for 3
weeks.

8.3 Chlamydia Infections. Chlamydia infections can be treated effectively
with erythromycin. It is specifically recommended as an alternative to
tetracycline in patients with uncomplicated urethral, endocervical, rectal, or
epididymal infections by given 500 mg orally every 6 hours for at least 7
days. During pregnancy, erythromycin is the drug of choice for chlamydial
urogenital infections, It is also preferred for chlamydial pneumonia of
infancy in the dosage of 50 mg/kg per day in four divided doses for 14 days.

8.4 Diphtheria. Erythromycin is very effective in eradicating the acute or
chronic diphtheria bacillus carrier state. Erythromycin estolate in the dose of
250 mg four times daily for 7 days, was found to be effective in 90 % of

adult. Most of the failures were due to lack of patient compliance.
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8.5 Pertussis. Erythromycin may shotten the duration of whooping
cough; if administrated early in the course of illness. But not affect to the
paroxysmal stage of disease, although it may eliminate the microorganisms
from the nasopharynx. And it can prevent whooping cough in susceptible
individuals who are exposed to the disease.

8.6 Streptococcal Infections, Pharyngitis, scarlet fever, and erysipelas
produced by Strep. pyogens response to erythromycin. The oral administration
of 250 to 500 mg every 6 hours or 20 to 50 mg/kg per days cures these
diseases, prevents the appearance of supportive complications, and suppresses
the formation of anti-streptococcal antibodies. Erythromycin is an alternative
drug for the treatment of streptococcal infections in patients who are allergic
to penicillins.

8.7 Staphylococcal Infections. The oral administration of 500 mg of
erythromycin every 6 hours for 7 to 10 days is effective treatment for
staphylococcal infections of the skin or of wounds in patients who are allergic
to penicillins and cephalosporins.

8.8 Campylobactor Infections, Early treatment of gastroenteritis caused
by Campylobactor jejuni in children with erythromycin may reduce the
duration of symptoms.

8.9 Tetanus, Erythromycin (500 mg orally every 6 hours for 10 days)

may be given to eradicate Clostridium tetani in patients who are allergic to

penicillins.
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8.10 Syphilis. Erythromycin in doses of 2 to 4 g per day for 10 to 15
days has been used in the treatment of early syphilis in patients who are
allergic to penicillins.

8.11 Gonorrhea. Erythrom_ycin 300 mg of estolate or stearate 6 hourly
may be useful for disseminated gonococcal disease in pregnant patients who

are allergic to beta-lactam antibiotics.

9. Toxicity

9.1 Gastrointestinal side effects. Some of patients who take oral
erythromycin will have diarrhea, nausea and vomiting. But these are only
“occasionall y severe,

9.2 Hepatotoxicity, Many studies suggested that hepatotoxicity may
occur after administration of erythromycin estolate but not after other
erythromycin preparations (Pla, 1980). Tt appears that the propinyl ester -
linkage at the 2’ position conlers this property on the estolate, After starting
treatment about 10 to 12 days jaundice may occur. In patients who have
previously experienced the drug, jaundice may occur within 1 or 2 days.
Abdominal pain, fever and pruritus are another major symptoms in these
patients, Some of them have hepatic enlargement. Edsinophilia is common,
Liver function tests usually indicate cholestasis. The jaundice and other
symptoms usually subside rapidly when the drug is stopped, but occasionally

Jaundice may persist for wecks,
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9.3 Skin rashes may rarely occur in patients who have hypersensitivity to
drug.

9.4 Ototoxicity. Tinnitus and transient deafness have been described in a
small number of patients.
10. Drug Interaction

Over the past 25 years there have been many case reports and

controlled studies indicating that erythromycin may interfere with the
metabolism of other drugs. The considerable factors that require to evaluate
drug interaction may be include (a) dose, formulation, route, time of doses
relative to meals, and duration of erythromycin therapy ; (b) dose,
formutlation, roule and serum concentration {relalive to possible saturable
elimination) of the other drugs ; (c) characteristics of the patients or study
subjects (i.e. age, gender, smoking history, pathophysiology, other drugs or
environmental lactors) (Ludden, 1985)"

10.1 Biochemical Studies

10.1.1 Animal studies
Erythromycin is known to affect the cytochrome P-450 drug

metabolizing system. Danan, et al. (1981) and Larrey, et al (1983b) found that
erythromycin and erythromycin derivatives induce their own formation into
metabolites which form an inactive 456-nm absorbing con‘.xplex with the iron

(ID) of cytochrome P-450 in rats.
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DeLaforge, et al. (1983) also demonstrated that erythromycin
derivatives formed stable complexes with cytochrome P-450 both in vitro and
in vivo in treated rats. Additionally, these authors studied the structure-
activity relationships of erythromycin derivatives and other macrolide
antibiotics for complex formation and suggested that the presence of a readily
accessible, non-hindered N-dimethylamino group and the hydrophobic
character of the molecule are both important for potential inhibition of hepatic
drug metabolizing enzymes.

Pessayre, et al. (1983) found that single dose of erythromycin (4
mmol/kg) causes glutathione depletion in the rat. But no reports were found
in human.

10.1.2 Human studies

Larrey, et al. (1983a) studied hepatic microsomal enzymes from the
untreated patients and 6 patients treated with erythromycin propionate (2 g -
orally daily for 7 days). The treated patients had increased NADPH-
cytocrome C reductase activity and increased total cytochrome P-450
concentrations in the part of the cytochrome P-450 erythromycin metabolite
complex. The activity of hexbarbitone hydroxylase was unchanged. Antipyine
clearance was measured in 6 additional patients before and after 7 days of
treatment with erythromycin propionate 2 g orally daiiy. There was no
statistically significant change in mean antipyrine clearance. The authors

concluded that the administration” of erythromycin propionate induces
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microsomal enzymes and results in the formation of an inactive cytochrome

P-450 metabolite complex in human,

11. Effects of Erythromycin of the Pharmacokinetics of Other Drugs
11.1 Carbanﬁazepine

Wong, et al. (1983) studied the effect of erythromycin base 250 mg 6-
hourly for 8 days on carbamazepine pharmacokinetics in 89 healthy male
volunteers (nonsmokers). A randomized 2-way crossover design with a 4-
week washout period was used. A single dose of carbamazepine 400 mg was
given in the morning of the 5th day of erythromycin. There was a 19%
decrease in oral carbamazepine clearance (p < 0.05) in the presence of
erythromycin.

Carranco, et al. (1985) described a 4I1-year-old woman receiving
carbamazepine for epilepsy and developed symptoms of carbamazepine
toxicity (episodic dizziness, blurred vision, poor balance, nausea and
vomiting) within 3 days ol receiving erythromycin stearate (500 mg four
times daily). Signs and symptoms of toxicity disappeared 24 hours after
withdrawal of carbamazepine and erythromycin. And return to use only
carbamazepine in the same dose, one day later her carbamazepine level was
in therapeutic range and she continued to be asymptomatic. The authors
suggested that erythromycin interferes with the metabolism of carbamazepine

through competitive binding to cytochrome P-450, a monoxygenase necessary
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for the oxidation of carbamazepine, resulting in higher plasma concentrations
of carbamazepine and showed its toxicity.

Wroblewski, et al. (1986) studied 4 cases who received carbamazepine
and erythromycin concomitantly and had changed in serum carbamazepine
concentration. In every case, serum carbamazepine concentration either rose
sharply (doubled or tripled previous steady-state concentrations) or dropped
precipitously once erythromycin therapy was discontinued. The authors
concluded that the combination of erythromycin and carbamazepine
represented a clinically significant drug interaction and should be avoided
where possible.

Jaster, et al. (1986) described 2 cases of carbamazepine toxicity
attributed to interaction with erythromycin. Both of them were given
erythromycin while taking carbamaxepine and had increasing of the serum
carbamazepine level and noted signs and symptoms of its toxicity (slurred -
speech, mydriasis, hyperreflexia and severe ataxia). When both erythromycin
and carbamazepine were stopped, the carbamazepine level decreased and
symptoms subsided.

11.2 Warfarin

Bartle‘(l980) described the case of a 77-year-old female who had been

taking warfarin sodium for approximately 2.5 years beforé and then received

a l-week course of erythromycin stearate 500 mg 4 times daily for a right
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lower lobe infiltration. During that period her prothrombin time rose from -
about 28 to 64 seconds {control, 11 seconds).

Husser] (1983) described a 69-year-old man was placed on a regimen
of 5 mg/day warfarin sodium and maintained his prothrombin time between
17 to 21 seconds. When he received 250 mg of erythromycin stearate 4 times
daily, the prothrombin time had increased to 31.3 seconds (control, 11
seconds) in 3 days later. The author concluded that the rapid onset of the
interaction suggested a plasma protein binding displacement effect.

Bachmann, et al. (1984) studied {2 healthy volunteers aged 19 to 32
years. Erythromycin base 250 mg administered 6-hourly for 8 days decreased
warfarin clearance by a mean of 14% (p < 0.00l) after a single 1 mg/kg
warlarin dose.

11.3 Quinidine

Spinler, et al. (1995) described a 74-year-old man who received 200 -
mg oral quinidine sulfate every 6 hours. Through steady-state quinidine
concentration was 2.8 mg/l. When he received 500 mg intravenous
erythromycin lactobionate every 6 hours, the quinidine concentration
increased to 4.2 mg/l and quinidine clearance decreased 30 %. The authors
suggested that erythromycin inhibited cytochrome P-4501ITIA4 which
metabolizes quinidine. |

11.4 Cyclosporine
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Sketris, et al. (1986) described 3 cases of renal transplant recipients
who received cyclosporine, an effective immuno-suppressant agent, for long
period. During that time they received erythromycin for other infections, then
cyclosporine and creatinine serum level increased. The rising of cyclosporine
serum level able to be potentially nephrotoxicity. The authors suggested that
erythromycin inhibits cyclosporine metabolism by forming a stable P-450
complex.

Freeman, et al. (1991) studied the mechanism of the pharmacokinetic
interaction belvléen cyclosporine and erythromycin it the weanling pig.

Erythromycin significantly increased maximum concentration (C_ ) and area

max
~under the concentration-time curve (AUC) from 0 to 24 hr cyclosporine in the
peripheral circulation and significantly reduced the hepatic extraction ratio
calculated from portal and hepatic C_ and AUC data. But time to C_ (¢, )
and half life (t,,) of cyclosporine were essentially unchanged. The authors -
concluded that the mechanism of the cyclosporine and erythromycin
interaction is caused by inhibition of hepatic metabolism and the impact of
inhibition is greatest during first-pass when cyclosporine concentrations are at
their highest.
11,5 Theophylline

The drug interaction between erythromycin and theophylline has been

many case reports, studies and controversies.
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~ Zarowitz, et al. (1981) studied in 8 healthy volunteers. Theophylline (4
mg/kg) was given on four separate study days : (1) prior to starting
erythromycin, (2) on the third day of erythromycin administration, (3) on the
tenth day of erythromycin administration and (4) 2 week lafter the course of
erythromycin (250 mg 6 hourly for 10 days) was completed. A maximum
decrease in the theophylline tqtal body clearance was noted by the third study
_day _after erythromycin administration. In the first and fourth group did not
significantly change.
I.aForce, et al. (1981) studied 15 asthmatic patients and found a 25.8 +
[8.4 % decrease in theophylline clearance and a 40.0 £ 35.3 % increase in
theophylline plasma concentration during erythromycin administration.
Hemsworth and Renton (1981) studied the plasma clearance of
theophylline in rabbits pretreated with troleandomycin or erythromycin (400
mg/kg/day) over a 10-day period. The elimination of theophylline was
significantly impaired after 10 days of antibiotic treatment. No change in
theophylline elimination occurred when the antibiotics were given for shorter
periods of time. Protein, cytochrome P-450 and cytochrome b, levels,
aminopyrine N-demethylase and benzo [a} pyrene hydroxylase activities were
unchanged in hepatic microsomes prepared from rabbits pretreated with
antibiotics for 10 days. Pretreatment of rabbits for 10 days with
troleandomycin completely abolished production of 1-methyluric acid from

theophylline in isolated hepatic microsomes, but production of 1,3-
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dimethyluric acid was unaffected. Troleandomycin, when added in vitro to
microsomes, had no direct effect on theophylline metabolism. The authors
concluded that long-term treatment with troleandomycin selective blocks or
destroys on pathway of theophylline metabolism.

Renton, et al. (1981) studied 12 healthy adults. Single oral doses of
theophylline were administered before and after 10 days of erythromycin
stearate 250 mg 3 times daily. Theophylline clearance was decreased by 40 %
by erythromycin and measurement theophylline metabolites in 3 subjects and
the 12-hour excretion of 3-methylxanthinbe and 1,3-dimethyluric acid was
found to be decreased. The result differed from the previous study, the
authors suggested (hat there may be either species differences or differences
between troleandomycin and erythromycin in the specific pathways affected.

Richer; et al. (1982) studied the effect of erythromycin ethylsuccinate
on the theophyliine pharmacokinetics using data from 46 patients (15 on
erythromycin) with bronchial asthma an 16 patients (8 on erythromycin) with
chronic airflow obstruction. Of the patients with bronchial asthma, those who
*were on erﬁﬁrmﬁfgcin (15 jﬁatients)i had a 30 % lower theophylline clearance.
However, patients with chronic airflow obstruction exhibited no effect of
erythromycin on theophylline clearance. The authors suggested that there may
be difference in age, patients with chronic airflow obstruction were
approximately 15 year elder than the patients with bronchial asthma, or the

relative hyperemia so frequently encountered in patients with chronic airflow
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obstruction might be responsible for a decrease in hepatic enzyme activity, or
the possible alteration in patients with chronic airflow obstruction leading to
decreased free theophylline in plasma,

Maddux, et al. (1982) studied steady-state oral theophylline kinetics in
15 healthy adults before and after 5 days of erythromycin stearate (250 mg 4
times daily). No difference found in theophylline oral clearance or half-life.
The authors suggested that a possible explanation for the altered theophylline
clearance noted in previous clinical studies was the acute changes in
pulmonary function that frequently occur in patients receiving concomitant
erythromycin and theophylline.

Reisz, et al. (1983) examined the changing of theophylline
pharmacokinetics which were caused by the addition of erythromycin in
patients with chronic bronchitis and obstructive pulmonary disease.
Erythromycin significantly decreased mean theophylline clearance by 22 % -
from 4.9 I/min to 3.87 l/min (p < 0.05). Mean peak theophylline level
increased 28 % from 11.9 pug/ml to 15.3 pug/ml (p = 0.05). No change in urine
theophylline metabolites was found.

Jonkman, et al. (1983) reviewed articles about the theophylline-

erythromycin interaction controversy (Table 1).




Table 1 Summary of Controlled Studies on the Interaction of Theophylline and Oral Erythromycin

Theophylline Cleance Half-Life
Erythromycin Formulation Dose and Duration N | Mezn % Decrease Mean % Increase Reference
Interaction Demonstrated
Uncoated base 250 mg QID x 6 days 6 26 52 7
Ethylsuccinate 250 mg QID x 6 days 6 30 60 7
23 mg QID x 7 days 15 26 Not measured 4
Uncoated Stearate 250 mg QID x 6 days 6 5 il 7
250 mg TID x 10 days 12 40 36 5
Coated Base 250 mg QID x 7 days 8 28 21 )
250 mg QID x 10 days g % 15 3
No Interaction ,
Uncoated Base or Stearate 500 mg + ) 5 13 (NS) 30 (NS) 12
Uncoated Stearate 250 mg QID x 1 day
250 mg QID x 5 days 13 2(NS) Not measured Maddux et al
500 mg QID x 2 days 8 Not reported 18 (NS) 8
500 mg QID x 2 days 12 20 11 (NS) o

source : Jonkman and Handeles, 1983 : 309-310.

NS = not significant.

8¢
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The authors concluded that the duration of erythromycin therapy and
the peak erythromycin serum concentration (a function of dose, extent of
absorption, and clearance) are important determinants of this interaction, and
variability in these factors between studies accounts for the discrepant results.
Furthermore, it is possible that the interaction may not occur with
conventional erythromycin doses in patients whose microsomal enzyme

system are stimulated by smoking or other drugs.
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Cimetidine

Cimetidine is one of the histamine H,-receptor antagonists. It is an
“analog of histamine (Figure 4).
H,C CHZSCHZCZNTCNHCH;
HN-C=N

HN N

Figure 4 Molecular structure of cimetidine

1. Chemistry
Cimetidine is a 4,5 substituted imidazole derivative. It is a weak base

(pKa 6.8) with a high degree of water solubility.

2. Mechanism of Action

Cimetidine ireversibly competes with histamine at H,-receptor sites.
This action does not affect H,-receptor sites. The important effect of
histamine H, -receptor antagonist is to reduce the gastric acid secretion which
is stimulated by histamine, gastrin, cholinomimetic drugs and vagal

stimulation.




41

3. Pharmacokinetic Properties
3.1 Absorption

After taken orally in the fasting state, the 2 peaks are found in the
plasma concentration-time profile, the first at about 1 hour and the second
after about 3 hours. - But this effect does not occur if cimetidine is taken with
meal or with metoclopramide (Gugler, et al., 1981). The reason for the 2-
peak effect is due to the drug being stored in hepatic parenchymal tissue after
absorption, and with the second peak resulting from rapid release of
cimetidine and possible conjugates from this tissue with subsequent
reabsorption. (Veng Pedersen and Miller, 1980).

By intramuscular administration, cimetidine is absorbed rapidly and
completely. The time to maximal concentration in plasma is 15 minutes and
bioa#ailability is 90 to 100 %. Orally absorption by tablet formulation
achieved peak plasma concentration between 1 and 2 hours and absolute -
biocavailability is approximately 60 %.

3.2 Distribution

Cimetidine distributes widely and extensively throughout the majority
of body fluids, organs and tissue in human. Because of its high water soluble
property, less proportion of cimetidine distributes throughout the fat and the
cergbrospinal fluid. The plasma protein binding is about 22. %. The volume

of distribution of cimetidine is 1 I/kg body weight.
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3.3 Metabolism and Elimination

Cimetidine is metabolized by hepatic microsomal enzyme only
25 éo 40 % lc;f thé .total eli.n;ination .of cimetidine. The large part of cimetidine
is excreted unchanged form in urine. There are 3 known products which are
converted from cimetidine by hepatic microsomal enzyme, cimetidine
sulphoxide, hydroxymethyl cimetidine and guanylurea cimetidine. The half-
time for elimination of cimetidine is 2 to 3 hours.

3.4 Therapeutic Uses.

The clinical use of cimetidine due to the inhibition of gastric acid
secretion, especially in patients with peptic ulcer and Zollinger-Ellison
Syndrome.

3.5 Toxicity
3.5.1 Central Nervous System Dysfunction. Slurred speech, delirium
and confusional states are most common found in elderly patients.
3.5.2 Endocrine Effects. Cimetidine can bind to androgen receptors,
so there are antiandrogenic effects such a gynecomastia and impotence to be

observed in patients who receive long-term therapy with high doses of

cimetidine.
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4. Mechanism of the Drug Interaction by Cimetidine to Other Drugs
4.1 Absorption

Charbon, et al. (1980) studied in the anaesthetized dog and found that
cimetidine reduced the increasing blood flow from histamine in the left
gastric and common hepatic arteries. The high hepatic extraction drugs may
be increased in the bioavailability from this effect.

Cimetidine increases gastric pH at least one hour following oral
administration, so that the concomitant drugs may be altered in absorption.
The weak acid drugs will be increased extent of ionization, dissolution and
subsequent absorption. An opposite effect could be expected for weakly basic
drugs. And cimetidine appears to have no consistent effect on gastric
emptying in man (Heading, et al, 1977).

4.2. Metabolism

Imidazole derivatives have been shown to be potent microsomal
enzyme inhibitors (Hajek, et al. 1982 ). Cimetidine is an imidazole derivative
and has the enzyme inhibition property. Its structure is 4,5 - substituted
derivative that binds to the heme moiety of cytochrome P-450 and inhibits the
activity of microsomal enzyme (Jansen and Gugler, 1985; Pelkonen and
Puurunen, 1980; Reilly, et al., 1983). Similarly, Breen, et al. (1982) compared
the effects of cimetidine and ranitidine on hepatic drug mefabolism and found
_that_ the inhibition of drug metabolism by cimetidine is not related to

histamine H,-receptor antagonism property. However, The inhibition does not
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affect to conjugation, a reaction not mediated by cytochrome P-450 (Knodell,
et al. 1982). Speeg, et al (1981) demonstrated that recovery from inhibition
after cimetidine withdrawal is also rapid, occuring within 24 hr and chronic
dosing with cimetidine does not result in tolerance to the inhibitory effect.

4.3 Renal excretion

Cimetidine competes with the other cationic drugs for tubular secretion.

5. Effects of Cimetidine on Absorption of the other Drugs.

Cox, et al (1986) studied in 4 normal volunteers each received three
intraduodenal infusion of 0.5 mg triazolam solution (a) a pH 2.3 solution, (b)
a pH 6.0 solution and (c) a pH 6.0 with cimetidine 1200 mg/d pretreatment.
The triazolam pharmacokinetics in treatment (a) and (b) did not differ from
each other. Treatment (c) cimetidine reduced the oral clearance and the
apparent volume of distribution (Vd/f) of triazolam without affecting on -
triazolam half-life. The maximal serum concentration and the area under
concentration-time curve of triazolam in treatment (c) were significantly
increased by cimetidine. The authors suggested that cimetidine reduces

intestinal metabolism of triazolam.
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8. Effects of Cimetidine on Elimination of other Drugs.
6.1 Low Hepatic Extraction Drugs
6.1.1 Oral Anticoagulants

Serlin, et al. (1979) studied 6 patients receiving anticoagulant therapy
[warfarin (4), nicoumalone (1), and phenindione (1)] , and added
cimetidine 200 mg 3 times a day and 400 mg at night. The results shown
that cimelidine co-administration caused the prolongation of prothrombin
times in all patients.

Similar results was reported in a patient case study (Hetzel, et al,,
1979), in which cimetidine consistently increased the plasma concentration of
warfarin and the prothrombin time ratio. The authors suggested that doses of
cimetidine 800-1000 mg dairy increased the prothrombin time ratio by 40-
. 50% while 400 mg at night_produced only about 10 % increase.

Staiger, el at. (1982) showed that 10 patients who had had léng-term '
treatment with phenprocoumon, were given 400 mg cimetidine twice daily for
14 days and found that cimetidine did not interfere with phenprocoumon
metabolism. The results were contrast to warfarin, even though they are
similar in structure.

6.1.2 Theophylline

Roberts, et al (1981) demonsti‘ated that the chroﬁic treatment with
cimetidine significantly reduced the plasma clearance and prolonged the

elimination half-life of theophylline. ~Similarly, Lalonde, et al. (1982) studied
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the effect of cimetidine on the theophylline pharmacokinetics at steady state
in 7 normal volunteers. During cimetidine therapy, the apparent oral total
body clearance of theophylline decreased by 29 %, the terminal serum half-
life increased from 7.3 £ 1.5 to 10.1 £2.1 hr and the mean steady-state serum
theophylline ;oncentl'ation was increased 34 %.

Kelly, et al. (1982) studied in 8 healthy volunteers over the age of 65
year and found that the apparent half-life of theophylline was significantly
prolonged by treatment with cimetidine. The area under the plasma
concentration-time curve for each of the three theophylline metabolites; 3-
methyxanthine , 1-methyluric acid, and 1,3-dimethyluric acid, was decreased.
The authors suggested that cimetidine appears to depress the metabolism of
theophylline in elderly individuals.

One negative result was reported by Ambrose and Harralson (1981).
They observed 5 acutely ill elderly (61 to 73 years old) patients on -
continuous theophylline therapy with various doses of cimetidine (600-1200
mg/d) administered for 3 to 10 days and found that there was no significant
difference in the theophylline clearance determined before and during
cimetidine therapy. The authors noted that the patients on this study had much
lower theophylline clearance than the other group which was affected by
cimetidine administration. They suggested that patients with a lower clearance

may be less susceptible to the inhibitory effect of cimetidine.
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6.1.3 Caffeine
May, et al (1982) investigated the effects of cimetidine on caffeine
disposition in 6 smokers and 6 nonsmokers. The total body clearance of
caffeinc was higher and the elimination half-life was shorter in smokers than
nonsmokers. Cimetidine decreased the total body clearance of caffeine
by 31 % and by 42 % in smokers and nonsmokers. The increase in the
elimination half-life were 45 % and 96 %. The maximal serum caffeine
concentration, the time to reach it and the apparent volume of distribution
were unaffected by cimetidine in both groups.
6.1.4 Carbamazepine
Telerman-Toppet, et al. (1981) observed a 89-year-old women with
trigeminal neuralgia who was well controlled by carbamazepine. After she
had been treated by cimetidine (1 gf/day) for gastric ulcer without
modification of carbamazepine therapy, she developed somnolence, dizziness, -
nystagmus and involuntary twitchings. At that time carbamazepine blood
“level increased to 10.5 pg/ml. After cimetidine was withdrawn without any
alteration in carbamazepine dose, the concentration of carbamazepine
decreased to between 5.7 and 6.8 pg/ml  with a rapid improvement in her
clinical status.
6.1.5 Phenytoin
Bartle, et al. (1982) investigated the effect of various daily doses of

oral cimetidine (400, 1200, and 2400 -mg) on the metabolism of a 250 mg
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intravenous dose of phenytoin in 8 normal male volunteers. The area under
the concentration-time curve of phenytoin was significantly increased at all
doses of cimetidine. Plasma phenytoin concentrations (ug/ml) at 48 hr was
significantly elevated over control by all cimetidine treatments.  All
cimetidine treatments significantly decreased plasma clearance of phenytoin.
6.1.6 Cyclosporine
D’ Souza, et al (1988) studied the effect of chronic treatment with
cimetidine on cyclosporine pharmacokinetics in rabbits, The clearance of
cyclosporine was significantly reduced following treatment with cimetidine.
There was no significant change in the volume of distribution of cyclosporine.
The authors concluded that cimetidine inhibits the metabolism of
cyclosporine.
6.1.7 Diazepam
Klotz, et al. (1979) studied the interaction between cimetidine and
diazepam in 4 healthy volunteers who received a single intravenous bolus
diazepam 0.1 mg/kg before and after cimetidine 200 mg orally 6 houtly for 5
doses. Cimetidine prolonged the elimination half-life and decreased the total
plasma clearance of diazepam. The authors suggested that the reduction in

the hepatic elimination of diazepam is due to the inhibition of the microsomal

drug metabolism by cimetidine.
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6.1.8 Chlordiazepoxide
Patwardhan, et al. (1981) studied the time course of inhibition and
recovery of cimelidine which inhibited chlordiazepoxide eliminated in 7
healthy volunteers. They received chlordiazepoxide after cimetidine treatment
for 1 and 30 days and after cimetidine was stopped for 48 hr. The plasma
clearance of chlordiazepoxide was reduced 54 % after 1 day of cimetidine, by
57 Y% after 30 days of cimetidine and returned td normal (control) value after
_.cimetidine was stopped for. 48 hr. The authors suggested that the cimetidine-
induced inhibition was rapidly reversible implying absence of morphologic
and structural hepatic damage by cimetidine.
6.1.9 Lorazepam and Oxazepam
Patwardhan, et al. (1980) examined the effects of cimetidine in 8
healthy nonsmoking volunteers on drug metabolism via the glucuronidation
pathway. Lorazepam and oxazepam are eliminated almost exclusively after -
conjugation as glucuronide and used to be a model for drug which is
metabolism via the glucuronidation pathway. The result showed that
cimetidine did not alter the elimination of either lorazepam or oxazepam. The
authors suggested that cimetidine spares the glucuronidation of lorazepam and

oxazepam.
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6.2 High Hepatic Extraction Drugs
6.2.1 Propranolol
Donovan, et al. (1981) observed that a patient who had concomitantly
taken cimetidine and a p-blocking drug, developed profound sinus bradycardia
and hypotension. They subsequently studied the interaction between cimetidine
and propranolol in a 54-year-old man with duodenal ulcer. The results showed
that there was a 340 % increasing in the area under concentration-time curve of
propranolol during cimetidine therapy. The same result was found in the study
in 6 healthy volunteers by Kirch, et al. (1981). Cimetidine increased the mean
peak plasma level of propranolol by 95 % and the area under concentration-
fime curve rose to about the same extent. |
6.2.2 Labetalol
Daneshmend and Roberts (1981) studied the effects of cimetidine on
labetalol pharmacokinetics. Three normal volunteers received labetalol 200 mg
orally or 0.5 mg/kg intravenously before and after cimetidine 400 mg orally 4
fimes a day for 3 days. The results showed that cimetidine increased the
bioavailability of labetalol by 80 %. The authors suggested that cimetidine
wred.uces livéi: blo‘o‘d flow Varnld causéd the reciuction of first-pass metabolism of
labetalql.
6.2.3 Chlormethiazole
Desmond, et al. (1981) examined the effect of 7 days treatment with

cimetidine (1 g/day) on the chlormethiazole pharmacokinetics in 8 healthy
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volunteers. Pretreatment with cimetidine increased the maximal concentrations,
the area under concentration-time curve and the eclimination half-life of
chlormethiazole, whereas ifs clea'rance was decreased.
6.2.4 Pentopril

Kochak, et al. (1988) examined the effect of cimetidine on the metabolic
conversion of pentoprﬂ to its acid metabolite in vivo and in vitro. Cimetidine
significantly increased the area under concentration-time curve and reduced the
clearance of pentopril. In contrast to its acid metabolite, cimetidine decreased
the area under concentration-time curve and the maximal concentration of
pentopril’s acid metabolite. In vitro studied, cimetidine did not inhibit the
esterase activity. Base on those resulfs, the authors suggested that cimetidine
decreased pentopril hepatic clearance resulting from a reduction in hepatic
blood flow rate.

6.2.5 Doxepin

The influence of concurrent cimetidine administration on the disposition
of doxepin was evaluated in 10 healthy volunteers by Abernethy and Todd
(1986). Cimetidine increased the area under doxepin concentration-time curve
(533 to 695 ng/mlLhr) and decreased doxepin oral clearance (4404 to 3278
ml/min). Relative bioavailability during concurrent cimetidine treatment was
123 % of that during the control trial. Plasma protein binding of doxepin was
similar between two trials. The authors suggested that doxepin hepatic

extraction is impaired by cimetidine after oral administration.
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6.3 Renal Excretion
6.3.1 Triamterene

Muirhead, et al. (1986) in'vestigated the effect of cimetidine on renal and
hepatic triamterene elimination inr 6 healthy volunteers. Cimetidine
significantly reduced the hepatic clearance of triamterene by 32 % and the renal
clearance of treiamterene by 28 % , with no change in its protein binding. The
authors suggested that cimetidine inhibits triamterene metabolism which was
mediated cytochrome P-450 enzymes in the liver and also competes with

triamterene for renal tubular excretion.

7. Effect of Cimetidine on Acetaminophen Disposition
7.1 Studied in Animals

Mitchell, et al. (1981) studied the protection against acetaminophen
hepatotoxicity in cimetidine-treated rats: (120 mg/kg) up to- 4 -hr after
intraperitoneal administration of 500 mg/kg of acetaminophen and found that
they had less histological damage and lower serum aminotransferase than those
treated with acetaminophen alone. The authors showed that cimetidine as,
effective as N-acetylcysteine in the treatment of acetaminophen overdose, even

- , I :
though the dose of cimetidine given was only s th of N-acetylcysteine on a

molar basis,
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Peterson, et al. (1983) studied the effects of cimetidine co-administration
on acétaminophen hepatotoxicity (350 mg/kg) in mice and found the same
result in rats that cimetidine redtéces acetaminophen induced hepatotoxicity.

7.2 Studied in Humans

Abernethy, et al. (1983) studied the effect of. cimetidine on
acetaminophen pharmacokinetics in 11-healthy volunteers. All of them received
acetaminophen 650 mg intravenously, once before and once during cimetidine
treatment (300 mg 6 hourly). Cimetidine did not alter elimination half-life
(2.66 vs 2.60 hr) or the clearance (4.8 vs 4.5 ml/min) of acetaminophen. An
animal model was used to assess the effect of cinlxe‘:tidine on acetaminophen
toxicity. Cimetidine treatment (75 mg/kg) significantly increased the LD, of
acetaminophen from 480 to 1020 mg/kg in rats.

Chen and Lee (1985) investigated the effect of single-dose and multiple-
dose cimetidine administration on acetaminophen pharmacokinetics in 4 healthy
volunteers. Each subject ingested 750 mg of acetaminophen as a single dose
alone, co-administration with 200 mg of cimetidine, and following a one-week
pretreatment with daily cimetidine (200 mg 6 hourly and 400 mg before
retiring).  Cimetidine did not signilicantly affect any pharmacokinetic
parameters of acetaminophen.

Slattery, et al. (1989) observed approximately 80 % inhibition of the
formation of reactive metabolites of acetaminophen in human liver microsomes

by 1.5 mmol/l cimetidine. Though this effect did not occur at 0.02 mmol/l
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cimetidine, which is a concentration 5 to 10 times the concentration required
for 50 % inhibition of acid secretion in human beings (0.002 to 0.005 mmol/l).
Studying in human volunteers,. the result showed that cimetidine has no effect
on the formation clearance c-)f any acetaminophen metabolite. The authors
concluded that cimetidine, at least in therapeutic doses, will not protect against
acetaminophen-induced hepatotoxicity in normal human beings and a
substantially higher dose is effective in rats and mice may be effective in

human beings.
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Cytochrome P-450

1. Introduction

The metabolizing foreign compounds process in human uses a large
number of enzymes and almost occurs in the liver, Most of the enzymes
have been classified as belonging to phase I or phase II pathways of
metabolism. Phase 1 enzymes include reductases, oxidases, and
hydrolases. Phase II enzymes are all transferases. These reaction serves
transform a hydrophobic compound into a form that is more water soluble
and can be easily eliminated from the organism through urine or bile,

In phase I pathway, cytochrome P-450 (P450s) are the most active
among drug-metabolizing enzymes. These enzymes are also principally
responsible for activation of procarcinogens and promutagens. Most
clinically used drugs are metabolized to some degree by P450s.

P450s represent a superfamily of enzymes, They are found in
animals, plants, yeast and bacteria. In mammals, some P450s are involved
in pathways of steroid biosynthesis and do not metabolize foreign
compounds, However, the vast majority of these enzymes, xenobiolic-
metabolizing P450s, appear to oxidise chemicals that are not normal
constituents of the body. These enzymes are located in the endoplasmic
reticulum of the cell and are believed to be partially embedded in the lipid
bilayer with the bulk of protein facing the cytoplasmic, as opposed to

luminal face of the endoplasmic reticulum (Figure 5).
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Figure 5 The location of cytochrome P-450 in the endoplasmic reticulum of

the cell
Source : Gonzalez, F.G., 1994 : 62.
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This membrane localization is ideally suited for the function of
P450s in metabolizing hydrophobic chemicals. These P450s have been
referred to as mixed function-monooxygenases because they add an atom
of oxygen to numerous structurally-diverse substrates. The oxygen-
metabolizing ability of P450s is due to the presence in the active site of
iron in the form of protoporphyrin IX (heme iron). In the P450 catalytic
cycle, the enzyme binds to its substrated and the heme iron is reduced
from a valency of +3 to +2 by an electron transferred from NADPH via
another flavoprotein called NADPH-P450 oxidoreductase. Then O, binds
to the heme and is reduced by another electron. A series of reactions
occur that result in splitting of O,, production of H,O and oxidation of the
substrate. A phenomenon called uncoupling can occur with certain P450
substrates in which H,O, is produced. This uncoupling of electron transfer
results in a higher NADPH consumption/product ratio and the possibility
of detrimental consequences of O, Cytochrome b, can sometimes
participate in donating the second electron with certain P450 forms and
substrates (Figure 6). Mitochrondrial P450s have been the same catalytic
cycle except that they use the flavoprotein adrenodoxin reductase and the
iron sulpher protein adrenodoxin for electron transfer, The steroidogenic
P450s have rigid substrate oxidation specificities while the xenobiotic-
metabolizing P450s have a loose active site able lo accommodate different
chemical structures. Thus, a single P450 can metabolize a large number of
structurally-diverse chemicals. In addition, a single P450 form can

sometimes oxidize a single substrate al dilferent positions.
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Source : Gilman, A.G. and Goodman, L.S., 1991 : 16.
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Cytochrome P-450s have been classified based on primary amino
acid sequence similarities. With few exceptions, all P450s within a
single family display less than. 40% sequence similarity with P450s in any
other family. All P450s within a subfamily are always greater than 55%
similar to each other.

P450s are named with the root CYP (cytochrome P-450) followed
by an Arabic number designating the family, a capital letter denoting the
subfamily and another Arabic number designating the individual P450
number, For example, CYP3A4 is the number four P450 in subfamily A
of family 3.

Presently, the P450 superfamily consists of 12 families in mamals.
Four families, CYP11, CYP17, CYPI9 and CYP21 having one or two
P450s each, encode the classic steroidogenic enzymes. Two families with
single P450s, CYP7 and CYP27, are involved in bile acid synthesis from
cholesterol. The CYP5 family encodes the thromboxane synthase and the
CYP24 family encodes a 1[,25-dihydroxy vitamin D, 24-hydroxylase. A
single subfamily designated CYP4A, containing several P450s, encode
fatty acid hydroxylases which are capable of oxidizing natural and
synthetic fafty acids and drugs having long carbon chains. The CYP4A
family also contains CYP4B1 and CYP4Cl that have no detectable fatty
acid hydroxylase activity. The main xenobiotic-metabolizing P450s i'all.
within the CYP1, CYP2 and CYP3 families. The CYP1 family contains 2

subfamilies, CYP1A and CYP1B. The CYP2 family has 7 subfamilies in
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mammals. The CYP3 family consists of 2 subfamilies, one of which
contains a single P450 CYP3B1 expressed in olfactory epithelia.

Levels of each human ‘P4SOS family were studied by Shimada
(1994). The results sﬂowed thét abou£ l70% of live-l.'r P450s .counlud-be "
accounted for by CYP1A2, 2A6, 2B6, 2C, 2D6, 2El and 3A. CYP3A
(about 30% of total P450s) and CYP2C (about 20%) were found to be the
major forms. Considerable levels of CYPIAZ (about 13%) and CYP2E]
(about 7%) could be determined, where as the CYP2A6 (about 4%), 2D6

(about 2%) and 2B6 (<1%) were the minor P450 forms.

Table 2 Mammalian P450 families and subfamilies

Substrates Isozymes of cytochromeP-450s

Xenobiotics CYPIA, CYPIB, CYP2A, CYP2B, CYP2C, CYP2D,
CYP2E, CYP2F, CYP3A, CYP3B, CYP4B, CYP4C

Cholesteral
- Bile acid CYP7, CYP27
- Steroidogenic | CYP11, CYP17, CYP19, CYP21

Fatty acid CYP4A, CYPS

2. P450s Regulation
P450s expression is partly regulated by enzyme inducers and
inhibitors. There are several distinct classes of mammalian P450 inducers

that activated transcription of one or more P450 genes. Some P450s are
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controlled by another mechanism such as ethanol increased CYP2E1 by
substrated-induced protein stabilization.  Most P450s inducers can
stimulate the activities of certain subsets of phase II and other drug-
metabolizing enzymes (Gonzalez and Nebert, 1990).

In the P450s inhibition, inhibitor processes are classified in 4 groups

(Tasta and Jenner, 1981).
A. Directly Acting Reversible Inhibitors.
The examples of these inhibitors are gases, alcohol, isocyanides, etc.
B. Indirectly Acting Reversible Inhibitors (Inhibitors Acting Through
Metabolic Intermediates Forming Complexes with P450s).

The prodrugs of these inhibitors are melabolized 1o reaclive
metabolic intermediates by P450s. Metabolic intermediates have a strong
affinity for the heme iron and form reversible complexes with enzyme and
to inhibit the activity of that enzyme. The examples of this group are
methylenedioxybenzene derivatives, SKF-525A, hydrazine, etc.

C. Trreversible Inhibitors (Inhibitors Acting by Destruction of P450s).

Irreversible inhibitors are a mixed group of compounds having in
common only the ability to trigger and/or to catalyze the destruction of
P450s. These inhibitors include the chemicals which are directly acting
irreversible inhibitors and the chemicals which require “metabolism by
P450s to form lnghly reactive intermediates which bind covalently to the
enzyme (indirectly acting irreversiblé inhibitors), The examples for these

“inhibitors are carbon tetrachloride (CC1), chloroform, thiopental, etc.
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D. Inhibitors Alterating the Synthesis énd/or Degradation of P450s,
These inhibitors decrease levels of P450s either by inhibition on
some step(s) in P450s biosynthesis, or by enhancing the activity of

degradative enzymes. The examples of these. inhibitors are metal ions,

amantadine, etc.




Table 3 Major drugs metabolized by the cytochrome P-450 enzymes including their inducers and inhibitors (after Spinler. et al. 1995 : 92)

P450
Enzymes Substrate Inducer Inhibitor

CYP1AZ Caffeine, imipramine, phenacetin Nicotine, omeprazole -

CYP2B6 Cyciophosphamide, ifosfamide Phenobarbital, phenytoin -

CYP2CE Benzphetamine, diazepam, diclofenac - -

CYP2C9 Hexobarbital, ibuprofen. imipramine, tobultamnide, - -

. warfarin

CYP2CI18 Omeprazole, oxicam drugs, proguanil, propranolol, retinoic - Cimetidine
acid, (S)-tetrahydrocannabinol, (S)-mephenytoin

CYP2D6 Antiarrhythmic agents, antthypertensives. antipsychotics, - Cimetidine, dextropropoxyphene, guinidine
B-blockers, monoamine oxidase inhibitors. morphine and
morphine derivatives, tricyclic antidepressants

CYP2E!L Acetaminophen, alcohol, chlorzoxazone Ethanol

CYP3A3 Benzphetamine, erythromycin, cyclosporine, vinca alkaloids Phenobarbital, phenyioin. rifampin | Imidazole derivatives (metronidazole,

ketoconazole, clotrimazole, miconazole)

CYP3A4 Benzphetamine, cocaine. cyclosporine, erythromycin, Phenobarbital, phenytoin, rifampin | Cimetidine, erythromycin, imidazole
imipramine, lidocaine. nifedipine, quinidine, vinca alkaloids . derivatives

CYP3AS, Lovastatin, midazolam, quinidine, 17-Cl-ethynylestrodiol, Phenobarbital, phenytoin, rifampin | Imidazole derivatives

CYP3A7 nifedipine, terfenidine. triazolam, vinca alkaloids
CYP4All Leukotriene receptor antagonists Clofibrate

£9




CHAPTER 3
MATERIALS AND METHODS

'Chemicals and Reagents

The Standard acetaminophen (Lot No. 85F-0269) was purchased from
Sigma Chemical Co., St. Louis, U.S.A. Acetaminophen (500 mg/tablet, Lot
No. F810095), erythromycin stearate (Erythrocin ®, 250 mg/filmtab tabl@t Lot
No. 07026 AF 21) and cimetidine (Tagamet *, 400 mg/tablet Lot No.
2061004) were obtained from The Government Pharmaceutical Organization,
Bm‘lgkok, Thailand ; Abbott Laboratories, North Chichaco, U.S.A ; and OLIC
(Thailand) Ltd., respectively. Acetonotrile ( HPLC grade), 85% phosphoric
acid (analytical grade), trichloroacetic acid (TCA) and potassium hydroxide
mwei"e purclm.‘;;ed ﬁ.'0m JT "Baker Ihc.; Merék ; Fluka ; and Riedel-de Haen
Ab., respectively. Water was purified for HPLC by the Milli Q Water
Purification System (Millipore, Bedford, M.A, U.S,A)

Instrumentation

The HPLC system consisted of a Jasco PU-980 pump, a Rheodyne
injector with a 20 Ll sample loop and a Jasco UV 975 detector. Detection
was made with the variable-wavelength UV detector set at 254 nm and peak

area was measured with a Jasco 807-IT integrator. A Jasco recorder
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attenuation was set at 32 mV.F.S. and chart specd was 2 mm/min. Separation
was achieved on a reversed-phase I-Bondapak C,4 column (30 cm x 3.9 mm
LD., particle size 10 um). A guard-pak precolumn module was used to obviate

the effect of rapid column degeneration.

Methods

1. Subjects

Seven Thai male volunteers aged 21-33 yr, weighing 57-68 kg were
enrolled in this study. None were smokers. The subjects were considered to
be healthy as determination by medical history, physical examination, and
essential laboratory tests (complete blood count, renal and liver function
tests). All subjects were asked to avoid from taking other drugs which were
not include in this study, alcoholic beaverages, and coffee at least 1 week
prior to and during the study_. They gave written informed consent to the
study which was approved by the Ethics Committee, Faculty of Science ,

Prince of Songkla University, Hat Yai, Thailand.

2. Protocol
Pharmacokinetics of acetaminophen were studied on three separate
occasions at least 2 weeks apart in all subjects as (he following sequences :

(a) acetaminophen administration alone, (b) erythromycin, 250 mg orally 4
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times daily, was given 7 days before acetaminophen administration, and (c)
crythromycin, 250 mg orally 4 times daily and cimetidine, 400 mg orally
twice daily, were given 7 days before acetaminophen administration.

Blood collection

After an overnight fast, each. subject. received 1000 ~mg of
acetaminophen (500 mg/tablet, 2 tablets) with 150 ml tap water. No food was
allowed at least 2 hours after drug ingestion. An intravenous canula, kept
patent with 0.5 ml of a dilute heparin solution tiOO units/ml) after each
sample, was inserted into a forearm vein. Venous blood samples (5 ml) were
collected in heparinized tubes before and 10, 20, 30, 45 minutes and 1, 1.5, 2,
3, 4, 6 and 8 hours after an oral single dose acetaminophen administration,
Blood samples were centrifuged at 3000 rpm for [5 min and plasma
was separated and stored at —ZOOC for subsequent analysis. Acetaminophen is

stable in plasma at this temperature for a period of years (Lau and Critchley,

gouted in Adriaenssen, 1994 ; 1564),

3. Sample Analysis
The plasma acetaminophen concentrations were measurcd by a high
performance liquid chromatographic (HPLC) method (Miners, et al., 1983).
3.1 Mobile Phase
The mobile phase was 5 % acetonitrile in 95 % 20 mM

orthophosphoric acid and adjusted to pH 3.0 with 20 % potassium hydroxide.
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The mobile phase was freshly prepared in each day and was filtered through
0.45 micropore filtered paper (Nyron 66), then degassed by sonification for
30 minutes before using. The flow rate was 2 ml/min, All analysis were
performed at room temperature (about 25 + 1 DC) |

3.2 Stock Standard Solution

Standard solution of acetaminophen was prepared by dissolving 25 mg
standard acetaminophen in 50 ml distilled water. At this concentration,
acetaminophen was well dissolved. The stock solution was stored at 4 0C and
divided in to the aliquot to prepare the working standard acetaminophen in
solution (deionized water) and plasma (Appendix-1), which were used to
prepare the calibration curves day by day.

3.3 Calibration Curve

The calibration curve which is the standard curve for the plasma
acetaminophen concentration calculation should be linear on at least 3
occasions and coefficient of variation (CV = SD/mean normalised peak area
ratio x 100) of <10% could be achieved (both intra-day and inter-day).

In this study, the calibration curves were prepared by adding a standard
acetaminophen solution to blank human plasma so that the final
concentrations of acetaminophen in plasma were 1, 2.5, 5.0, 10.0, 20.0 and
30.0 pg/ml. The calibration curve for acctaminophen peak arca was lincar in
the range 1-30 pg/ml and paséed through the origin (Figure 11 , r = 0,999),
The CV were 0.52-3,16% (Table 4 and 5).
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3.3.1 Recovery
Potential loss of acetaminophen during the 10% trichloroacetic acid
precipitation was determined b}; comparing the peak area of acetaminophen
extracted from plasma sample in the range of 1-30 pg/ml with that of an
cqual concentration of standard acetaminophen prepared in. distilled water,

1

The percent recovery was calculated by

peak area of standard acetaminophen in plasma % 100

peak area of standard acetaminophen in distilled water

and they were over 94 % (Table 6 ).
3.3.2 Precision and Variability

To deter-mine intra-day precision and variability, The standard
acetaminophen was spiked in blank plasma at low, medium and high
concentrations and 10 repiicates of each were carried out on one day. All
should be of £ 10% of spiked value and the CV at each concentration should
be of <10%.

To determine inter-day precision and variability, the standard
acetaminophen was spiked in blank plasma at low, medium and high
concentrations and each concentration was carried out on 10 different days,
Accuracy should be of + [0% of spiked value and the CV at each

concentration should be of <10%..
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The precision of the entire working dose range was determined by
replicate analyses of blank human plasma (n =10) spiked with six different
concentrations (1, 2.5, 5.0, 10.6, 20.0 and 30.0 pg/ml) for inter-assay variance
and three different concentrations (1, 5 and 20 pg/mi) for intra-assay variance.
To determine the intra-assay variance, ten replicate . assays of each
concentration were carried out in the same day. The inter-assay variance was
determined by assaying the peak area of spiked blank plasma on ten days.
Coefficients of varjation (CY) wcrc_cafcuialed from these values. Tlley
were 0.52-3.16% (Table 4 and 5 ).

3.4 Sample Preparation

A 200 pl of plasma sample or working standard was mixed with an
equal volume of 10 % trichloroacetic acid in a 1.5 ml polypropyleﬁe
microcentrifuge tube and centrifuged at 14,000 rpm for 5 minutes to
precipitate proteins. A 100 pl of the clear supernatant (5 times of the volume
of the injected loop) was injected onto the column. The chromatographic
condition used for assay were good 1o separate acetaminophen from other
endogenous substances in plasma, and both erythromycin and cimetidine did
not interfere with these analyses (Figure 7-10), This method is repeated to
have good reproducibility (Miners, et al., 1983). The lower limit of detection

for acetaminophen in this study was 0.25 pg/ml.




70

4, Data Analysis
4.1 Pharmacokinetic Calculations

The following p_arametérs_ were estimated from_the individual plasma
acetaminophen concentration-time curve. The pharmacokinetics behavior of
acctaminophen is represented by mathematical functions derived from a one-
compartment model in which the distribution of ‘drug between blood and
tissues is instantaneous and the elimination of the drug is a first-order process
(Mitchell, et al.,1983).

The maximum plasma acetaminophen concentration (C ) and time to

max

reach C ) were determined by visual inspection of the semi-logarithm

concentration-time curve.

The absorption rate constant (Ka), The value for Ka was obtained by
using the method of residuals which calculated from the following step

A. Plot the drug concentration versus time on semi-logarithmic graph
paper with the concentration values on the logarithmic axis.

B. Back extrapolate the log linear portion of the decline phase. Let C;
denote the plasma concentration along this extrapolated line.

C. Subtract the observed plasma concentration (C,) from the

con‘esponding cxtrapolate value at each time point.

D. Plot the residuals (C,-C,) against time on the same semi-logarithmic

graph paper.
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The absorption rate constant was obtained from multiplied the slope of
the straight line fitted to residuals by 2.303 yields the value for Ka.

The absorption half—life’[tUz (abs)] was obtained from dividing Ka by
0.693 '

The eclimination rate constant (Ke) was determined- by linear least
squares regression analysis with plasma acetaminopheri concentration-time
curve data points from 2 to 8 hr after dosing on semi-logarithmic graph paper.

The elimination half-life (t,, ) was calculated as 0.693/Ke.

The area under the concentration-time curve (AUC) was calculated by
the trapezoidal rule and extrapolation to infinity,

The apparent oral clearance (Cl/f) was calculated as dose/(AUCxbody
weights).

The apparent volume of distribution (Vd/) was calculated as ClYf
divided by Ke.

4.2 Statistical analysis.

All results are expressed as mean + S.D, Difference in acetaminophen
pharmacokinetic parameters among control and both treatments were tested
for statistical significance by analysis of variancc (ANOVA) with P < 0.05
taken as the minimum level of significance. Duncan s multiple range test was

used to test for significant differences between means.
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Figure 7 Chromatograms of 20 pl human plasma ézlimple. Key : (A) blank;

(B) spiked with standard acetaminophen, 10 pg/ml; (C) spiked

with standard acetaminophen, 20 pg/ml. The mobile phase was

5% (V/V) acetonitrile in 95% phosphate buffer pH 3.0 at a flow

rate of 2.0 ml/min. Chart speed was 2 mm/min. Attenuation was

32 mV E.S.
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Figure 8 Chromatograms of 20 pl human plasma sample. Key : (A) blank;

(B) and (C) plasma obtained from a subject without pretreatment,
10 and 20 min after 1000 mg of acetaminophen was given,
respectively. The mobile phase was 5% (V/V) acetonitrile in 95%
phosphate buffer pH 3.0 at a flow rate of 2.0 mi/min. Chart speed

was 2 mm/min. Attenuation was 32 mV F.S.
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Figure 9 Chromatograms of 20 pl human plasma sample. Key : (A) blank;

(B) and (C) plasma obtained from a subject pretreatment with

erythromycin, 10 and 20 min after 1000 mg of acetaminophen

was given, rtespectively. The mobile phase was 5% (V/V)

acetonitrile in 95% phosphate buffer pH 3.0 at a flow rate of 2.0

ml/min, Chart speed was 2 mm/min. Attenuation was 32 mV F.S.
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Figure 10 Chromatograms of 20 ul human plasma sample. Key : (A) blank;
(B) and (C) plasma obtained from a subject pretreatment with
erythromycin and éimetidjne, 10 and 20 min after 1000 mg of
acetaminophen was given, respectively. The mobile phase was
5% (V/V) acetonitrile in 95% phosphate buffer pH 3.0 at a flow
rate of 2.0 ml/min. Chart speed was 2 mm/min, Attenuation was

32 mV E.S.
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Figure 11 Mean calibration curve of standard acetaminophen in plasma,

correlation coefficient (r) =0.999
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Table 4 Calibration Curve of Acetaminophen’ (Inter-assay variance)

Concentration Mean peak area + S.D. CV(% )b
(pg/ml ) (n=10)

1.0 34550.35 + 1090.33 3.16
2.5 88299.5 + 1500.25 1.7

5.0 1178290.32 + 2614.17 1.47
10.0 349109.57 + 5915.58 1.69
20.0 706764.53 + 11565.67 1.64
30.0 1069067.2 + 15364.68 .44

a . . .
Various concentrations of standard acetaminophen were added to drug-free

plasma sample prior to precipitation as described in the text

b . . .
Standard deviation divided by mean, expressed in percent
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Table 5 The intra-assay variance of three different acetaminophen

. . .oa
concentrations in plasma

Concentration Mean peak area + S.D. CV (% )b
( ug/ml) (n=10)
1.0 | 33926 + 912.54 ) 2.69
5.0 182221.6 + t887.48 1.04
20.0 099230 + 3622.46 0.52

A . . .
Various concentrations of standard acctaminophen were added to drug-free
plasma sample prior to precipitation as described in the text

b - . ,
Standard deviation divided by mean, cxpressed in percent




Table 6 Relative recovery of standard acetaminophen in plasma
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Concentration |  Peak area in H,0" Peak area in plasmab %
(ng/ml ) ( Mean + S.D.) (Mean £ S.D.) | Recovery’
(n=10) (n=10)
1.0 36630.33 + 1004.93 34550.35 + 1090.33 94.3
2.5 93644.25 + 2877.07 | 88299.5 + 1500.25 943
5.0 189493.14 + 4058.05 | 178290.32 + 2614.17 94.09
10.0 369039 + 7059.23 349109.57 + 5915.58 94.6
20.0 736660.89 + 14007.31 | 706764.53 + 15364.68 95.9
30.0 1091502.4 + 927775 | 1069067.2 + 15364.68 97.9

4 . ' .
Various concentrations of standard acetaminophen were add to water and

followed by trichloroacetic acid same as in plasma

b . . .
Various concentrations of standard acctaminophen were add to drug-free

plasma sample prior to precipitation by trichloroacetic acid

* Mean peak area in plasma divided by mean peak area in H O, expressed

in percent




CHAPTER 4
RESULTS

The assay validation of our experimental method showed that the
standard curve was linear in the acetaminophen concentration range of 1-30
ug/ml. The correlation coefficient (r) and the coefficient of variation (CV)
were 0.999 and 0.52-3.16%, respectively. The recovery of acetaminophen in
plasma was over 94%. The c'hromatograms showed that a peak of
acetaminophen was well seperated from the other pcaks in plasma, Neither
peak of erythromycin nor cimetidine interfered with this system.

Seven adult male healthy Thai volunteers who were non-smoker and
avoided taking alcohol and unregistered drugs in this study, were enrolled and
completed in this study. Two subjects reported gastrointestinal discomfort
during on erythromycin pretreatment, and onc subject reported slightly
dizziness during erythromycin-cimetidine pretreatment. However, they were
well tolerated to all drugs through the study. The mean plasma
acetaminophen concentration versus time profiles and standard deviation at
cach point of time are illustrated in Figure 12, and the pharmacokinetic
parameters of acetaminophen are shown in Table 7-9. There were no
significant  differences (P > 0.05) among acetaminophen pharmacokinetic

parameters obtained from non-pretreated (acetaminophen alone), erythromycin

80
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pretreated, and erythromycin-cimetidine pretreated subjects as listed in Table -

10.  The values (mean £ S.D.) for C,_,T ., t,, Vd/f, C/f, and AUC in

max’
subjects receiving acetaminophen alone were 18.91 £6.98 pg/ml, 0.76 +
0.39 hr, 2.18 £0.28 hr, 0.97 +0.15 I/kg, 5.23 £0.58 ml/min/kg and 53.34 +
4.55 mg/Lhr, respectively; in erythromycin pretreated subjects they were
19.01 £5.59 pg/ml, 0.56 +0.19 hr, 2.11 +0.15 hr, 1.00 +0.08 l/kg, 5.50 +0.62
ml/min/kg and 50.77 + 2.68 mg/Lhr, respectively; and in the erythromycin-
cimetidine pretreated subjects they were 15.36 +4.10 pg/ml, 0.84 +0.41
hr, 2,08 £0.14 hr, 1.03 +0.08 l/kg, 5.74 +0.58 ml/min/kg and 47.71 +
4.66 mg/Lhr, respectively. The plasma acetaminophen concentration-time
profile selected from one subject, showed that afler a short absorptive phasc,
the plasma concentration declined monoexponentially and was fitted to a
one-compartment open model (Figure 14). The summary data (Table 11) are
compared to other published data of the pharmacokinetics of acetaminophen
in human volunteers, and Table 12 shown the pharmacokinetics of
acetaminophen after pretreatment with cimetidine. In the present study, the
vd/if, AUC, and Cl/f) of

pharmacokinetic parameters (C t

max? max?

acetaminophen in subjects receiving acetaminophen alone and erythromyecin-

cimetidine pretreated subjects are similar to those reports.
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Figure 12 Mean plasma acetaminophen concentrations after acetaminophen
administration alone (—e—), after erythromycin pretreatment
(—m—) , and after erythromycin-cimetidine pretreatment (—&—)

in 7 normal volunteers.
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—®— Acetaminophen
—®—  Erythromycin+Acetaminophen )
—&— Erythromycin + Cimetidine + Acetaminophen

Figure 13

Semi-logarithmic mean plasma acetaminophen concentrations
after acetaminophen  administration alone (—e—) , after
erythromycin prefreatment (—s—) , and after erythromycin-

cimetidine pretreatment (~—) inn 7 normal volunteers.
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Figure 14
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Hours after dose

Semi-logarithmic plasma acetaminophen concentration -time
profile following the oral administration of a single 1000 mg
dose of acetaminophen to the subject pretreated with

erythromycin (Subject number 2).
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Table 8 Pharmacokinetics of acetaminophen in erythromycin pretreated subjects

Subject | Age | Weight | AUC Ka Ke |t,(abs){ t, T C,. | Vdf Crt Corr

No. o | ke | (oghh) | () | Gr) | () (br) (br) | (ug/ml) | (Ukg) | (mUmin/kg)
1 33 60.5 45.87 0.945 0.374 0.73 1.85 0.75 29.50 0.96 6.01 0.994
2 30 65 52.85 3.465 0.300 020 2.31 0.50 20.50 0.97 4.85 0.999
3 32 68 51.64 2.870 0.328 0.24 2.11 0.75 12.75 0.87 4.75 0.9989
4 21 62 4949 3.200 0.318 0.22 2.15 0.33 17.80 1.02. 543 0.999
5 33 61 53.00 6.930 0.319 0.10 2.17 0.33 16.00 0.97 516 . 0.998
6 25 57 4939 3.620 0.319 0.19 2.17 0.75 1475 | 1.11 5.92 0.999
7 27 57 53.13 3465 0.349 0.20 1.99 0.50 21.75 1.IQ 6.37 0.997
X+ 28.7 = 61.5 + 50.77 = 3.50 0.326 = 027 = 211 ¢ 0.56 + 1901z | 1.OO 5.50 %

S.D. 4.6 4.0 2.68 1.77 0.017 0.21 0.15 0.19 0.08 - 0.62

5.59

“correlation coefficient of elimination phase
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Table 9 Pharmacokinetics of acetaminophen in erythromycin-cimetidine pretreated subjects

Subject Age Weight AUC Ka Ke t, (abs) t, T, C.. Vd/f Clf Corr

No. (1) kg) | (mglhn | () | @) | @) (hr) () | (ug/ml) | (ke) | (mY/min/kg)
1 - 33 60.5 46.37 2.00 0.367 0.35 1.89 042 20.00 0.97 5.94 0.997
2 30 05 41.52 1.39 0.338 0.50 2.05 1.00 12.20 1.10 6.18 0.998
3 32 68 51.75 1.54 0.301 0.45 2.30 0.75 14.75 0.94 474 0.999
4 21 62 48.27 1.83 0.314 0.38 221 0.33 16.80 1.06 5.57 0.999
5 33 61 44 65 241 0.335 0.29 2.07 1.50 11.30 1.10 6.12 0.999
6 25 57 45.90 2.00 0.344 0.35 2.01 1.15 11.30 1.11 6.37 0.997
7 27 57 55.52 277 0.347 0.25 2.00 0.75 21.20 0.91 5.27 0.999
Xt 28.7 + 61.5 = 4771 + 1.99 + 0.339 = 0.37 = 2.08 « 0.84 = 1536+ | 1.03 + 574 +

S.D. 1.7 0.57 4.66 0.48 0.022 0.09 0.14 041 4.10 0.08 0.58

‘correlation coefficient of elimination phase

L8




Table 10 Pharmacokinetic parameters of acetaminophen in subjects receiving acetaminophen alone {A), pretreatment with erythromycin

(B), and erythromycin-cimetidine (C) (mean = S.D)

Treatment Age Weight AUC Ka Ke = | t,, (abs) t, T, C. vd/f Clf
v | ke | mglhy | @) | @) (br) (hr) (r) | (ug/mh) | (Ukg) | (ml/min/kg)

A 28.7 61.5 53.34 3.47 0.323 0.25 2.18 0.76 18.91 0.97 5.23
(n=T) +4.6 4.0 | +4.55 *1.71 +0.04 $0.14 *0.28 +0.39 +6.98 +0.15 +0.58

B 287 61.5 50.77 3.50 0.326 0.27 2.11 0.56 19.01 1.00 5.50
(n=7) +4.6 +4.0 | +2.68 £1.77 +0.017 +0.21 .15 +0.19 i559 +0.08 +0.62

C 287 61.5° 47.71 1.99 0.339 0.37 2.08 0.84 15.36 1.03 574
n=7) *1.7 +0.57 +4.66 +0.48 +0.022 +0.09 +0.14 | 1041 +4.10. | +0.08 +0.58
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Table 11 Acetaminophen pharmacokinetic data are compared to other published data

Data Sources
El-Azab 1996 Ismail 1995 Kamali 1993 Divoll 1981 Present study"
Subjects 8 healthy male 8 Thai patients 5 healthy male and 8 healthy male 7 healthy male
with uncomplicated 5 healthy female
malaria

Age (yr) 13.783.1 1941 20-29 24-37 21-35
Dose (mg) 1000 1000 1500 650 1000
Route oral oral oral mtravenous oral

Coax (ng/ml) 17.1 £3.9 145 £5.8 18219 - 189 2.7

T o (h0) 1.4 £0.67 1 1+0.16 - 0.76 0.2
t, (hr) 24 10.31 37x1.1 212 20.15 - 2.18 £0.11
Vd/f (Ike) - 12 0.7 1+ 005 1.09 0.97 £0.06
Cl/f (ml/min/kg) - 3913 6.23 + 0.51 5.07 523 +0.22

“Calculation of pharmacokinetic data based on subjects received acetaminophen alone
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Table 12 Acetaminophen pharmacokinetics in subjects after pretreatment with erythromycin-cimetidine are compared to published data

Daia Sources

Chen and Lee 1985 Miners 1984 Abemethy 1983 Present study
Subjects 4 healthy male 12 healthy male 11 volunteers 7 bealthy male
Asge (v1) 22 253422 21-40 21-35
Dose of acetaminophen (mg) 750 1000 650 1000
Acetaminophen administration oral oral intravenous oral
Pretreatment Cimetidine’  Cimetidine” Cimetidine® Cimetidine’ Cimetidine plus Erythromycin
AUC, , (mg/lLh) 41 £5.33 476+945 - - 4771+ 1.76
L () 265024 2906 29 = 0.09 266 % 0.13 2.08 £0.05
Vdff (fkg) - - - 1.08 + 0.07 -1.03 £ 0.03
CUf (m}/min/kg) 476 £ 045 416+ 0.67 3.6 £0.19 4.81 £ 0.38

574 +0.22

‘Acetaminophen plus single-dose cimetidine

bzﬁu:etmninophen following one-week pretreated with cimetidine

‘Acetaminophen following one-week pretreated with cimetidine

dAce:t.aurninophen following pretreated with cimetidine 6 hourly for 2 doses

06




CHAPTER 5
DISCUSSION

As acctaminophen is the drug that has been widely used for
relieving pain and fever, while erythromycin and cimetidine are also
commonly used for infections and peptic ulcer, respectively, Both
erythromycin and cimetidine are cytochrome P-450 inhibitors. Thus it is |
likely that acetaminophen will be prescribed concomitantly with
erythromycin and cimetidiné. So drug interaction amoﬁg these drugs may
occur. The minor metabolic pathway of acetaminophen (about 10% of
therapeutic dose) is metabolized by cytochrome P-450 which is the
microsomal oxidative pathways. Raucy, et al. (1989) reported that
CYP2El, and 1A2 are responsible for the oxidative metabolism of
acetaminophen in human liver microsome, Thummel, et al. (1993) studied
in human liver microsomes and found that CYP3A4 also play a role in this
pathway. In the present study, we investigated the effect of erythromycin
(specific inhibitor of CYP3A4) administration alone or co-administration
with cimetidine (specific inhibitor of CYP3 family) on the
pharmacokinetics of acetaminophen in seven healthy Thai male volunteers.

The semilogarithmic plots of the plasma acetaminophen
concentration-time curve (Figure 14) show that the data are well described
by a one compartment model with first-order kinetics for both absorption

and elimination. The pharmacokinetic parameters such as the absorption
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rate constant (Ka), the maximal concentration (C__), the time to reach the

maximal concentration (T ), the apparent volume of distribution (Vd/f),

max
the apparent oral clearance (CI/f), the elimination half-life (t,,) and the
elimination rate constant (Ke) of the subjects receiving erythromycin, and
erythromycin-cimetidine pretreatment were not significantly different (P >
0.05) from those receiving acetaminophen alone. These findings suggest
that erythromycin administration alone or in combination with cimetidine
did not affect the pharmacokinetics of acetaminophen (Table 10).
Individual variation in plasma concentrations 1 hr after ingestion of
a therapeutic dose of acetaminophen tablets has been observed (Heading,
et al., 1973; McGilveray and Mattock, 1972; Prescott, 1974), In the
present study, individual variations in the rising portion of blood level
during 1 hr after acetaminophen ingestion was also found (Appendix-3). In
subjects receiving acetaminophen alone, the maximal plasma
concentrations of acetaminophen ranged from 12.4 to 33.25 pg/ml which
were not different from the above references (7.4 - 37.0 pg/ml). The
absorption rate constants ranged from 1.44 to 6.65 hr' which were similar
to those reported previously in healthy volunteers (0.6 -- 14.4 b
(McGilveray and Mattock, 1972; Paisanchanthasiri, 1991). Neither the
mean plasma concentrations nor the mean absorptjon rate constants were
not significantly different among the 3 occasions, even though the .
absorption rate constants of subject number 1 and 5 seem to be different
among the 3 occasions. There may be the variation in disintegration time

and subsequent dissolution of acetaminophen tablets due to variation in
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each tablet formulation, The other factors such as the fasting-state which
is considered from acetaminophen concentration-time profiles and the
activities during blood coIIec.tion were similar to the others, could be
excluded.

The rate and extent of acetaminophen absorption depend on the
gastric emptying time (Clement, et al,,1978). Erythromycin has been
shown to increase the gastric emptying rate (Tomomasa, et al.,1986). From
these reasons, after receiving erythroxhycin, the absorption rate constant
and the maximal concentration of acetaminophen is likely (o be enhanced.
However, in the present study, after receiving erythromycin pretreatment,
the mean of the absorption rate constant and the maximal concentration of
acetaminophen did not alter from receiving acetaminophen alone (Table
10). The possible explanation is that the subjects were all fastéd over
night, In this condition the gastric emptying time is usually rapid. So the
effect of erythromycin may be hidden. In contrast, cimetidine was reported
to have no effect on the gastric emptying time ('P‘owcll and Donn, 1984).
So the effect of erythromycin-cimetidine pretreatment on the absorption
rate constant and the maximal concentration of acetaminophen should
likely to be the same as the effect of erythromycin pretreatment. But in
the present study, after receiving erythromycin-cimetidine pretreatment, the
mean of the absorption rate constant and the maximal concentration of
acetaminophen seem to be lower than the values after receiving
acetaminophen alone. The reason is unclear. However, Charbon, et al.

(1980) reported that cimetidine reduced the increasing blood flow from




94

histamine in the left gastric arteries in dogs. This effect of cimetidine may
reduced the absorption of acetaminophen.

In 1989, Raucy, et al.. studied in human liver microsomes and
reported that CYPLAZ2 and 2E! are responsible in oxidative metabolism of
acetaminophen. Studying in vivo, there are many reports which showed
about drug interaction between acetaminophen and other drugs. For
example, propranolol which is an inhibitor of CYPIA2 (Masubuchi, et al.,
1994; Tassaneeyakul, et al., 1993), has been shown that it significantly
decreased the clearance of the glucuronide conjugation (27 + 6%) and
glutathione-derived conjugation (16 + 3%) of acetaminophen by Baraka, et
al, (1990). Isoniazid which is the inhibitor of CYP2E1 (Schmalix, et al,,
1995), has been demonstrated that it markedly inhibited the clearance of
the oxidative pathway of acetaminophen (09.7%) and decreased the
acetaminophen clearance (15.2%) by Epstein, et al. (1991). Caffeine
which is an inducer of CYP1A2 (Chen, et al.,1996), decreased the plasfna
acetaminophen levels and enhanced the elimination of acetaminophen after
simultaneous administration of both drugs as shown by Rainska-Giezek
(1995). Zimmerman and Maddrey (1995) showed that one reason of the
death of the regular users of alcohol after ingestion of acetaminophen with
therapeutic intent is the induction of CYP2EI by ethanol, These studies in
vitro and in vivo showed that CYPIA2 and 2E1 are responsible in
oxidative metabolism of acetaminophen.

By studying of drug interaction between acetaminophen and an

enzyme inducer, phenytoin which induce many isozymes of cytochrome
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P450 such as CYP2B6, 3A3, 3A4 and 3A5 (Spinler, et al,, 1995), has been
shown to increase the clearance of the glucuronide conjugation and
glutathione-derived conjugatioﬁ of acetaminophen by Miners, et al. (1984).
This report may support the result of studying in vitro which was shown
by Thuminel, et al, (1993), that CYP3A4 is partly responsible in oxidative
metabolism of acetaminophen. However, our results showed that
erythromycin and cimetidine did not altér the pharmacokinetics of
acetaminophen. Even though the dose of erythromycin stearate (250 mg
qid x 7 days) and cimetidine (400 mg bid x 7 days) used in this study has
been shown to be sufficient to inhibit hepatic drug metabolizing enzymes
of many drugs (in literature review). Although there have been many
reports shown that cimetidine did not has the statistically significant effect
on acetaminophen pharmacokinetics in humans (Abernethy, et al,,1983;
Miners, 1984 and Chen and Lee, 1985). However, in vitro study in human
liver microsomes, using high dose of cimetidine (5 to 10 times of the
therapeutic effect concentration), approximately 80% of the formation of
reactive metabolites of acetaminophen was inhibited (Slattery, et al.,1989).
Cimetidine has been shown (o spare the glucuronidation pathway of
lorazepam and oxazepam (Patwardhan, ct al,,1980), 7-hydroxy-4-
methycoumarin (Irshaid and Abu-Khalaf, 1992) and 3-azido-3-
deoxythymidine or AZT.(Rajaonarison, et al.,1991). There are no reporls
which support the interference of sulphation by cimetidine. In case of
erythromycin, there are no reports of drug interaction between

erythromycin and other drugs which are metabolized via glucuronic acid
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and sulphate conjugations either in clinical practice or in controlled study.
In our study, although we did not determine glucuronic acid and sulphate
conjugates of acetaminophen,'erythromycin and cimetidine seem unlikely
to have effect on them. On the other hand, the activities of various
isozymes of cytochrome P-450 in the oxidative metabolism of
acetaminophen in human liver microsome I1a;/e been shown that CYPI1A2
is of 40% and CYP2E1 is of 50% (Raucy, et al.,1989). Thummel, et al.
(1993) recently reported that the activity of CYP3A4 is of 10% in this
pathway, Our results demonstrated that CYP3A4 inhibitors, erythromycin
and cimetidine, produced no significant effect on the pharmacokinetics of
acetaminophen. Therefore, it is likely that the inhi_bilion of CYP3A4 would
have less effect on the oxidative metabolism of acetaminophen. The
hypothesis that CYP3A4 is responsible in the oxidative metabolism of
acetaminophen in vivo, is still unclear. Although the inhibition of the less
activity of enzyme may not show the significance in the pharmacokinetic
alteration, the induction of that enzyme may increase its amount and
subsequent activity. So that the alteration in pharmacokinetics of the
target drug may be occured, The another way to support thc above
hypothesis, is to measure the quantitalive alteration of the acetaminophen
met.abolitcs after receiving the specific inducer of CYP3A such as
rifampicin (Pichard, et al.,1990). Madhusudanarao, et al, (1988) reported
that clearance of acetaminophen was increased in pulmonary tuberculosis

patients on the short course chemotherapy in which rifampicin was
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included. However, we could not find any contrélied study concerning
with the effect of rifampicin on pharmacokinetics of acetaminophen,

In summary, this study aexnonsti'ated that erythromycin given alone
or in combination with cimetidine did not affect the pharmacokinetics of
acetaminophen administered at the therapeutic dose.  Therefore, co-
administration of erythromycin, cimetidine and acetaminophen in
therapeutic dosages in clinical uses would unlikely to produce any

pharmacokinetic interactions,




Preparation of

curve,

Stock A

Stock B

Stock C

1.0 pg/ml
2.5 pg/ml
5.0 ug/ml
10.0 pg/ml
20.0 pg/ml
30.0 pg/ml

i

fl

APPENDIX-1

standard acetaminophen in plasma blank for calibration

1!

Acetaminophen 500 mg/l
= Acetaminophen 100 mg/l

= Acetaminophen 25 mg/l

20 pl of 25 mg/l + 480 pl of plasma or deionized water
50 ul of 25 mg/l + 450 pul of plasma or deionized water
100 pl of 25 mg/l + 400 pl of plasma or deionized water
50 ul of 100 mg/l + 450 ul of plasma or deionized water
100 pl of 100 mg/i + 400 pl of plasma or deionized waler

150 pl of 100 mg/l + 350 ul of plasma or deionized waler

98




99

APPENDIX-2

Protein precipitation
1. Take 200 pl of sample or standard solution

2. Add 200 pl of freshly prepared 10 % trichloroacetic acid, leave
on ice for 5 min

3. Centrifuge at 14,000 rpm for 5 min




Plasma concentration of acetaminophen at O - 8 hr in subjects receiving acetaminophen alone

APPENDIX-3

Subject Concentrations (ug/ml) at
No. Time (hr)
0 0.17 0.33 0.5 0.75 1.0 1.5 2.0 3.0 4.0 6.0 8.0
11 0 1.75 33.25 21.75 1540 12.55 10.75 8.85 5.70 3.90 1.85 0.85
21 0 0.70 2.65 4.35 9.00 11.30 12.40 10.35 7.15 5.45 2.75 1.40
31 0 3.20 10.00 15.50 16.35 14.20 11.40 10.10 7.25 5.35 2.80 1.75
41 0 2.60 9.25 15.00 11.0 11.00 9.80 8.25 6.20 430 3.20 1.60
51 0 3.30 14.00 19.60 15.70 15.20 14.00 11.00 7.75 5.30 2.80 1.50
61 0 0.30 1.80 6.20 9.00 14.75 12.40 10.60 7.75 5.70 3.10 1.80
71 0 2.60 6.90 12.25 21.00 16.00 13.13 11.25 71.70 520 | 2.60 1.30
X 0 2.06 11.12 13.52 13.92 13.57 11.98 10.06 7.07 5.10 273 1.46
+ SD +0.45 +£4.02 | £2.44 i 168 | 2074 | +054 | £+042 | £0.31 +0.22 | £0.17 § £0.12 J

001




APPENDIX-4

Plasma concentration of acetaminophen at 0 - 8 hr in erythromycin-pretreated subjects

Subject Concentrations (ug/ml) at
No. Time (hr)
0 0.17 0.33 0.5 0.75 1.0 1.5 2.0 3.0 40 6.0 8.0

12 0 1.25 3.25 4.00 29.25 14.90 10.80 9.65 5.50 4.05 1.75 1.00
22 0 3.80 9.90 20.50 17.35 12.85 10.10 9.30 6.50 4.85 2.70 1.50
32 0 5.50 11.60 11.25 12.75 12.25 12.20 9.50 6.85 4.75 2.65 1.30
42 0 6.00 17.80 14.25 13.25 11.25 11.25 8.75 6.20 4.50 2.35 1.30
52 0 12.30 16.0 14.30 14.00 12.00 10.60 9.10 6.55 5.10 2.80 1.30
62 0 3.60 10.40 12.25 14.75 11.30 10.25 8.75 6.25 475 2.60 1.25
72 0 3.20 17.50 22.75 17.25 14.75 11.20 5.30 750 5.13 2.25 1.25
X 0 5.09 12.35 14.19 16.94 12.76 10.91 9.19 6.48 473 244 1.27

+SD +134 | £1.97 | £224 | £2.16 | 2057 | £027 | £0.13 | £023 | 2014 | £0.14 | £0.06

Lol




APPENDIX-5

Plasma concentration of acetaminophen at 0 - 8 hr in erythromycin-cimetidine pretreated subjects

Subject Concentrations (pg/ml) at
No. Time (hr).
0 0.17 0.33 0.5 0.75 1.0 1.5 2.0 3.0 4.0 6.0 8.0
13 0 4.40 12.50 19.00 14.70 12.20 10.20 9.20 5.70 3.90 185 1.00
23 0 8.70 8.76 7.00 7.20 12.20 9.35 8.20 5.50 4.20 1.90 1.10
33 0 2.60 4.95 7.75 14.75 13.50 11.13 5.80 6.90 5.20 2.80 1.60
43 0 3.90 16.80 10.75 12.00 | 13.60 9.70 8.28 6.20 4.80 2.30 1.30
53 0 1.60 7.75 7.75 9.20 .8.20 11:30 9.30 6.60 4.60 2.60 1.20
63 0 4.20 9.00 8.50 9.50 11.30 11.30 9.50 6.30 4.50 2.55 1.13
73 0 2.75 10.25 14.85 21.20 16.00 12.00 10.25 7.25 5.20 2.70 1.25
X 0 4.02 10.00 10.80 12.65 12.43 10.71 9.21 6.35 4.63 2.39 1.23
+ 8D +087 | =143 | £1.70 | £1.78 | =091 | £037 { £+029 | £024 | £0.18 | 20.14 | +£0.07

To1
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APPENDIX-6
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