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This study assessed the tissue distribution of anidulafungin in rats. Anidulafungin rapidly distributed into
tissues, achieving peak concentrations within 30 min, and maintained levels above MICs for common patho-
gens over 72 h. In tissues susceptible to fungal infection (liver, lung, spleen, kidney), exposure was 9- to 12-fold
higher than in plasma.

Anidulafungin, a new echinocandin, has broad-spectrum an-
tifungal activity in vitro (E. M. Johnson, B. P. Goldstein, K. G.
Davey, and M. A. Fraser. Presented at the 14th European
Congress of Clinical Microbiology and Infectious Diseases,
Prague, Czech Republic, 2004; 11, 20). It has also demon-
strated clinical efficacy (7, 12, 17) and is approved for treat-
ment of esophageal candidiasis, candidemia, and other forms
of Candida infections in the United States and Europe. It has
been suggested that echinocandin concentrations in infected
tissues are an important determinant for pharmacodynamic
activity (8). Therefore, we assessed the tissue distribution and
pharmacokinetics of anidulafungin in rats in two separate stud-
ies. Plasma and tissue levels of anidulafungin in clinically rel-
evant tissues were evaluated by high-performance liquid chro-
matography (HPLC) with UV detection in study 1 and by
quantitative whole-body autoradiography in study 2.

Study 1. Male F344 rats (n � 30) aged 10 to 11 weeks and
weighing 223.6 to 243.8 g received a single intravenous dose of
[14C]anidulafungin, 5 mg/kg of body weight, over approxi-
mately 5 min. The structure of anidulafungin and the position
of the radiolabel are indicated in Fig. 1. Blood, cerebrospinal
fluid (CSF), and tissue (kidney, liver, lung, muscle [quadri-
ceps], spleen, and skin) samples were collected predose and at
0.083, 0.5, 1, 2, 4, 8, 24, 48, and 72 h postdose (n � 3 rats per
time point). Concentrations of the parent drug (i.e., anidula-
fungin) in these samples were determined by HPLC; the lower
and upper limits of quantitation were 20 and 5,120 ng/ml for
plasma and 220 and 56,320 ng/g for tissue, respectively. In
addition, total radioactivity (representing the parent drug as
well as metabolites) was assayed using liquid scintillation
counting. Pharmacokinetic parameters (peak concentration
[Cmax], time to achieve peak concentration [tmax], area under
the curve from 0 to infinity [AUC0-�], AUC from 0 to 24 h
[AUC0–24], terminal half-life [t1/2], volume of distribution [V],
and total body clearance [CLT]) were determined by noncom-
partmental methods. Since three rats per time point were sam-
pled, the pharmacokinetic parameters were derived based on a
composite mean concentration-time profile.

After [14C]anidulafungin was administered intravenously,

the Cmax value of anidulafungin in plasma was observed at 5
min postdose (Table 1). Subsequently, anidulafungin levels in
plasma exhibited an initial rapid decline, followed by a slower
decline (Fig. 2). In the plasma, the AUC0-24 accounted for
more than 90% of the AUC0-�, and anidulafungin had a t1/2

value of 18.5 h (Table 1). In tissues, on the other hand, after an
initial decrease in concentration of the parent drug, a slight
flattening of the concentration-time curve was observed in
some tissues at approximately 8 h postdose; a similar flattening
was not detected in the plasma (Fig. 2). Peak concentrations of
anidulafungin in lung and liver were obtained at 5 min post-
dose and in other tissues at 30 min postdose (Table 1). Nota-
bly, peak tissue concentrations, except those in skin and mus-
cle, were severalfold higher than in plasma. Among the tissues
examined, liver, lung, kidney, and spleen had high exposures to
anidulafungin. Based on the ratio of AUC0-� values for the
parent drug, levels of anidulafungin were about 9- to 12-fold
higher in the liver, lung, kidney, and spleen than in the plasma
(Fig. 3 and Table 1). The tissue/plasma ratios of anidulafungin
AUC in skin and muscle, on the other hand, were less than
unity (Table 1). Elimination of the parent drug from tissues
appeared to be slower than from plasma, based on t1/2 values
(Table 1).

The concentration-time profiles for drug-derived radioactiv-
ity in plasma and tissues were similar to that of anidulafungin.
However, drug-derived radioactivity levels were approximately
two to threefold higher than the parent drug in both the
plasma and the tissues (Fig. 4). Initially, most of the radioac-
tivity was associated with anidulafungin, but beyond 24 h, less
than 50% of the total radioactivity was associated with un-
changed drug. Peak levels of drug-derived radioactivity in
plasma and lung were achieved at 5 min and in kidney and
spleen at 30 min (Table 2). A secondary peak for total radio-
activity was seen in the kidney and to a lesser extent in the lung
and the spleen. Drug-derived radioactivity appeared to be
eliminated from plasma and tissues at rates that were slower
than that of the parent drug, based on t1/2 values (Table 2).
This was also supported by comparing the CLT of drug-derived
radioactivity with that of the parent drug (0.5 versus 1.4 ml/
min/kg, respectively). The V value for anidulafungin was con-
siderably greater than that for radioactivity (2.2 versus 0.2
liter/kg, respectively). CSF had minimal (0.5%) radioactivity
relative to that of whole blood (Table 2).

The secondary peak observed with some tissues, predomi-
nantly for drug-derived radioactivity and to a lesser extent for
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the parent drug, may represent variability in the data, since
different animals were sampled at each time point. Further-
more, it is also possible that formation of biotransformation
products and their distribution into tissues may have caused
this effect, which is conceivable for drug-derived radioactivity
profiles. At least in the liver, the detection of a secondary peak
is consistent with the biliary route of elimination previously
reported for both unchanged anidulafungin and its biotrans-
formation products (2; M. Stogniew, F. Pu, T. Henkel, and J.
Dowell. Presented at the 13th European Congress of Clinical
Microbiology and Infectious Diseases, Glasgow, United King-
dom, 2003).

Study 2. Male pigmented Long Evans (HsdBlu:LE) rats (n �
6) aged 7.5 weeks and weighing 202 to 217 g received a single
intravenous dose of [14C]anidulafungin (5 mg/kg). Animals
were euthanized by using isoflurane and exsanguination via
cardiac puncture at 0.5, 6, 12, 24, 72, and 168 h postdose (n �
1 rat per time point). Sagittal whole-body sections (including
kidney, liver, lung, spleen, and other organs) were collected
using the method described by Ullberg (16), and autoradio-
graphic images were quantified using phosphorimaging tech-
nology as described by Johnston et al. (6). Single samples,
corrected for section thickness, were taken in multiple sections
for each tissue. Standard curves associated with individual

scans were fitted with a least-squares-regression line from
which tissue concentrations of radiocarbon were interpolated.

Table 3 provides the concentrations of drug-derived radio-
activity observed using quantitative whole-body autoradiogra-
phy of selected tissues (focusing on key organs associated with
systemic fungal infection). Radioactivity was rapidly distrib-
uted to tissues, appearing mostly by 30 min, when it reached
peak concentrations in approximately half of the organs ana-
lyzed (Table 3). High and low levels were obtained from kidney
and liver due to differential disposition of radioactivity. At 6 h,
approximately half of the analyzed tissues showed peak radio-
activity levels, including lungs, kidney, and spleen. Among
other organs, high concentrations of radiocarbon were found
in lungs, spleen, kidney (high differential), and liver at these
time points. At 12 h, radioactivity in most tissues began to
decline and had decreased to moderate or low levels at 72 h,
except in liver (high differential), where levels remained ele-
vated. Radioactivity was also detected in cerebrospinal fluid, as
well as in brain (cerebrum, cerebellum, and medulla), and
ocular tissue.

Clinical relevance. Overall, the results of our studies indi-
cate an extensive and rapid distribution of anidulafungin into

TABLE 1. Study 1: pharmacokinetic parameters of anidulafungina

Tissue Cmax (�g/g
or �g/ml)

tmax
(h)

AUC0–24
(�g � h/g or
�g � h/ml)

AUC0-�
(�g � h/g or
�g � h/ml)

t1/2
(h)

Plasma 5.25 0.083 57.73 61.64 18.5
Liver 15.86 0.083 586.44 767.22 33.9
Lung 31.11 0.083 557.77 638.21 24.4
Kidney 16.09 0.5 517.32 658.93 32.3
Spleen 24.20 0.5 490.36 567.95 25.2
Skin 4.02 0.5 102.72 124.11 28.2
Muscle

(quadriceps)
3.84 0.5 54.33 57.35 17.1

a Parameters of anidulafungin were determined following a single intravenous
bolus dose of 5 mg/kg of �14C�anidulafungin in male F344 rats. Parameters were
derived based on a composite, mean concentration-time profile with n � 3 rats
per sampling time.

TABLE 2. Study 1: pharmacokinetic parameters of total
drug-derived radioactivitya

Tissue Cmax (�g
eq/g)

tmax
(h)

AUC0–24
(�g eq � h/g)

AUC0-� (�g
eq � h/g)

t1/2
(h)

Plasma 7.57 0.083 131.77 177.87 37.4
Liver 24.28 8.0 1,346.94 2,656.38 69.2
Lung 39.29 0.083 934.92 1,341.95 42.2
Kidney 19.63 0.5 920.18 1,437.94 48.5
Spleen 30.92 0.5 822.61 1,152.68 40.3
Skin 5.40 1.0 190.73 326.92 56.6
Muscle

(quadriceps)
4.16 0.5 102.96 139.22 37.5

Blood 14.78 0.083 203.14 243.62 28.5
Cerebrospinal

fluid
0.07 0.083 0.61 0.95 53.8

a Parameters of total drug-derived radioactivity were determined following a
single intravenous bolus dose of 5 mg/kg of �14C�anidulafungin in male F344 rats.
Parameters were derived based on a composite, mean concentration-time profile
with n � 3 rats per sampling time.

FIG. 1. Molecular structure of [14C]anidulafungin, in which the position of the 14C radiolabel is indicated by an asterisk.
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those organs most commonly affected by invasive mycoses, i.e.,
lung, liver, kidney, and spleen. Exposure to the parent drug was
approximately 9- to 12-fold higher in these key organs than in
plasma. Furthermore, anidulafungin seems to persist longer in
these tissues than in plasma, an observation recently reported
by others as well (5).

MIC90s for anidulafungin range between 0.06 and 4.00
�g/ml for Candida sp. (9, 18) and between 0.03 and 0.08 �g/ml
for Aspergillus fumigatus and A. flavus (3, 11). In our study,
anidulafungin concentrations in lung, liver, kidney, and spleen
after a single 5-mg/kg dose remained above MIC90s for all
strains of Candida and Aspergillus sp. for 48 h. At 72 h post-
dose, anidulafungin levels were still above the MIC90s for As-
pergillus, as well as for the majority of Candida strains. Gumbo
et al. reported a marked reduction in kidney fungal burden in
a neutropenic mouse model with disseminated candidiasis at
24 h after treatment with a single anidulafungin dose of 5
mg/kg or higher, while sustained activity over a time period of
96 h was seen following a single dose of 8 mg/kg or higher (5).
As anidulafungin in clinical practice is administered once daily

over a period of consecutive days, rather than as a single dose,
the 24-h reduction in fungal burden is a particularly important
observation. Taken together, these data indicate that the
anidulafungin levels achieved in key tissues in our study in rats
may be adequate for antifungal activity. It should be noted,
however, that the respective proportion of anidulafungin avail-
able for microbiological activity in each tissue is not known.

Biotransformation of anidulafungin involves nonenzymatic
opening of the cyclopeptide ring structure and, presumably,
further breakdown of the ring-opened product into smaller
fragments (M. Stogniew et al.). Therefore, considering the
position of the 14C radiolabel on the anidulafungin molecule
(Fig. 1), it is possible that metabolites which retain the radio-
label contributed to some fraction of the drug-derived radio-
activity. Hence, it is important to assess the echinocandin tis-

FIG. 3. Study 1. Tissue/plasma ratio of AUC0-� of anidulafungin
(parent drug) following a single intravenous bolus dose of 5 mg/kg
[14C]anidulafungin in male F344 rats.

FIG. 4. Study 1. Mean (n � 3) concentration-versus-time profile of
drug-derived radioactivity (ng eq/g) in plasma and key tissues following
a single intravenous bolus dose of 5 mg/kg [14C]anidulafungin in male
F344 rats.

FIG. 2. Study 1. Mean (n � 3) concentration-versus-time profile
for anidulafungin (parent drug) in plasma (ng/ml) and in key tissues
(ng/g) following a single intravenous bolus dose of 5 mg/kg [14C]anidu-
lafungin in male F344 rats.

TABLE 3. Study 2: concentrations of drug-derived radioactivitya

Tissue

Concn of drug-derived radioactivity (�g eq/g) at the
indicated postdose sampling time (h)

0.5 6 12 24 72 168

Liver (high) 11.79 29.10 25.01 29.63 16.9 4.27
Liver (low) NA 17.68 15.03 14.70 7.22 1.83
Lung 22.31 22.88 5.64 8.05 4.24 0.96
Kidney (high) 18.09 20.66 14.10 12.57 7.32 2.57
Kidney (low) 9.18 8.45 7.54 4.41 1.97 0.70
Spleen 20.67 22.15 11.48 10.25 4.37 1.53
Skin 5.42 5.39 5.34 3.50 4.04 2.48
Muscle

(quadriceps)
3.45 2.53 1.39 1.17 0.43 ND

Blood 6.85 5.07 2.55 2.27 0.85 ND
Cerebrospinal

fluid
5.51 5.54 3.82 8.92 3.37 2.18

Brain
(cerebrum)

ND ND ND 0.26 0.47 0.60

Eye 1.17 1.74 1.36 2.07 0.72 0.60

a Concentrations of drug-derived radioactivity (�g eq/g) were determined in
selected tissues following a single intravenous bolus dose of 5 mg/kg of
�14C�anidulafungin administered to male Long Evans rats (n � 1 animal per
sampling time). ND, not detectable (lower limits of detection: mean, 0.3383 �
0.13 �g eq/g; range, 0.1159 to 0.5680 �g eq/g); NA, not applicable.
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sue/plasma ratio based on parent drug levels rather than on
total drug-derived radioactivity, particularly since the major
metabolites of echinocandins do not possess antifungal activity
(1, 19). Notably, data from study 1 indicate that exposure to the
parent drug (i.e., anidulafungin) in key tissues such as liver,
lung, kidney, and spleen was about 9- to 12-fold higher relative
to plasma. Similar pharmacokinetic studies carried out with
rats for other echinocandins (caspofungin and micafungin)
have yielded somewhat lower tissue/plasma ratios than those
found here for anidulafungin. Based on the caspofungin con-
centration values reported by Stone et al., AUC values were
calculated by noncompartmental analyses (14). The tissue/
plasma ratios for caspofungin based on these derived AUC
values were 10.2, 5.5, and 1.2 in the liver, kidney, and lung,
respectively. The AUCs in this study were based on drug-
derived radioactivity associated with tritiated caspofungin and
are therefore likely to be confounded by the presence of me-
tabolites that carry the radiolabel; the proportion of total ra-
dioactivity actually associated with unchanged, active caspo-
fungin may be as low as 49% (13). In contrast, a study of
micafungin tissue distribution in rats assessed parent drug lev-
els following administration of 1 mg/kg of nonradiolabeled
micafungin (10). The tissue/plasma ratios based on the AUC of
micafungin were 3.6, 3.2, and 7.8 in the lung, kidney, and liver,
respectively. It therefore appears that the tissue/plasma ratios
and, thus, the overall tissue penetration for caspofungin and
micafungin are considerably less than that observed with
anidulafungin in our investigation. This observation is consis-
tent with anidulafungin having the highest volume of distribu-
tion among the echinocandins (15). Nevertheless, in a murine
model of fungal infection, both caspofungin (8) and micafun-
gin (4) demonstrated reduction in fungal tissue burden. In
addition, none of the above studies evaluating echinocandin
tissue levels, including our own, assessed the proportion of
drug available for antifungal activity, and each study differed in
terms of design and assay methodology. Therefore, the clinical
relevance of the differences in tissue levels among the three
echinocandins, including the comparatively greater tissue pen-
etration of anidulafungin, remains unclear at the present time.

In conclusion, the results presented here indicate that anidu-
lafungin is rapidly distributed to clinically relevant tissues in
rats at concentrations significantly higher than those in plasma.

This study was sponsored by Vicuron Pharmaceuticals, a subsidiary
of Pfizer Inc. Editorial support was provided by D. Wolf, PAREXEL,
and was funded by Pfizer Inc.
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