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The currently available drugs for the treatment of systemic fungal infections are am
photericin B. flucytosine. miconazole and ketoconazole. 

Amphotericin B has to be given intravenously in the treatment of deep mycoses. The 
dose is gradually increased following a small initial dose. though this may delay the at
tail/menl of therapeutic concentrations. Amphotericin B. serum concentrations are propor
tiol/al to dose but only up to doses of 50mg. The serum pharmacokinetics fit a 3-compart
ment model. while cerebrospinal fluid pharmacokinetics fit a 2-compartment model. The 
precise identities of these compartments have not been determined. In the serum there is a 
relatively rapid initial half-life of 1 to 2 days. and a slower elimination phase of 15 days. 
Amphotericin B penetrates poorly into other body tissues. and concentrations are usually 
well below those in serum. This may partly be due to its high protein binding. The routes 
of amphotericin B elimination in man are unknown. Amphotericin B invariably causes dose
related renal damage. but this does not markedly alter its pharmacokinetics; mannitol in
fusions do not reduce this nephrotoxicity. Concurrent gentamicin administration and sod
ium depletion may enhance amphotericin B nephrotoxicity. 

Flucytosine may be given orally or intravenously. It has a high (greater than 80%) oral 
bioavailability. but this is lower in patients with renal failure. Flucytosine absorption is 
delayed in renal failure and by antacids. The serum pharmacokinetics fit a I-compartment 
model. and the apparent volume of distribution approximates to body water. Flucytosine 
has low protein binding and good tissue penetration. There is minimal metabolism in man; 
conversion to 5-fluorouracil may be the basis of flucytosine toxicity. Since flucytosine is 
largely eliminated by renal excretion. serum concentrations are markedly increased in the 
presence of renal impairment. The renal clearance of flucytosine closely parallels creatinine 
clearance. and in renal failure the half-life is considerably prolonged. Toxicity can be avoided 
by therapeutic monitoring of serum concentrations and reducing the dose when renal func
tiol/ is impaired. 

Miconazole is poorly absorbed from the gut; therefore intravenous administration is re
quired for treatment of systemic fungal infections. Its serum pharmacokinetics fit a 3-com
partment model with a short initial half-life of less than 1 hour. an intermediate half-life of 
2 hours. and a terminal half-life of 20 hours. Despite this long terminal half-life. miconazole 
has to be given every 8 hours. It has a high apparent volume of distribution and is highly 
bound to plasma proteins. Adequate penetration only occurs into certain body tissues. Pen-



Systemic Antifungal Drugs 18 

etration into cerebrospinal fluid is poor and intrathecal injection may be required. Micon
azole is axidised in man and the inactive metabolites are excreted mainly in urine. Serum 
concentrations of miconazole are higher in renal failure. but dosage adjustment is rarely 
necessary. Miconazole toxicity is not related to pharmacokinetics. and the need for thera
peutic monitoring of serum concentrations is unclear. Miconazole enhances the anticoag
ulant effect of warfarin. 

Ketoconazole is well absorbed from the gut. Food has been reported to both enhance and 
reduce ketoconazole absorption. Absorption is decreased in renal failure and when gastric 
acidity is reduced. Its pharmacokinetics fit a 2-compartment model. The initial half-life is 
between 1 and 4 hours and the terminal half-life ranges between 6 and 10 hours; both 
elimination phases are dose-dependent. Ketoconazole is almost completely protein bound. 
and penetration into body tissues is variable. It is extensively metabolised. mainly by ox
idation. to metabolites without antifungal activity which are excreted in urine and faeceS. 
Renal and hepatic disease do not appear to affect ketoconazole kinetics. Therapeuticfailure 
is associated with low serum concentrations of the drug. therefore therapeutic monitoring 
is afuse in such patients. Cimetidine. and presumably other H!-receptor antagonists. reduce 
ketoconazole serum concentrations by reducing absorption. 

Antifungal drugs fall into three major groups. 
The first of these groups, the polyene antifungals, 
includes amphotericin B, natamycin and nystatin. 
These 3 agents are all effective topically for the 
treatment of superficial forms of candidiasis, but 
amphotericin B is the only member of this group 
which can also be given intravenously, and despite 
its many side effects remains the most important 
drug in managing the majority of systemic fungal 
infections. Flucytosine is a synthetic nucleotide an
alogue and the sole member of the second im
portant group of antifungal drugs. It has a limited 
antifungal spectrum, but is useful in the manage
ment of certain patients with systemic candidiasis 
and cryptococcosis. Flucytosine is ineffective 
against most infections caused by filamentous fungi 
and another disadvantage is the emergence of re
sistant strains if it is used alone. 

The third group of major antifungals is the im
idazoles. Five imidazole derivatives are currently 
available for topical use: clotrimazole, miconazole, 
econazole, isoconazole and tioconazole. Of these, 
miconazole is also available as an intravenous 
preparation; it is better tolerated than amphoteri-

cin B, but thrombophlebitis is a significant prob
lem. These imidazoles are poorly absorbed from 
the gut. With oral administration of miconazole 
therapeutic concentrations are difficult to attain 
without the use of large doses which cause gastric 
side effects. Clotrimazole induces its own metab
olism and serum concentrations are barely detect
able after a few days of oral therapy. However, a 
newer imidazole, ketoconazole, is active systemi
cally after oral administration. 

Certain other agents have been useful for spe
cific fungal infections, e.g. griseofulvin, which has 
a spectrum limited to the agents of dermatophy
tosis. It is absorbed from the gut and concentrated 
in the outer stratum corneum. 

The currently available drugs useful in the treat
ment of systemic fungal infections (so-called 'deep 
mycoses') are: amphotericin B, flucytosine, micon
azole and ketoconazole. The pharmacokinetic 
characteristics of these drugs are the subject of the 
present review. Their pharmacology and therapeu
tic use have been reviewed by Bennett (1974), 
Cartwright (1978), Hoeprich (1978), Meade (1979), 
Sarosi et a1. (1979), Heel et a1. (1980), Medoff and 
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Kobayashi (1980), Stranz (1980), Bell (1981), Heel 
et al. (1982), Levine (1982), and Utz (1982). One 
review has dealt specifically with the complications 
of amphotericin B therapy (Maddux and Barriere, 
1980). Potential future agents have been discussed 
by Ryley et al. (1981), and two recent monographs, 
one on antifungal chemotherapy in general (Speller, 
1980) and the other on fungal infection in the com
promised patient (Warnock and Richardson, 1982), 
deal with the clinical and laboratory aspects of 
treating fungal disease. 

1. Amphotericin B 

1.1 Physicochemical Properties 
and Activity 

Amphotericin A and B are produced together 
during fermentation of Streptomyces nodosus, but 
only amphotericin B is used clinically. It is a 
polyene antibiotic containing both hydrophilic and 
lipophilic sites. Amphotericin B is not soluble in 
water and is also unstable. Its antifungal activity 
is greatest between pH 6.0 and 7.S, and diminishes 
as the pH falls. 

Amphotericin B is active against most fungi 
pathogenic in man, including Blastomyces der
matitidis. Candida species, Coccidioides immitis, 
Cryptococcus neoformans. Histoplasma capsula
tum and Sporothrix schenckii. Aspergillus species 
are the most frequently resistant fungi while the 
Mucorales show variable resistance. Apart from 
these exceptions however, resistant strains are sel
dom encountered among fungi susceptible to the 
drug. Amphotericin B acts by binding irreversibly 
to the sterol component of the fungal cell mem
brane. This causes deterioration in cell membrane 
function and ultimately leads to cell death. 

Amphotericin B is available as a topical cream 
and ointment, pessaries, lozenges, oral suspension 
and tablets, and as a powder for intravenous use. 
The latter is formulated in vials containing 50mg 
amphotericin B, sodium phosphate buffer, and 
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sodium desoxycholate (41mg), a bile salt which 
helps solubilise amphotericin B by forming a col
loidal dispersion. 

l.2 Absorption 

Amphotericin B is poorly absorbed following 
oral administration. Serum amphotericin B con
centrations were only 0.04 to 0.5 mg/L in 13 
patients given oral doses of 1.6 to Sg per day for 
2 days. In some of these patients oral administra
tion produced extremely low and often un
detectable amphotericin B concentrations in cere
brospinal fluid (CSF) [Louria, 1958]. The non-ab
sorbability of amphotericin B from the gut and 
consequent absence of systemic side effects make 
it a suitable agent for the treatment of oral and 
gastrointestinal fungal infections. 

In animals, absorption from intramuscular sites 
of administration is also poor. Amphotericin B is 
extremely irritant when injected into muscle and 
this route should not be used in man. Conse
quently, it needs to be given intravenously for the 
treatment of systemic fungal infections, but when 
given by this route it invariably causes side effects. 
These may be minimised by initially giving small 
doses which are then increased over 3 to 5 days. 

l.3 Serum Concentrations after 
Intravenous Administration 

In 15 patients without previous renal disease, 
intravenous doses of 5 to 70mg daily produced 
serum concentrations between 0.14 and 2.39 mg/ 
L 4 hours after the start of the infusion (Bind
schadler and Bennett, 1969). In the same study, 
altcrnate-day doses of 2S to lOSmg gave serum 
concentrations between l.00 and 2.40 mg/L at the 
end of the 4-hour infusion. In comparison with 
daily administration, alternate-day therapy with 
double the daily dose gave higher peak concentra
tions, but minimum serum concentrations of am-
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photericin B were not significantly different with 
the 2 regimens (Bindschadler and Bennett, 1969). 
Also in this study, there was a proportionality be
tween dose and serum levels at doses between 5 
and 50mg, but at higher doses this relationship was 
lost. Peak concentrations tended to plateau at doses 
above 50mg (Bindschadler and Bennett, 1969). 

In 20 patients given repeated 50mg intravenous 
doses of amphotericin B, mean serum concentra
tions were 1.21,0.62 and 0.32 mg/L after 1, 18 and 
42 hours from the end of the infusion (Fields et 
aI., 1970). Detectable levels of the drug were still 
present at 7 weeks but not at 13 weeks after the 
end of treatment (Fields et aI., 1970). 

Amphotericin B is usually given as a slow intra
venous infusion over 4 to 6 hours. Fields et a1. 
(1971) have examined the effects of rapid infusion 
in 3 patients. The mean serum concentration was 
2.02 mg/L I hour after rapid (45 minute) infusion 
of a 50mg dose, and 1.18 mg/L 1 hour after a slow 
(5 hour) infusion of the same dose. However, mean 
serum concentrations at 18 and 42 hours post-in
fusion were not significantly different after rapid 
and slow infusion. It was therefore suggested that 
rapid infusion may be more effective (and possibly 
without any more side effects) than slow infusion 
in seriously ill patients, although this has not yet 
been confirmed clinically. 

The usual method of starting amphotericin B 
treatment, i.e. beginning with a small dose, leads 
to a delay in achieving therapeutic levels. On the 
basis of a pharmacokinetic model, daily doses of 
I, 5, 10 and 50mg given on days 1, 2, 3 and 4 
respectively, would result in therapeutic ampho
tericin B concentrations (between 0.2 and 0.5 mg/ 
L) on day 4, and these would be maintained for 
about 10 hours (Atkinson and Bennett, 1978). Us
ing the same model, an alternative regimen of 25mg 
on days I and 2, and 30mg on day 3 would result 
in therapeutic concentrations on day I which would 
be maintained from day 2 (Atkinson and Bennett, 
1978). The latter regimen has therefore been rec
ommended for seriously ill patients, although it 
should be pointed out the pharmacokinetic model 

---
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used was based on data derived from a single 
patient. 

1.4 Distribution 

The apparent volume of distribution of ampho
tericin B in man is about 4 L/kg (Atkinson and 
Bennett, 1978). Detailed pharmacokinetic data from 
2 patients suggest a 3-compartment model: a cen
tral compartment and 2 peripheral compartments, 
I fast and I slow. The volumes of the central and 
the fast and slow peripheral compartments are 0.44, 
0.35 and 3.20 L/kg, respectively (Atkinson and 
Bennett, 1978). The central compartment probably 
represents blood volume but the identity of the 
peripheral compartments has not yet been deter
mined. 

Amphotericin B concentrations in body fluids 
other than serum are generally quite low. Urine 
contains only 3% of a dose given 24 hours earlier. 
Samples of peritoneal, pleural and synovial fluid 
usually contain less than half the simultaneous 
concentration in serum (Polak, 1979). In a patient 
with Candida peritonitis, the amphotericin B con
centration in peritoneal fluid ranged between 0.44 
and 0.78 mg/L, while the simultaneous serum con
centrations were 0.52 and 1.5 mg/L (Peterson et 
aI., 1978). Higher concentrations may be achieved 
in peritoneal fluid by giving amphotericin B intra
peritoneally (Bayer et aI., 1976). 

Penetration of amphotericin B into bronchial 
secretions is poor. In the dog, an intravenous dose 
of 1.2 mg/kg bodyweight produced a serum con
centration of 1.36 mg/L and a concentration in 
bronchial secretions of 0.16 mg/L just after the in
fusion, but subsequent bronchial specimens were 
less than 0.1 mg/L (Pennington et aI., 1974). 

In non-human primates, 24 hours after intra
venous administration of tritiated amphotericin B 
the highest concentrations were found in the kid
ney, followed by the liver, spleen, adrenal glands, 
lung, thyroid, heart, skeletal muscle, pancreas, brain 
and bone in decreasing order. In these animals poor 
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penetration was noted into the cerebrospinal fluid 
(CSF), eye and urine (Hoeprich, 1978). However, 
in rabbits with experimental uveitis, good penetra
tion into the aqueous humour has been noted 
(Green et ai., 1965). 

1.4.1 Cerebrospinal Fluid Concentrations 
In man, CSF concentrations of amphotericin B 

are usually only 2 to 4% of the serum concentration 
following intravenous administration. Therefore 
patients with fungal meningitis may require in
trathecal administration of amphotericin B, which 
may be facilitated by the use of a subcutaneous 
reservoir (Diamond and Bennett, 1973). A 2-com
partment model has been used to describe the 
pharmacokinetics of amphotericin B in the CSF 
following intrathecal administration (Atkinson and 
Bindschadler, 1969). Since the CSF half-life of am
photericin B increases following repeated admin
istration, it is thought to accumulate in the second 
compartment whose site is unknown (Atkinson and 
Bindschadler, 1969). 

1.4.2 Protein Binding 
Amphotericin B is highly protein bound in 

serum, mainly to i1-lipoproteins (Bindschadler and 
Bennett, 1969). At serum concentrations of 0.75 
and 1.60 mg/L the mean protein binding was 91 
and 95% respectively (Block et ai., 1974). This in 
part accounts for the poor penetration of ampho
tericin B into other body compartments and also 
its poor dialysability (Block et aI., 1974). 

1.5 Elimination 

The metabolic fate of amphotericin B in man 
is unknown and no metabolites have been identi
fied. Animal data are also sparse. In rhesus mon
keys, high concentrations of amphotericin B have 
been noted in bile following intravenous admin
istration (Lawrence et aI., 1980). In dogs, serum 
amphotericin B concentrations were about 20% 
higher during periods of biliary obstruction (Cra-
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ven et ai., 1979). Metabolites were not identified 
in either study. It is possible that amphotericin B 
does not undergo metabolism, but is stored in vari
ous body tissues for prolonged periods. 

The routes of elimination of amphotericin B in 
man are also unknown. Although only 3% of an 
administered dose appears in the urine after 24 
hours (Atkinson and Bennett, 1978; Louria, 1958), 
a greater percentage can be accounted for in the 
urine after prolonged monitoring (Atkinson and 
Bennett, 1978). In animals, combined biliary and 
renal excretion accounted for less than half the dose 
administered (Craven et aI., 1979; Lawrence et aI., 
1980). The fate of the rest is unknown. This may 
partly be due to limitations of assay methods, such 
that very low concentrations of amphotericin B ex
creted over a prolonged period may be undetect
able. 

In man, the total clearance of amphotericin B 
is low; values of 24.0 and 36.1 ml/min were noted 
in 2 patients (Atkinson and Bennett, 1978). 

Half-life: Amphotericin B has a compl'.ratively 
rapid initial serum half-life of about 24 to 48 hours, 
followed by a second elimination phase with a half
life of about IS days (Atkinson and Bennett, 1978). 
Consequently, steady-state serum levels may not 
be achieved for some months after starting am
photericin B. In rhesus monkeys, a terminal elim
ination half-life of over 11 days had previously been 
noted by Jagdis et al. (1977). 

1.6 Pharmacokinetics in Renal and 
Hepatic Disease 

Amphotericin B almost invariably causes de
terioration in renal function; however, this does not 
alter its pharmacokinetics. Therefore, amphoteri
cin B dosage does not require alteration in patients 
with renal dysfunction (Bindschadler and Bennett, 
1969; Block et aI., 1974; Feldman et aI., 1973). Pre
existing renal disease does not alter peak and trough 
amphotericin B levels (Bindschadler and Bennett, 
1969), though it may be prudent to employ some-



Systemic Antifungal Drugs 

what reduced dosages in such patients to reduce 
the extent of further renal damage. A correlation 
was, however, noted in 14 patients between serum 
creatinine and peak serum amphotericin B con
centrations, but not trough levels (Bindschadler and 
Bennett, 1969). 

Renal disease has a variable but modest effect 
on the renal excretion of amphotericin B (Bind
schadler and Bennett, 1969). Amphotericin B be
haves as a colloid in aqueous solution and is poorly 
dialysable. Its poor dialysability and high protein 
binding result in only negligible amounts being 
cleared by haemodialysis: in 4 patients amphoter
icin B clearance was between 3 and 5% of the si
multaneous creatinine clearance (Block et aI., 1974). 
There was no evidence of accumulation of the drug 
in an anephric patient given a total dose of 180mg 
over 16 days (Feldman et aI., 1973). However, be
cause of the long terminal half-life of amphotericin 
B, the effect of renal disease on steady-state levels 
may only be apparent after several months of ther
apy. 

The effects of liver disease on amphotericin B 
pharmacokinetics are unknown. Ligation of the bile 
duct produces some increase in serum amphoter
icin B concentrations in animals (Craven et aI., 
1979), though such a change in patients with bili
ary obstruction has not been reported. 

1.7 Amphotericin B Pharmacokinetics 
and Toxicity 

The renal toxicity of amphotericin B is related 
to the total dose of the drug rather than to any 
specific pharmacokinetic parameter. In treatment, 
the total dose of amphotericin B and therefore its 
renal toxicity may be reduced by the concurrent 
administration offlucytosine (Bennett et aI., 1979). 

A normochromic normocytic anaemia almost 
always occurs in patients on prolonged amphoter
icin B treatment. It is possible that amphotericin 
B depresses the bone marrow directly or causes an
aemia secondary to its renal damage. Amphoteri-
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cin B-induced depression of erythropoietin pro
duction is the probable mechanism of the anaemia, 
though the relationship between drug kinetics and 
anaemia was not examined (MacGregor et aI., 
1978). 

1.8 Therapeutic Monitoring 

A number of microbiological methods for am
photericin B estimation in serum, CSF and other 
body fluids are available (Bannatyne et aI., 1977; 
Bindschadler and Bennett, 1969; Cosgrove and 
Fairbrother, 1977; Gale, 1974; Green et aI., 1965; 
Shadomy et aI., 1969). These are time consuming 
and interference from other drugs is a problem. 
Freezing of the serum samples produces variable 
discrepancies in assay results (Bannatyne and 
Cheung, 1977). Assay by a radiometric method may 
be less time consuming (Hopfer and Groschel, 
1977). A more rapid, specific and sensitive high 
performance liquid chromatographic (HPLC) 
method therefore offers considerable advantages 
(Nilsson-Ehle et aI., 1977). 

Therapeutic monitoring of amphotericin B 
serum and CSF concentrations is oflimited clinical 
value. Optimum serum concentrations for specific 
fungal infections are not known. In addition, it is 
not clear in which pharmacokinetic compartment 
amphotericin B concentrations are crucial (Atkin
son and Bennett, 1978). A I-hour post-infusion 
serum concentration of twice the minimum inhib
itory concentration offungal isolates is thought de
sirable (Drutz et aI., 1968). 

1.9 Drug Interactions 

Amphotericin B is a comparatively unstable 
compound but the precaution of protecting the in
fusion from light appears unnecessary (Block and 
Bennett, 1973). The drug is stable in 5% dextrose 
in water with or without added heparin or hydro
cortisone sodium phosphate (Block and Bennett, 
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1973; Gotz et aI., 1981; Jurgens et at, 1981). Par
enteral amphotericin B preparations contain phos
phate buffer which is incompatible with calcium
containing intravenous solutions, and the drug is 
also precipitated by other electrolyte solutions 
(J urgens et aI., 1981). 

Antagonism between amphotericin Band mi
conazole has been recorded clinically (Schacter et 
aI., 1976) and confirmed experimentally (Cosgrove 
et aI., 1978). Possible antagonism between keto
conazole and amphotericin B has also been sus
pected (Brass et aI., 1980), though not confirmed 
experimentally (Odds, 1983). 

The combination of amphotericin B and gen
tamicin may produce synergistic nephrotoxicity. 
Churchill and Seely (1977) reported 4 patients with 
leukaemia who developed such an interaction. 
Within a few days the serum creatinine rose very 
sharply. Two of the patients died and autopsy 
showed renal tubular necrosis in both. 

Amphotericin B causes hypokalaemia and this 
effect is potentiated by corticosteroids. Combined 
administration of these drugs may also result in 
reversible cardiac enlargement (Chung and Koe
nig, 1971). The hypokalaemia also potentiates dig
oxin toxicity (Cushard et aI., 1969; Miller and Bates, 
1969) and may cause rhabdomyolysis (Drutz et aI., 
1970). Hypokalaemia is the basis of an interaction 
between amphotericin B and skeletal muscle relax
ants, resulting in enhancement of the effect of non
depolarising (curariform) drugs. Sodium depletion 
was noted to enhance the nephrotoxicity of am
photericin B in 2 patients (Feely et aI., 1981). 

Mannitol infusions have been given to patients 
receiving amphotericin B in the hope of reducing 
nephrotoxicity (Olivero et at, 1975; Rosch et aI., 
1976). However, this was not confirmed by a 
clinical trial; indeed there was some suggestion that 
mannitol contributed to amphotericin B-induced 
renal vascular pathology (Bullock et aI., 1976). More 
recently, studies in dogs showed antagon
ism of amphotericin B-induced renal damage by 
dopamine and saralasin (Reiner and Thompson, 
1979). 

2. Flucytosine 

2.1 Physicochemical Properties 
and Activity 
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Flucytosine (5-fluorocytosine; 5-FC) is a syn
thetic fluorinated pyrimidine, similar to fluorour
acil, and was initially developed for use in cancer 
chemotherapy. It is slightly soluble in water and 
readily soluble in alcohol. Flucytosine has a narrow 
spectrum of activity limited to Cr. neoformans, 
Candida species and Cladosporium species. There 
is marked variability in sensitivity of different iso
lates, especially Candida species of which half may 
be resistant. Resistance to flucytosine may develop 
during therapy for cryptococcosis and for candid
iasis (Scholer, 1980). For this reason flucytosine is 
seldom given alone, but rather in combination with 
amphotericin B. However, as it attains high con
centrations in the urine, flucytosine may be useful 
when given alone in the treatment oflower urinary 
tract candidiasis, provided the infecting strain re
mains sensitive. 

Flucytosine enters the fungal cell, a process aided 
by cytosine permease, and in the cytoplasm is in
corporated into RNA after deamination to 5-fluo
rouracil and undergoing phosphorylation. This in
terferes with the normal synthesis in the fungal cell. 
Cellular protein synthesis may also be interrupted 
by the direct inhibition of DNA synthesis by flu
cytosine metabolites. The selective action of flu
cytosine on fungi depends upon the host's cells not 
converting flucytosine to 5-fluorouracit 

Flucytosine is available as oral tablets and as an 
infusion for intravenous use. 

2.2 Absorption 

Flucytosine is rapidly and completely absorbed 
after oral administration in normal (healthy) adults 
(Cutler et aI., 1978; Dawbom et aI., 1973; Koechlin 
et aI., 1966; Schonebeck et aI., 1973). Food and 
encapsulation of the dosage form delay but do not 
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decrease absorption. In normals, a single oral dose 
of 500mg resulted in peak serum concentrations of 
11.2, 8.7 and 9 mg/L at 0.6, I and 1.5 hours when 
the dose was given as a solution, capsule and cap
sule with food, respectively (Cutler et aI., 1978). 

Absorption of flucytosine is also delayed in the 
presence of impaired renal function. In terminal 
renal failure, peak flucytosine concentrations of 48.0 
± 4.7 mg/L (mean ± SEM) occurred at 10 hours 
after a 2g oral dose (Dawborn et aI., 1973). Fol
lowing a Ig oral dose, peak concentrations between 
22.6 and 31.7 mg/L were seen in patients on 
haemodialysis (Cutler et aI., 1978). In a group of 
patients with mild to moderate renal insufficiency, 
peak flucytosine concentrations of 46.3 ± 7.2 mg/ 
Land 37.8 ± S.3 mg/L were noted following single 
oral doses of 1.5 and 2g, respectively (Block and 
Bennett, 1972). The lower peak concentrations at 
the higher dose level cannot be explained, espe
cially as detailed information on time of sampling 
and degree of renal dysfunction is not available. 

Flucytosine absorption is delayed by concomi
tant administration of aluminium hydroxide/mag
nesium hydroxide suspension in normals (Cutler 
et ai., 1978). The rate of absorption may also be 
decreased by neomycin (Bruckner and Creasey, 
1974). Lack of absorption of flucytosine is ex
tremely unusual and has been documented in only 
a single patient with Sjogren's syndrome (Scholer, 
1980). 

The oral bioavailability of flucytosine is above 
80% in normal subjects but lower in patients with 
renal failure (see table I). 

2.3 Serum Concentrations after 
Oral Administration 

Following an oral dose of 1.5g flucytosine, peak 
serum concentrations of 45.8 ± 7.1 myL were seen 
in patients with cryptococcal meningitis who had 
normal renal function (Block and Bennett, 1972). 
In normal adults, a single oral dose of 2g gave peak 
concentrations of 30 ± 2.8 mg/L at 2 hours (Daw-
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born et ai., 1973), while a similar dose in patients 
with cryptococcal meningitis resulted in peak con
centrations of 48.5 ± 2.5 mg/L between 1 and 2 
hours after administration (Block and Bennett, 
1972). 

Flucytosine serum concentrations are increased 
by renal insufficiency. In normal adults without 
renal dysfunction, single oral doses of 2g resulted 
in peak serum concentrations between 30 and 40 
mg/L (Dawborn et ai., 1973; Schonebeck et ai., 
1973; Wade and Sudlow, 1972), while a dose of 2g 
given 4 times per day to patients with cryptococcal 
meningitis and varying degrees of renal function 
resulted in steady-state serum concentrations be
tween 50 and 120 mg/L (Block and Bennett, 1972). 
In patients with cryptococcosis and normal renal 
function (serum creatinine less than 120 ~mol/L), 
repeated oral doses of 150 mg/kg bodyweight per 
day (given in divided doses 4 times per day) re
sulted in a mean flucytosine serum concentration 
of 78 mg/L between 1 and 2 hours after adminis
tration and this fell to 60 mg/L at 6 hours (Bennett 
et ai., 1979). In comparison, the same dose of flu
cytosine given to patients with cryptococcosis and 
a serum creatinine between 120 and 160 ~mol/L 
gave serum concentrations of 119 mg/L between 1 
and 2 hours and 99 mg/L at 6 hours after admin
istration (Bennett et ai., 1979). 

In a single patient, long term oral therapy with 
flucytosine 100 mg/kg bodyweight per day for 2 
weeks produced serum concentrations between 20 
and 35 mg/L 4 hours after administration. This in
creased to between 55 and 72 mg/L at a dose of 
200 mg/kg bodyweight per day for 2 weeks, and 
then fell to between 30 and 42 mg/L when the dose 
was reduced to 150 mg/kg bodyweight per day for 
5 months (Morison et ai., 1974). 

2.4 Distribution 

The apparent volume of distribution of flucyto
sine approximates to body water (see table I). Flu
cytosine is only 4% bound to plasma proteins over 
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serum concentrations between 2 and 55 mg/L 
(Block et ai., 1974), though higher protein binding 
had previously been reported (Davies and Reeves, 
1971). CSF concentrations of flucytosine are usu
ally 75% of serum concentrations (Block and Ben
nett, 1972; Fass and Perkins, 1971; Shadomy, 1970); 
however, the range is wide (see table II). 

Flucytosine penetrates well into the peritoneal 
cavity after oral or intravenous administration 
(Bennett, 1977; Drouhet et aI., 1973) and also into 
inflamed joints (Levinson et ai., 1974). In dogs, flu
cytosine concentrations in bronchial secretions were 
found to be 76% of serum concentrations 3 hours 
after an intravenous dose (Pennington et ai., 1974). 
Saliva concentrations of flucytosine in man are half 
or less than half the serum level (Scholer, 1980). 
Penetration into the eye occurs, though there is little 
information on intraocular flucytosine concentra
tions in man. 

The good penetration of flucytosine into most 
body tissues has been ascribed to its high water 
solubility, low molecular weight and low protein 
binding. 

2.5 Elimination 

2.5.1 Metabolism 
Less than 1 % of a dose of flucytosine is believed 

to be metabolised in man, though more occurs in 
other species (Scholer, 1980). This is thought to be 
deamination to 5-fluorouracil or dihydrofluorour
acil (Koechlin et ai., 1966; Polak et aI., 1976). Us
ing sensitive methods (gas chromatography-mass 
spectrometry), Diasio et al. (l978a) found 5-fluo
rouracil serum concentrations between 10 and 400 
~gfL in normal volunteers after a 2g oral dose of 
flucytosine. Similarly, in patients with cryptococcal 
meningitis being treated with flucytosine and am
photericin B, 5-fluorouracil concentrations of be
tween 2 and 3060 ~g/L were found (Diasio et ai., 
1978a). Conversion of flucytosine to 5-fluorouracil 
may be one mechanism in the development of flu
cytosine-associated toxicity. 
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Table II. Summary of studies reporting flucytosine serum and cerebrospinal fluid concentrations 

Reference No. of Diagnosis Dose 
patients (mg/kg) 

Shadomy 5; CSF Cryptococcal 100 
(1970) from 3 meningitis 

4; CSF Cryptococcal 150 
from 3 meningitis 

Fass and Perkins 5 Cryptococcal 50-140 
(1971) meningitis 

Block and Bennett 2 Cryptococcal 4 g/day 
(1972) meningitis (oral) 

2.5.2 Excretion and Half-life 
Flucytosine is principally eliminated by renal 

excretion and the plasma cleamnce of the drug very 
closely parallels creatinine clearance (Cutler et aI., 
1978; Dawborn et aI., 1973; Schonebeck et ai., 
1973), The half-life of flucytosine is usually be
tween 3 and 6 hours in adults with normal renal 
function (see table I), The half-life is only slightly 
prolonged in premature neonates (Drouhet et aI., 
1974), 

The half-life of flucytosine increases as the 
plasma creatinine concentration rises, and flucyto
sine cleamnce decreases as creatinine clearance falls 
(see table J), This close relationship has been vari
ously expressed as follows: 

t'h (h) = [6,8 X plasma creatinine (mg/dl)] - 2,7 
(Dawborn et aI., 1973) 

t.l , (min) = 
0.55 x bOdyweight (kg) 

Creatinine clearance (L) 
(Wade and Sudlow, 1972) 

t", (h) = [5.2 x plasma creatinine (mg/dl)] + 0.4 
(Cutler et aI., 1978) 

In view of its renal route of excretion, high flu
cytosine concentrations are present in urine (Cutler 

Sampling CSF conc. Serum conc. CSF/serum 
time after (mg/L) (mg/L) (%) 

dose [mean and [mean and [mean and 
(h) range] range] range] 

3-4 14.8 16,8 88 
(8.5-28) (1.8-33.0) 

3-4 27.8 43.9 63 
(18.3-40) (23-86) 

1-2 41.1 58.5 74 
(17-62) (23-101) (33-100) 

78.2 91 79 
(43-123) (88-94) (69-89) 

et aI., 1978; Davies and Reeves, 1973; Dawborn et 
aI., 1973; Holt and Newman, 1973; Speller, 1974). 
In a patient with urinary candidiasis a daily flu
cytosine dose of 2.5g gave urinary concentrations 
between 300 and 1500 myL, and in another patient 
a daily dose of 4g resulted in urinary concentra
tions varying between 50 and 660 mg/L (Davies 
and Reeves, 1971). In adults and children given 
oral flucytosine at dosages between 2S and 200 mg/ 
kg bodyweight per day, the serum flucytosine con
centrations ranged between 0.9 and 66 mg/L and 
urinary concentrations between 18 and 2000 mg/ 
L (Holt and Newman, 1973). In 2 diabetic patients 
with urinary infection with Torulopsis glabrata, a 
daily flucytosine dose between 50 and 150 mg/kg 
bodyweight resulted in serum concentrations be
tween 26 and 94 mg/L and urinary concentrations 
ranging from 900 mg/L to 5800 mg/L (Speller, 
1974). 

2.6 Pharmacokinetics in Renal and 
Hepatic Disease 

As mentioned above, renal disease markedly in
fluences flucytosine pharmacokinetics, resulting in 
a slower rate of absorption, prolongation of the 



Systemic Antifungal Drugs 

serum half-life' and decreased clearance (Cutler et 
aI., 1978; Dawborn et aI., 1973; Schonebeck et aI., 
1973); details of these changes are given in table I. 
The apparent volume of distribution of flucytosine 
is not significantly altered by renal failure. Dosage 
adjustment is usually required in the presence of 
renal impairment and various recommendations 
have proved useful (Scholer, 1980; Schonebeck et 
aI., 1973). Our current recommendations are shown 
in table III. 

In patients undergoing haemodialysis, the clear
ance of flucytosine is similar to creatinine clear
ance (Block et aI., 1974; Cutler et aI., 1978) and 
increases linearly with blood flow through the dia
lyser (Block et aI., 1974). The clearance of flucyto
sine by peritoneal dialysis is not as good as haemo
dialysis but equals creatinine clearance (Polak, 
1979). 

Liver disease in laboratory animals does not sig
nificantly alter the pharmacokinetics of intraven
ous flucytosine (Block, 1973). In man, the available 

Table III. Recommendations for flucytosine dosage in renal 

insufficiency 

Creatinine Individual Dose 

clearance dose interval 

(ml/min) (mg/kg) (h) 

>40' (25-) 50 6 
40-20 (25-) 50 12 
20-10 (25-) 50 24 

<10 50 >242 

1 Renal function is considered to be normal when creatin
ine clearance is greater than 40 to 50 ml{min or concentration 
of creatinine in serum is less than 180 mol{L; concentration of 
creatinine in serum is not reliable unless renal function is stable. 

2 Dose interval must be based on serum drug concentra
tion measurement at frequent intervals. Maximum concentration 
in serum must not exceed 80 mg/L. 
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data are limited to a single patient with biopsy 
proven cirrhosis and cryptococcal meningitis who 
achieved serum flucytosine concentrations after oral 
administration which were similar to patients 
without hepatic or renal disease (Block, 1973). 

The effects, if any, of severe liver disease on flu
cytosine pharmacokinetics have not been deter
mined. 

2.7 Flucytosine Pharmacokinetics 
and Toxicity 

Although gastrointestinal, hepatic and haem a
to logical side effects of flucytosine are uncommon 
(Scholer, 1980), there is some evidence to suggest 
that in certain patients these may be related to 
serum concentrations rather than to idiosyncracy 
(Kaufmann and Frame, 1977). Bone marrow tox
icity is likely when serum flucytosine concentra
tions are 125 mg/L or more, and this is more likely 
in the presence of renal impairment (Kaufmann 
and Frame, 1977). The bone marrow depression is 
usually reversible following reduction of serum flu
cytosine concentrations; however, over 10 fatal in
stances of bone marrow suppression have been 
noled (Schoier, 1980). Conversion of flucytosine to 
5-fluorouracil in man has been proposed as the 
mechanism of bone marrow toxicity (Diasio et aI., 
1978b). In one study (Bennett et aI., 1979), flu
cytosine toxicity was associated with serum con
centrations greater than 100 mg/L in 6 out of 7 
patients. In the same study, 5 ot~er patients had 
serum flucytosine concentrations greater than 100 
mg/L but did not develop toxicity.' 

The relationship between gastrointestinal and 
hepatic side effects and serum concentrations is 
even less well established. Present evidence sug
gests that the likelihood of toxicity is reduced if 
serum flucytosine concentrations do not exceed 100 
to 125 mg/L. This is well above the mean steady
state concentration range of 35 to 70 mg/L rec
ommended for effective antifungal chemotherapy 
(Scholer, 1980). 
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2.8 Therapeutic Monitoring 

Monitoring of serum concentrations is neces
sary in order to avoid toxicity (see above) or to 
adjust dosage in the face of changing renal func
tion. A number of microbiological (bioassay) 
methods for the determination of flu cytosine have 
been described (Schiavone et a1., 1973; Schonebeck 
et a1., 1973; Shadomy, 1969) and some can meas
ure flucytosine in the presence of amphotericin B 
(Kaspar and Drutz, 1975; Kaufmann et a1., 1976). 
Flucytosine has also been measured by spectro
fluorometry (Wade and Sudlow, 1972) and gas
liquid chromatography (Harding et al., 1976; Wee 
and Anhalt, 1977). Greater precision and accuracy 
has been achieved by measuring flucytosine by 
HPLC (Blair et a1., 1975; Bury et a1., 1979; Diasio 
et al., 1978b; Minors et al., 1980; Warnock and 
Turner, 1981). 

2.9 F1ucytosine Drug Interactions 

For the treatment of various systemic fungal 
diseases flucytosine is combined with amphoteri
cin B to advantage (Bennett et a1., 1979). However, 
amphotericin B invariably causes a deterioration 
in renal function thereby increasing flucytosine 
serum concentrations and half-life (see above). This 
is probably the most common important drug 
interaction with flucytosine, although any drug 
which impairs renal function will similarly cause 
flucytosine toxicity. Though 5-fluorouracil absorp
tion may be diminished by oral neomycin (Bruck
ner and Creasey, 1974) there is little evidence to 
suggest that flucytosine is similarly affected. 

As already mentioned, concomitant administra
tion of aluminium hydroxide/magnesium hydrox
ide suspension delays flucytosine absorption (Cut
ler et a1., 1978) but has little effect on its 
bioavailability. F1ucytosine is competitively inhib
ited by cytarabine (cytosine arabinoside) [Cart
wright, 1978] and should therefore not be used in 
patients receiving the latter drug. 

3. Miconazole 

3.1 Physicochemical Properties 
and Activity 
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Miconazole is a relatively stable synthetic im
idazole derivative which is sparingly soluble in 
water, but readily soluble in most organic solvents. 
It has a broad spectrum of antifungal activity 
against most clinically important fungi causing sys
temic infection, including Aspergillus species, Can
dida species, Co. immitis, Cr. neoformans, and 
Paracoccidioides brasiliensis. It is also active against 
the agents of dermatophytosis. Its therapeutic ef
ficacy in systemic fungal infections has been re
viewed by Heel et al. (1980), Holt (1980) and Ben
nett and Remington (1982). The mechanism of 
action of miconazole is not fully understood, but 
probably involves an alteration in fungal cell wall 
permeability, or alteration of RNA and DNA me
tabolism, or an intracellular accumulation of per
oxides which are toxic to the fungal cell. 

Miconazole is available as a topical cream, lo
tion and tincture, oral gel, vaginal tablets and 
cream, oral tablets, and as ampoules for parenteral 
use (containing 200mg base in 20ml of solution 
which includes 10% of'Cremophor EL' as solvent). 

3.2 Absorption 

Miconazole is poorly absorbed from the gas
trointestinal tract after oral administration. Serum 
miconazole concentrations show wide interindivi
dual variation and are generally too low to be 
therapeutic (Boelaert et a1., 1976; Mannisto et al., 
1983). Oral doses of 522 and 1000mg produced 
mean peak serum concentrations of 0.37 and 1.16 
mg/L respectively, 2 to 4 hours after administra
tion (Boelaert et ai., 1976). Simultaneous oral and 
intravenous administration of 522mg in 4 healthy 
adults gave a mean oral bioavailability of 27% 
(Boelaert et ai., 1976). The low oral bioavailability 
may be due to both incomplete absorption (Brug-
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mans et aI., 1972), and hepatic first-pass metab
olism (Plempel, 1979). 

Absorption from other body sites, e.g. skin, va
gina and buccal mucosa, is negligible (Brugmans et 
aI., 1972; Scheijgrond, 1978). Therefore, therapy of 
systemic fungal infection requires parenteral 
administration of miconazole, usually by intraven
ous infusion. The following sections deal largely 
with the pharmacokinetics of the intravenous prep
aration. 

3.3 Serum Concentrations after 
Intravenous Administration 

Intravenous infusion of 522mg to 4 normal 
adults, 4 patients with mild renal impairment, and 
4 patients undergoing haemodialysis, resulted in 
mean concentrations 15 minutes after infusion of 
6.18 (range 2.02-9.1 0), 21.85 (range 3.28-32.95), and 
13.98 (range 2.36-31.78) mgfL, respectively. Mean 
concentrations I hour after the infusion were 1.90, 
6.76 and 4.55 mg/L; after 4 hours the mean con
centrations were 0.44, 0.90 and 0.77 mg/L in the 
above 3 groups, respectively (Boelaert et aI., 1976; 
Lewi et aI., 1976). 

Data on serum miconazoie concentrations in 
patients with fungal disease are limited. Micona
zole given intravenously in doses of 85 to 300mg, 
400 to 550mg, 600 to 800mg and 1000 to 1200mg 
resulted in mean serum concentrations of 0.8, 1.2, 
2.6 and 2.2 mg/L, respectively, in the first hour 
after administration; these concentrations fell to 0.5, 
0.4, 0.5 and 0.8 mg/L, respectively, between 1 and 
4 hours after the infusion (Levine, 1977). Intra
venous infusion of 12.5 to 50 mg/kg bodyweight 
produced miconazole serum levels 5 minutes post
infusion between 5.0 and 13.4 mg/L in 6 patients 
with coccidioidomycosis (Hoeprich et aI., 1980). 

In another study, Stevens et a!. (1976) noted 
peak serum concentrations of 2.5 and 2.0 mg/L in 
2 patients given 352 and 585 mg/m2, respectively, 
by the intravenous route. Doubling the frequency 
of administration from 3 to 6 times per day with-
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out changing the total daily dose considerably re
duced the peak concentrations from 2.35 and 3.70 
in 2 patients to 1.56 and 1.08 mg/L, respectively. 
However, there was only minor elevation in the 
trough levels from 0.16 and 0.57 to 0.27 and 0.65 
mg/L, respectively (Stevens et aI., 1976). In 10 
patients with systemic mycoses, maximum serum 
concentrations of 7.5, 7.5, 2.3 and 1.8 mg/L were 
noted IS minutes after intravenous infusion of 
1000, 800, 600 and 400mg of miconazole, respec
ti vely (Sung et aI., 1977). 

Information on serum levels in children is also 
sparse (Clarke et aI., 1980; Sung et aI., 1979). In I 
neonate with candidiasis and poor renal function, 
an intravenous dose of 6 mg/kg bodyweight re
sulted in serum levels of 0.65 and 0.18 rrig/L at 2 
and 6 hours post-infusion, respectively; reduction 
of the dose to 4 mg/kg body weight resulted in 
serum concentrations of 0.71 mg/L after I hour 
and 0.23 mg/L after 4 hours (Sung et aI., 1979). In 
another neonate, an intravenous dose of 3.8 mgf 
kg bodyweight produced serum levels of 0.53 and 
0.19 mg/L at 2 and 6 hours after administration. 
Increasing the dose to 6.9 mg/kg bodyweight re
sulted in a 2-hour concentration of 1.26 mg/L and 
a 6-hour concentration of 0.27 mg/L (Sung et aI., 
1979). 

3.4 Distribution 

The mean apparent volume of distribution of 
miconazole was 1474L in normals, 809L in patients 
with renal disease, and 1388L in patients under
going haemodialysis (Lewi et aI., 1976). The mean 
volumes of the central compartment were 105, 57 
and 64.2L in the above 3 groups, respectively (Lewi 
et aI., 1976). Similar pharmacokinetic data are not 
available from patients with systemic mycoses. 

In man, miconazole appears to penetrate well 
into certain body tissues, while other sites achieve 
negligible tissue concentrations. In 3 patients with 
joint and bone coccidioidomycosis, peak micona
zole concentrations in synovial fluid were 0.9, 0.5 
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and 1.35 mg/L with intravenous doses of 200, 600 
and 1200mg, respectively. In 2 of these patients, 
trough synovial fluid concentrations of 0.32 and 
0.60 mg/L were seen with doses of 600 and 800mg 
(Deresinski and Stevens, 1979). Currently, there is 
no information on penetration into bone and 
muscle. 

Studies in rabbits showed good intraocular pen
etration of miconazole when the drug was given 
intravenously, or by subconjunctival or topical ap
plication (Foster and Stefanyszyn, 1979). Com
bined topical and subconjunctival miconazole has 
been successful in treating keratomycosis (Foster, 
1981), but candidal endophthalmitis was treated 
successfully only after the intravenous dose of mi
conazole was doubled to 2400mg per day (Gallo et 
aI., 1982). 

3.4.1 Cerebospinal Fluid Concentrations 
Penetration of miconazole into CSF is poor, 

concentrations less than half the simultaneous 
serum level being achieved after intravenous 
administration. Following an intravenous dose of 
30 mg/kg bodyweight per day, serum levels were 
between less than 0.5 and 4.35 mg/L, but CSF lev
els were virtually undetectable (Fisher et aI., 1978). 
In 1 patient without meningitis, an intravenous 
dose of 585 mg/m2 produced a miconazole con
centration in lumbar CSF of 0.1 mg/L, while the 
serum concentration was 2.0 mg/L (Stevens et aI., 
1976). In another patient in remission, a dose of 
352 mg/m2 resulted in a serum concentration of 
2.5 mg/L, and lumbar and cisternal CSF concen
trations of 0.27 and 0.4 mg/L, respectively. Sung 
et al. (1978) found concentrations of 0.1 to 0.3 mg! 
L about an hour after an intravenous infusion of 
800mg in 12 patients. In comparison, intrathecal 
injection of 20mg of miconazole at the lumbar re
gion gave cisternal CSF concentrations of 6.2, 2.4, 
0.7 and 0.24 mg/L at 12, 24, 48 and 72 hours, re
spectively (Sung et aI., 1977, 1978). This route of 
administration achieves higher concentrations 
which are maintained longer than those following 
intravenous administration. Cisternal administra-
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tion has also been used but may cause fatal su!>
arachnoid haemorrhage (Sung et aI., 1977). 

3.4.2 Protein Binding 
Miconazole is largely bound to plasma proteins, 

particularly albumin. At serum concentrations be
tween 10 and 100 mg/L, protein binding of 93.1 % 
was found by equilibrium dialysis and 90.7% by 
ultrafiltration (Stevens et aI., 1976). This in part 
explains the poor penetration of miconazole into 
CSF and other fluids such as sputum. No micon
azole was detectable in the sputum of 1 patient de
spite peak serum concentrations of 6.7 and 4.5 mg/ 
L on 2 occasions (Stevens et aI., 1976). 

3.5 Elimination 

3.5.1 Metabolism 
In man, miconazole is thought to be rapidly me

tabolised by hepatic microsomal enzymes (Brug
mans et aI., 1972). The major metabolite is pro
duced by oxidative N-dealkylation, and a secondary 
metabolite is produced by oxidative O-dealkyla
tion. Breakdown of the imidazole ring produces a 
number of lesser metabolites. None of the metab
olites possess antifungal activity. 

There are 2 major and 3 minor miconazole me
tabolites excreted in faeces, but only 2 major and 
1 minor metabolite in urine (Brugmans et aI., 1972). 
Miconazole metabolism is not altered by repeated 
administration (Brugmans et aI., 1972) and the drug 
is probably not an inducer of hepatic microsomal 
enzymes. 

3.5.2 Excretion 
Miconazole is eliminated largely in the faeces 

and urine as inactive metabolites. Between 14 and 
22% of an intravenous dose and 10% of an oral 
dose is excreted in the urine; however, only 1% of 
this is present as unchanged miconazole. About 50% 
of an oral dose can be recovered in faeces, a large 
amount being present as unchanged drug (Brug
mans et aI., 1972). 
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3.5.3 Ha/flife 
Following an oral dose of 250mg after an over

night fast, the mean serum miconazole half-life in 
10 subjects was 1.68 hours (Mannisto et aI., 1983). 
An intravenous dose of 522mg in healthy adults 
and patients with renal impairment produced a tri
phasic elimination pattern with a rapid initial half
life of about 0.4 hours, an intermediate half-life of 
about 2.5 hours, and a terminal half-life of about 
24 hours (Lewi et aI., 1976). In patients with fungal 
diseases, Stevens et al. (1976) noted a biphasic de
cay in serum concentrations with initial and ter
minal elimination half-lives of 0.5 and 20 hours, 
respectively. Sung et a1. (1977) also noted a rapid 
initial half-life of 1 hour and a much slower ter
minal half-life. 

Despite its slow terminal half-life miconazole 
has to be given at least 3 times per day in order 
to achieve effective serum concentrations. How
ever, it has been suggested that serum concentra
tions continuously in excess of the minimum in
hibitory concentrations may not be needed to treat 
mycotic infections with miconazole (Symoens, 
1977). 

3.6 Pharmacokinetics in Renal and 
Hepatic Disease 

Miconazole kinetics are unchanged in patients 
with end-stage renal failure undergoing haemodi
alysis when compared with normal adults (Lewi et 
al., 1976). However, a significantly smaller appar
ent volume of distribution of miconazole was found 
in patients with moderate renal insufficiency, and 
this resulted in higher serum concentrations of the 
drug (Lewi et al., 1976). Currently, there is no in
formation on the pharmacokinetics of miconazole 
in patients with fungal and renal disease. Micon
azole is not removed by haemodialysis. 

The effects of liver disease on miconazole ki
netics have not been examined, but in view of its 
degradation by hepatic microsomal enzymes and 
possible first-pass metabolism, liver disease would 
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be expected to influence miconazole disposition 
pharmacokinetics. 

3.7 Miconazole Pharmacokinetics 
and Toxicity 

Phlebitis, pruritus, rashes, haematological com
plications and other toxic and adverse effects caused 
by intravenous miconazole are not dose-related and 
appear reversible on stopping the drug. The vehicle 
solution, 'Cremophor EL' (polyethoxylated castor 
oil), causes hyperlipidaemia (Bagnarello et aI., 1977; 
Barr et al., 1978; Naito et aI., 1980; Sung et al., 
1978) but this is also not dose-related. It is possible 
that some of the adverse reactions seen with mi
conazole (Stevens, 1977), particularly cardiorespir
atory toxicity (Fainstein and Bodey, 1980), are 
related to rapid intravenous infusion, but phar
macokinetic data have not been published in these 
reports. It is therefore unclear whether a relation
ship exists between the toxicity and the pharmaco
kinetics of miconazole. 

3.8 Therapeutic Monitoring 

Miconazole concentrations in serum and other 
body fluids may be determined by bioassay (Es
pinel-Ingroff et aI., 1977; Odds and Macdonald, 
1981), gas-liquid chromatography (Mannisto et aI., 
1983) or HPLC (Brodie et al., 1978; Turner and 
Warnock, 1982). However, the need for regular 
monitoring of serum miconazole concentrations 
during prolonged treatment is unclear. As noted 
above (section 3.5.3), it has been suggested that 
serum levels continuously in excess of the mini
mum inhibitory concentrations of the infecting 
fungal organism may not be necessary for success
ful therapy (Symoens, 1977), and it is unclear 
whether therapeutic failures with miconazole (Ben
nett and Remington, 1982; Fisher et al., 1978) are 
related to low serum concentrations of the drug. 
Also, the side effects of miconazole appear to be 
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unrelated to specific pharmacokinetic parameters; 
consequently, therapeutic monitoring would not be 
useful in this context. 

3.9 Miconazole Drug Interactions 

The antagonism between miconazole and am
photericin B (Schacter et aI., 1976) has been re
ferred to earlier, and the 2 drugs should not be given 
together. Miconazole may prolong prothrombin 
time in patients on warfarin and other coumarin 
anticoagulants, though the mechanism for this 
interaction is unclear (Deresinski et aI., 1977; Van
breuseghem, 1977; Watson et aI., 1982). 

4. Ketoconazole 

4.1 Physicochemical Properties and Activity 

Ketoconazole is a synthetic imidazole deriva
tive structurally similar to earlier imidazoles such 
as miconazole and clotrimazole. It is a weak di
basic compound and almost insoluble in water ex
cept at a pH lower than 3. Despite this, it is active 
systemically when given by the oral route. Keto
conazole has a spectrum of antifungal activity sim
ilar to that of miconazole. The present status of 
ketoconazole as an antifungal drug has recently been 
reviewed (Heel et aI., 1982; Levine, 1982). Its ef
ficacy in treating systemic fungal infections in man 
is currently being evaluated. 

At present, ketoconazole is available only as 
tablets (of 200mg). 

4.2 Absorption 

Ketoconazole is well absorbed after oral admin
istration, producing peak serum concentrations after 
usual single doses which should be clinically useful 
against many fungi. Absorption may be decreased 
in some patients with markedly reduced stomach 
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acidity. Mean peak ketoconazole concentrations of 
about 6.5, 4.5, 1.3 and less than 0.5 mg/L were 
noted after administration of 400mg cimetidine 
followed by 200mg ketoconazole in acidified so
lution, 200mg ketoconazole alone, 400mg cimeti
dine followed by 200mg ketoconazole, and 400mg 
cimetidine followed 2 hours later by 200mg keto
conazole with bicarbonate (van der Meer et aI., 
1980); these studies were performed after an over
night fast. 

Food has been reported both to enhance and 
reduce absorption. In one study, serum concentra
tions were higher and more consistent at 1 and 2 
hours after administration when ketoconazole 
200mg was taken during a standard breakfast in 30 
patients with onychomycosis (Gascoigne et aI., 
1981). In normal subjects given oral doses of 200mg 
and 400mg with breakfast, mean peak ketocona
zole concentrations of 3.6 and 6.5 mg/L occurred 
at 2 and 2.5 hours after administration, respec
tively (Daneshmend et aI., 1981). More recently, 
Brass et al. (1982) found a reduction in mean AUe 
when single doses of ketoconazole were taken with 
meals or with antacid (aluminium hydroxide/mag
nesium hydroxide), but these reductions were not 
significant when compared with the fasting state. 
However, Mannisto et al. (1983) found that break
fast significantly reduced the absorption of keto
conazole: the mean peak concentration was 4.1 mg! 
L in the fasting state and only reached 2.3 mg/L 
when the 200mg dose was taken after breakfast. 
Ingestion of ketoconazole with orange juice pro
duced an intermediate mean peak concentration of 
3.6 mg/L (Mannisto et aI., 1983). 

Daily administration of 200mg ketoconazole for 
up to 28 weeks resulted in relatively stable keto
conazole concentrations between 3 and 5 mg/L 
(Gascoigne et aI., 1981). However, allogenic bone 
marrow transplant recipients showed a steady de
cline in serum ketoconazole concentrations after 2 
weeks, and this was associated with therapeutic 
failure (Hann et aI., 1982). This decline was as
cribed to bone marrow transplant related impair
ment of gastrointestinal function. 
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4.3 Serum Concentrations after 
Oral Administration 

In single-dose studies, serum ketoconazole con
centrations 2 hours after a 200mg oral dose have 
been variously reported as follows: I. 54 to 3.12 mgJ 
L in 56 patients (Negroni et aI., 1980); 1.6 to 7.0 
mg/L in 21 patients (Robertson et aI., 1980); 2.5 
mg/L in 10 patients, and less than 0.4 mg/L in 2 
patients (Hay et aI., 1980). Galimberti et al. (1980) 
noted a 2-hour serum concentration range of 1.56 
to 3.12 mg/L in 75% of their patients, while the 
remainder had concentrations below 0.78 mg/L. 
After the first dose of 200mg ketoconazole, the 2-
hour serum concentration was between 0.03 and 
15 mg/L in 7 patients with systemic and deep my
coses; this changed to between 0.62 and 3.5 mg/L 
after 3 to 12 weeks on the same dose (Drouhet and 
Dupont, 1980). 

Ketoconazole concentrations 12 hours after a 
200mg dose are about 0.1 mgJL (Daneshmend et 
aI., 1981; Gascoigne et aI., 1981). Long term oral 
therapy with 200mg daily for 28 weeks produced 
steady-state serum levels between 3 and 5 mg/L 
(Gascoigne et aI., 1981). Similar concentrations 
were seen for up to 5 weeks in immunocompro
mised patients (Hann et aI., 1982). After a single 
oral dose of 400mg, mean peak ketoconazole con
centrations were 6.5 mg/L (Daneshmend et aI., 
1981) and 5.5 mgJL (Gascoigne et aI., 1981), though 
a lower concentration of 3.42 mg/L has been re
ported on repeated dosing (Espinel-IngrofT et aI., 
1981). 12 hours after a 400mg dose, mean keto
conazole concentrations ranged between 0.3 and 
0.4 mg/L in normal subjects (Daneshmend et aI., 
1981; Gascoigne et aI., 1981). There is limited in
formation on serum concentrations of ketocona
zole after 600 and 800mg doses. Peak concen
trations between 30 and 50 mg/L were noted in 2 
patients on a 600mg dose. Interestingly, in 2 other 
patients, peak concentrations initially rose when 
the dose was increased from 400 to 800 mg/day, 
but were less than half the original value after 3 to 
4 months on the higher dose (Brass et aI., 1982). 
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Ketoconazole 400mg per day for 10 to 12 
months in 4 patients resulted in serum concentra
tions 2 hours after administration between 1 and 
4 mg/L; drug accumulation did not occur in 1 
patient with moderate liver impairment (Hawkins 
et aI., 1981). 

4.4 Distribution 

Information on tissue distribution of ketocon
azole in man is limited. Following a 200mg oral 
dose, ketoconazole is detectable in urine, saliva, se
bum and cerumen (Heel, 1982). The extent of its 
penetration into skin is not yet known. Uninfected 
bone, soft tissue and infected bone in amputated 
material from a patient with coccidioidomycosis 
had no detectable ketoconazole, while tendon and 
infected skin had concentrations of 2 and 10.7 mg/ 
L, respectively (Brass et aI., 1982). In excised tissue 
from a patient with paraspinal coccidioidomycosis, 
Graybill et al. (1980) found ketoconazole concen
trations of less than 0.4 mg/L in bone and muscle. 
In joint fluid, concentrations of 0.06, 0.12 and 2.50 
mg/L were present at 2, 2.6 and 8 hours after a 
200mg oral dose (Brass et aI., 1982). 

No kctoconazole was detectable in saliva after 
a 50mg oral dose (Brass et aI., 1982). After 100mg, 
a saliva concentration of 0.59 mg/L was detected 
only at 45 minutes after administration. A 200mg 
dose produced saliva levels of 2.43 and 0.30 mg/ 
L after 1 and 2 hours, respectively (Brass et aI., 
1982). 

4.4.1 Cerebrospinal Fluid Concentrations 
In 4 patients with meningeal disease, CSF con

centrations of ketoconazole ranged between un
detectable levels and 0.24 mg/L 60 to 130 minutes 
after a 200mg oral dose, and were between unde
tectable levels and 0.85 mg/L (mean 0.39 mg/L) 60 
to 225 minutes after a 400mg dose (Brass et aI., 
1982). No ketoconazole was detectable in the CSF 
of patients without meningitis. Brass et al. (1982) 
also found no correlation between simultaneous 
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serum and CSF concentrations. These workers had 
previously noted (Brass et aI., 1980) a ketoconazole 
concentration of 0.85 mgjL in CSF and 13 mg/L 
in serum in a patient with meningeal disease given 
200mg, then 400mg per day for some months. 

In a patient with candidal meningitis given 
ketoconazole 400mg twice daily for 1 week, a peak 
CSF concentration of 3 mg/L was seen at 6 hours; 
after 30 days' treatment the peak concentration was 
2.2 mg/L at 8 hours (Fibbe et aI., 1980). Substan
tially lower values for peak CSF ketoconazole con
centrations in meningeal coccidioidomycosis (0.3 
mg/L) have been noted on a daily dose of 800mg 
(Craven et aI., 1981). In unpublished studies 
(quoted by Heel, 1982) higher CSF concentrations 
of 2 and 7 mg/L were noted 3 to 4 and 1 to 2 hours 
after oral doses of 200 and 400mg, respectively. 

4.4.2 Protein Binding 
In plasma, only 1 % of ketoconazole exists as the 

free drug. The remainder is bound to plasma pro
teins, particularly albumin. In whole blood, 84% of 
ketoconazole is bound to plasma proteins, 15% to 
blood cells and 1 % is present as free drug (Heel et 
aI., 1982). 

4.5 Elimination 

4.5.1 Metabolism 
Heel (1982) has summarised the unpublished 

data on ketoconazole metabolism. In 3 males given 
tritiated ketoconazole, 70% of the dose was ex
creted over 4 days (57% in faeces and 13% in urine). 
Extensive metabolism appears to occur after ab
sorption. Between 20 and 65% of faecal radioac
tivity was due to unchanged drug, but only 2 to 4% 
of urinary radioactivity consisted of unchanged 
ketoconazole. Separation and analysis of urinary 
and faecal extracts has identified the major metab
olites. In man, the important metabolic pathways 
appear to be oxidation of the imidazole ring, deg
radation of the oxidised imidazole, oxidative 0-
dealkylation, oxidative degradation of the pipera-
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zine ring, and aromatic hydroxylation. However, 
none of the identified metabolites possess antifun
gal activity. 

After oral administration, ketoconazole may 
undergo first-pass metabolism (presystemic elimi
nation). Peak concentrations after oral doses to mice 
showed a disproportionate increase in serum levels 
with increasing doses (Borelli et aI., 1979). In man, 
a similar disproportionate increase in AUC has 
been noted following oral doses of 100, 200 and 
400mg (Daneshmend et aI., 1981; Gascoigne et aI., 
1981). This has been interpreted as first-pass me
tabolism during absorption with transient satura
tion of hepatic metabolic capacity (Heel, 1982). In
terestingly, this relationship has not been found to 
persist at higher doses, and suggests either better 
absorption, non-linear elimination, saturable first
pass metabolism or a change in the apparent vol
ume of distribution of ketoconazole (Brass et aI., 
1982). 

Preliminary evidence suggests that the metab
olism of ketoconazole is inducible by other drugs 
and by ketoconazole itself at daily doses greater 
than 400mg per day (Brass et aI., 1982). This and 
other aspects ofketoconazole pharmacokinetics (e.g. 
clearance) are hampered by the lack of an intra
venous preparation. 

4.5.2 Excretion 
Ketoconazole is excreted in the faeces as me

tabolites and unchanged drug in variable propor
tions in healthy subjects (Heel, 1982). Following 
extensive metabolism, the metabolites are excreted 
into the gut, probably in bile (see above). Urinary 
excretion of ketoconazole is small and an unim
portant route of elimination. 

Graybill et al. (1980) found a urinary concen
tration of only 0.4 mgjL in 24-hour collections from 
8 patients with fungal disease given 200 or 400mg 
orally. 

4.5.3 Halflife 
Ketoconazole half-life appears to be dose-de

pendent (see table IV), the half-life increasing with 
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Table IV. Summary of studies reporting mean serum half-life of ketoconazole following oral administration 

Reference Assay Subjects Dose (mg)/conditions Half-life 

no. diagnosis 
(h) 

Brass et al. Bioassay 11 Coccidioidomycosis 200 tab; fasting 4.0 
(1980) 

Brass et al. Bioassay 15 Patients 
(1982) 

Daneshmend Bioassay 6 Normals 
etal.(1981) 

Mannisto et al. HPLC 10 Normals 
(1982) 

Gascoigne et al. GLC 12 Normals 
(1981) 

Maksymiuk et al. Bioassay 9 Leukaemia 
(1982) and HPLC 

increasing dosage (Daneshmend et aI., 1981; Gas
coigne et aI., 1981). With an oral dose of 200mg 
the range of mean ketoconazole half-lives has been 
1.51 to 4 hours. At the higher dose of 400mg, half
lives of 2.21 and 2.7 hours have been noted. In 
other studies, a mean half-life of 3.7 hours (range 
1.3 to 11.6) has been reported in cancer patients 
on 400 to 800mg per day (Maksymiuk et aI., 1982). 
In contrast, a half-life of 55 minutes has been noted 
in severely immunocompromised patients given 
400mg per day (Hann et aI., 1983). 

Using a sensitive gas-liquid chromatographic 
method of measuring ketoconazole concentrations 
and prolonged sampling (48 hours), Gascoigne et 
al. (1981) found that ketoconazole has a slow elim
ination phase with terminal half-lives in normal 
subjects of 6.5, 8.1 and 9.6 hours after doses of 100, 
200 and 400mg, respectively. In contrast to the 
other pharmacokinetic studies, this study clearly 

200 tab 3.0 

200 tab; breakfast 2.0 
400 tab; breakfast 2.7 

200 tab; fasting 1.75 
200 tab; breakfast 1.92 
200 tab; orange juice 1.80 

t"" t'2.i 

100 tab; breakfast 1.44 6.5 
200 soln; breakfast 1.51 6.6 
200 tab; breakfast 1.75 8.1 
400 tab; breakfast 2.21 9.6 

200 tab every 6h day 1 5.1 
day 8 5.4 
day 15 3.9 

200 tab every 12h day 1 3.0 
day 8 2.4 
day 15 3.0 

shows that ketoconazole kinetics after oral admin
istration fit a 2-compartment model. This slower 
elimination phase is also dose-dependent. 

4.6 Pharmacokinetics in Renal and 
Hepatic Disease 

Renal disease causes non-significant decreases 
in the rate of absorption and peak serum concen
trations of ketoconazole. Urinary elimination of 
ketoconazole is normally small and this is further 
diminished in renal failure (Heel, 1982). In 2 
patients with renal failure undergoing haemodialy
sis, there was no change in ketoconazole half-life 
or peak concentrations, and the drug did not ap
pear to be dialysable (Brass et aI., 1982). Dosage 
adjustment is therefore not required in renal 
failure. 
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Mild liver dysfunction does not appear to affect 
ketoconazole kinetics (Heel, 1982; Heel et aI., 1982). 
However, in 1 patient with liver disease given single 
oral doses of 200 and 400mg, ketoconazole serum 
concentrations remained elevated up to 8 hours 
later and half-life could not be calculated (Brass et 
aI., 1982). This suggested impairment of ketocon
azole metabolism in liver disease, but long term 
administration in the same patient showed no ac
cumulation. The influence ofliver disease on keto
conazole kinetics requires further study. 

4.7 Ketoconazole Pharmacokinetics 
and Toxicity 

Numerous mild and reversible side effects have 
been observed with ketoconazole (Heel et aI., 1982). 
Though as many as 10% of patients treated with 
ketoconazole show transient abnormalities of liver 
function (Heel et aI., 1982), ketoconazole-induced 
hepatitis is uncommon (Horsburgh et ai., 1982). 
However, some severe cases of hepatitis and a few 
deaths possibly caused by ketoconazole-induced 
hepatotoxicity have occurred. Currently, there is 
no information on the relationship between the 
pharmacokinetics and toxic or idiosyncratic reac
tions to ketoconazole. 

4.8 Therapeutic Monitoring of 
Ketoconazole 

Most studies have employed microbiological 
methods for measuring ketoconazole in various 
body tissues and various bioassay techniques have 
been described (Clayton and Wingfield, 1981; Da
neshmend et ai., 1981; Jorgenson et aI., 1981; Van 
Cutsem et ai., 1980); these methods have a lower 
limit of sensitivity between 0.05 and 0.125 mg/L. 
Gas-liquid chromatographic measurement of keto
conazole is more sensitive (lower limit down to 
0.001 mg/L) [Gascoigne et ai., 1981] but this 
method has been employed only by the manufac-
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turers. More recently, a number of HPLC methods 
have been described but most do not offer any 
greater sensitivity over bioassay (Alton, 1980; An
drews et aI., 1981; Mannisto et aI., 1983; Swezey 
et aI., 1982). 

Peak serum ketoconazole concentrations after a 
200mg dose did not correlate with clinical response 
in 86 patients with superficial infections or in 74 
patients with deep mycoses (Heel, 1982). Similarly, 
the rate of clinical response in patients with der
matophyte infections was not related to serum 
ketoconazole concentrations (Robertson et aI., 
1980). However, Negroni et aI. (1980) found that 
therapeutic failure in 3 patients with paracoccidi
oidomycosis was associated with ketoconazole 
concentrations below 0.19 mg/L. Also, Hay et aI. 
(1980) found that in 2 patients who achieved serum 
concentrations of less than 0.4 mg/L at 2 hours on 
a 200mg dose, doubling the dose led to higher and 
possibly more therapeutic concentrations. Re
cently, it has been shown that therapeutic failure 
in both immunocompetent and immunocom
promised patients is often associated with low 
serum levels (Graybill et aI., 1982; Hann et aI., 
1982). For this reason it is important to monitor 
serum ketoconazole concentrations in all cases of 
apparent therapeutic failure. 

4.9 Ketoconazole Drug Interactions 

Therapeutic failure in 1 patient was ascribed to 
an interaction between cimetidine and ketocona
zole, and pretreatment of normal adults with ci
metidine led to a 65% reduction in the AVC of 
ketoconazole (van der Meer et aI., 1980). Therefore 
cimetidine. should be given about 2 hours after 
ketoconazole to reduce this interaction. In con
trast, pretreatment with a proprietary antacid 
('Maalox') did not significantly reduce ketocona
zole absorption (Brass et aI., 1982). Similarly, con
current administration of neomycin sulphate, col
istin and co-trimoxazole do not appear to affect 
ketoconazole absorption (Hann et aI., 1982). 

--------------
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Possible antagonism between ketoconazole and 
amphotericin B was suspected in 2 patients (Brass 
et aI., 1980). This is a theoretical possibility in view 
of the antagonism between amphotericin Band 
miconazole (Cosgrove et a!., 1978). However, there 
have been no other reports of this suspected an
tagonism and in vitro work suggests some synergy 
between ketoconazole and amphotericin B (Odds, 
\983). 
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