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There were no significant differences in the pharmacokinetics of micafungin and expression of hepatic
multidrug resistance-associated protein 2 (ABCC2/Mrp2) between analbuminemic and Sprague-Dawley rats.
Micafungin bound strongly to high-density lipoprotein (HDL) and moderately to gamma globulin. These
results suggest that HDL and gamma globulin contribute to the pharmacokinetics of micafungin.

Micafungin is widely used for the treatment and prevention
of various fungal infections. This antibiotic appears to be pre-
dominantly eliminated by hepatic cytochrome P450 (CYP)-
mediated metabolism and partly excreted in unchanged form
in the feces via hepatobiliary excretion, whereas urinary excre-
tion is a minor excretion route (6, 12, 20). Moreover, it has also
been reported that micafungin has no effect on the metabolism
of various substrates for CYP isoforms such as CYP3A4,
CYP1A2, and CYP2C9 (4, 5, 14, 16). We have recently dem-
onstrated that micafungin is excreted into bile mainly by mul-
tidrug resistance-associated protein 2 (ABCC2/Mrp2) and
partly by ABCB1/P-glycoprotein, and its plasma protein bind-
ing level is very high (�99%) in Sprague-Dawley (SD) rats (1).
The effect of plasma protein binding on the pharmacokinetics
of micafungin, however, is not clear yet.

Nagase analbuminemic rats, which have been established
from SD rats, are characterized by a considerably low
plasma albumin concentration and hyperlipidemia (13).
Many studies regarding the pharmacokinetic characteristics
of various drugs in Nagase analbuminemic rats have been
published (2, 3, 7–9, 18).

The present study aims to clarify the role of plasma proteins
such as albumin, high-density lipoprotein (HDL), and gamma
globulin in the pharmacokinetics of micafungin in analbumin-
emic rats.

Standard solutions of micafungin and FR195743 (an internal
standard) were kindly supplied by Astellas Pharma Inc. (Tokyo,
Japan). Micafungin for injection was purchased commercially.
Human serum albumin (HSA) was obtained from Sigma Chem-
icals (St. Louis, MO). Human HDL and gamma globulin were
purchased from Wako Chemicals (Tokyo, Japan). C219 mouse
monoclonal antibody to P-glycoprotein (Dako, Glostrup, Den-
mark), human monoclonal antibody against Mrp2 (Alexis Bio-

chemicals, San Diego, CA), mouse monoclonal antibody to �-
actin (Sigma), and horseradish peroxidase-conjugated anti-mouse
immunoglobulin G (GE Healthcare UK Ltd., Buckinghamshire,
United Kingdom) were used for Western blotting. All other re-
agents were obtained commercially and were of the highest purity
available. Micafungin, HSA, gamma globulin, and HDL were
dissolved in saline.

Male SD rats (8 weeks old; body weight, 270 to 295 g) and
male Nagase analbuminemic rats (body weight, 225 to 250 g) of
the same age as the SD rats were obtained from Japan SLC
Inc. (Hamamatsu, Japan). The rats were housed under con-
trolled environmental conditions (temperature of 23 � 1°C
and humidity of 55% � 5%) with a commercial diet and water
freely available. All animal experiments were carried out in
accordance with the guidelines of Aichi Medical University for
the care and use of laboratory animals.

One day before examination, rats put under anesthesia by
intraperitoneal injection of sodium pentobarbital (25 mg/kg of
body weight) were cannulated with polyethylene tubes in the
right jugular vein for drug administration and blood sampling.
The rats received a single dose of micafungin (1 mg/kg) after
awakening. The dose of micafungin was chosen according to
previous studies (1, 17, 19). Blood samples (�0.2 ml) were
collected at designated time intervals (5, 10, 20, 30, and 45 min
and 1, 2, 4, 6, 8, and 12 h after injection of micafungin). Plasma
samples obtained were stored at �70°C until analysis.

Protein binding experiments with micafungin were per-
formed according to our previous studies (1). An aliquot (0.4
ml) of each sample (fresh plasma obtained from analbumin-
emic and SD rats and saline solution containing 0.28% HSA,
1% gamma globulin, and 0.05% HDL solution) spiked with the
desired concentrations of micafungin was dialyzed against an
equal volume of saline for 24 h at 37°C. These concentrations
were chosen on the basis of the biochemical tests. The con-
centrations of albumin and total protein in plasma were deter-
mined with the bromcresol green method and the Bradford
assay, respectively.

Concentrations of micafungin in each sample were deter-
mined by high-performance liquid chromatography according
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to the method described previously (10) with minor modifica-
tions (1).

The expression of hepatic Mrp2 and P-glycoprotein in anal-
buminemic and SD rats was measured according to our previ-
ous studies (1). The relative levels of Mrp2, P-glycoprotein,
and �-actin in each gel were measured with the NIH Image
program (Bethesda, MD).

The plasma concentration-time data for micafungin were
analyzed for each rat by the noncompartmental method. The
area under the concentration-versus-time curve (AUC) and
the area under the first-moment curve (AUMC) were calcu-
lated by the trapezoidal rule with extrapolation to infinity. The
systemic clearance (CLsys) was calculated as dose/AUC. The
mean residence time (MRT) was calculated as MRT �
AUMC/AUC. The steady-state volume of distribution (Vss)
was calculated as Vss � CLsys � MRT.

Results are expressed as means � standard errors. Statistical
comparisons were assessed by one-way analysis of variance.
Statistical differences between analbuminemic and SD rats
were assessed by Student’s t test, and P values of less than 0.05
were taken as significant.

Total cholesterol, low-density lipoprotein, and HDL were
significantly higher in analbuminemic rats than in SD rats
(Table 1). The concentration of albumin in analbuminemic rats
was 1/10 of that in SD rats, although no significant difference in
the total protein concentrations was observed between anal-
buminemic and SD rats.

Figure 1 shows the mean plasma concentration-time curves
for micafungin after a single intravenous injection in analbu-
minemic and SD rats. The CLsys and Vss of micafungin in

analbuminemic rats were 1.20 � 0.07 ml/min/kg and 0.52 �
0.02 liter/kg, respectively, values which were not significantly
different from those of SD rats (1.15 � 0.05 ml/min/kg and 0.54 �
0.08 liter/kg, respectively). These results indicate that mica-
fungin exhibits the same pharmacokinetic behavior in analbu-
minemic and SD rats. The levels of plasma protein binding of
micafungin in analbuminemic and SD rats were 99.8% �
0.05% and 99.7% � 0.06%, respectively, suggesting the possi-
ble involvement of other plasma proteins.

The protein binding potencies of micafungin for HSA,
gamma globulin, and HDL were 99.7% � 0.06%, 35.1% �
12.7%, and 97.4% � 0.25%, respectively, suggesting that mi-
cafungin binds to other plasma proteins, gamma globulin, and
HDL, besides albumin. It is reported elsewhere that globulins
play an important role in the protein binding of azosemide and
bumetanide in rats (7, 8). Considering that the concentration
of HDL in plasma of analbuminemic rats is twofold higher
than that in SD rats, it is reasonable that the plasma protein
binding of micafungin in analbuminemic rats is fairly high.

No significant differences in the expression of hepatic Mrp2
and P-glycoprotein were observed between analbuminemic
and SD rats, suggesting that analbuminemic rats possess the
same transport systems as do SD rats (Fig. 2).

It is reported elsewhere that the expression of hepatic
CYP1A2 increases in analbuminemic rats whereas the expres-
sion of CYP2E1 and CYP3A2 is unchanged (8). Considering
that micafungin is not metabolized by such CYP isozymes (4, 5,
11, 14–16), it is likely that the metabolism of micafungin is not
altered in analbuminemic rats. Analbuminemic rats have been
reported to possess normal liver function with no remarkable
pathological changes (13). These findings suggest that the

TABLE 1. Biochemical data for SD rats and Nagase
analbuminemic ratsa

Animal

Concn (mean � SD 	n � 4
)

TP (g/liter) Alb
(g/liter)

TC (nmol/
liter)

LDL (nmol/
liter)

HDL (nmol/
liter)

SDR 56.2 � 3.3 31 � 2.6 12.9 � 1.7 0.12 � 0.05 0.59 � 0.13
NAR 53.9 � 0.8 2.8 � 0.2b 34.1 � 1.0b 0.39 � 0.08b 1.43 � 0.02b

a Abbreviations: SDR, SD rats; NAR, Nagase analbuminemic rats; TP, total
protein; Alb, albumin; TC, total cholesterol; LDL, low-density lipoprotein; HDL,
high-density lipoprotein.

b Value is significantly different from that for SDR (P � 0.05).

FIG. 1. Mean semilogarithmic plots of plasma concentration-time
profiles of micafungin after a single intravenous injection at a dose of
1 mg/kg to analbuminemic (E) and SD (F) rats. Each point represents
the mean � standard error of five experiments. When the standard
error is small, it is included in the symbol. No significant differences in
plasma concentration data for micafungin at all sampling points were
observed between analbuminemic and SD rats.

FIG. 2. Expression of hepatic Mrp2 and P-glycoprotein in Nagase
analbuminemic rats (NAR) and SD rats. (A) Western blot analysis of
Mrp2, P-glycoprotein, and �-actin in SD rats and NAR. (B) Protein
levels of Mrp2 in SD rats and NAR. (C) Protein levels of P-glycopro-
tein in SD rats and NAR. The expression levels of Mrp2 and P-
glycoprotein were evaluated by referring to that of �-actin, and each
bar shows the intensity ratio to the value for SD rats (control). Each
bar represents the mean � standard error of four experiments. No
significant differences in the expression of Mrp2 and P-glycoprotein
were observed between NAR and SD rats.
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pharmacokinetics of micafungin in analbuminemic rats is al-
most the same as that in SD rats.

In conclusion, the present study is the first to report that the
pharmacokinetics of micafungin is not altered in analbumin-
emic rats because micafungin binds to other plasma proteins,
gamma globulin and HDL, besides albumin.
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