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Influence of Sevoflurane on the Metabolism and Renal
Effects of Compound A in Rats
Evan D. Kharasch, M.D., Ph.D.,* Jesara L. Schroeder, B.S.,† Pam Sheffels, B.S.,‡ H. Denny Liggitt, D.V.M.§

Background: The sevoflurane degradation product com-
pound A is nephrotoxic in rats. In contrast, patient exposure to
compound A during sevoflurane anesthesia has no clinically
significant renal effects. The mechanism for this difference is
incompletely understood. One possibility is that the metabo-
lism and toxicity of compound A in humans is prevented by
sevoflurane. However, the effect of sevoflurane on compound A
metabolism and nephrotoxicity is unknown. Thus, the purpose
of this investigation was to determine the effect of sevoflurane
on the metabolism and renal toxicity of compound A in rats.

Methods: Male rats received 0.25 mmol/kg intraperitoneal
compound A, alone and during sevoflurane anesthesia (3%, 1.3
minimum alveolar concentration, for 3 h). Compound A metab-
olites in urine were quantified, and renal function was evalu-
ated by serum creatinine and urea nitrogen, urine volume,
osmolality, protein excretion, and renal tubular histology.

Results: Sevoflurane coadministration with compound A in-
hibited compound A defluorination while increasing relative
metabolism through pathways of sulfoxidation and �-lyase–
catalyzed metabolism, which mediate toxicity. Sevoflurane co-
administration with compound A increased some (serum cre-
atinine and urea nitrogen, and necrosis) but not other (urine
volume, osmolality, and protein excretion) indices of renal
toxicity.

Conclusions: Sevoflurane does not suppress compound A
nephrotoxicity in rats in vivo. These results do not suggest that
lack of nephrotoxicity in surgical patients exposed to com-
pound A during sevoflurane anesthesia results from an inhibi-
tory effect of sevoflurane on compound A metabolism and
toxicity. Rather, these results are consistent with differences
between rats and humans in compound A exposure and inher-
ent susceptibility to compound A nephrotoxicity.

FLUOROMETHYL-2,2-difluoro-1-(trifluoromethyl)vinyl
ether (compound A) is the major product formed in
normal clinical situations from degradation of sevoflu-
rane by carbon dioxide absorbents which contain strong
base.1,2 Compound A is nephrotoxic to rats when ad-
ministered by inhalation or intraperitoneal injection,
causing proximal tubular necrosis, increased serum cre-
atinine, diuresis, and proteinuria.3,4 In rats, compound A
undergoes a complex route of metabolism and bioacti-

vation, which mediates the nephrotoxicity (fig. 1). Com-
pound A reacts with glutathione to form glutathione
conjugates (fig. 1, 2 and 3), which undergo cleavage to
the corresponding cysteine S-conjugates (fig. 1, 4 and 5).
N-acetylation of cysteine S-conjugates forms mercaptur-
ates (fig. 1, 6 and 7), which are excreted in urine. The
cysteine S-conjugates are metabolized by rat renal �-lyase
to reactive intermediates, which are reflected by the
urine excretion of 3,3,3-trifluoro-2-(fluoromethoxy)pro-
panoic acid.8 Like many other nephrotoxic haloalkenes,
�-lyase–catalyzed metabolism of compound A cysteine
S-conjugates is thought to mediate nephrotoxicity, be-
cause inhibition of renal S-conjugate uptake, �-lyase ac-
tivity, or �-lyase–catalyzed metabolism diminished com-
pound A nephrotoxicity, whereas glutathione and
cysteine S-conjugates replicated compound A nephro-
toxicity in vivo.4–7 Compound A cysteine and mercap-
turic acid conjugates can also undergo sulfoxidation (fig.
1, 10–13). Compound A sulfoxides are also thought to
contribute to nephrotoxicity, because induction (or in-
hibition) of sulfoxidation in vivo increased (or de-
creased) compound A nephrotoxicity,8,9 and the sulfox-
ide conjugates were more toxic than other compound A
conjugates to renal proximal tubular cells in culture.10

Compound A undergoes qualitatively similar biotransfor-
mation in humans.8,11–15

Compound A formation during sevoflurane anesthesia
in surgical patients has been extensively evaluated and
found to have no clinically significant effects.16–22 Inves-
tigations have typically compared low-flow sevoflurane
with high-flow sevoflurane, low-flow isoflurane or des-
flurane, or intravenous anesthetics. In none of the pub-
lished studies using low-flow or closed-circuit sevoflu-
rane were there any differences between anesthetics in
postoperative renal function as assessed by the standard
markers of blood urea nitrogen, creatinine, and creati-
nine clearance, even in the patients with the highest
compound A exposures. In patients undergoing very
long procedures, greater proteinuria in patients receiv-
ing low-flow sevoflurane was seen in one investigation17

but not in any of the others. Proteinuria, however, is
commonly seen after anesthesia with all halogenated and
intravenous anesthetics.23 In a high-risk group of pa-
tients with preexisting renal insufficiency, a known risk
factor for postoperative renal dysfunction, there was no
difference between low-flow sevoflurane and low-flow
isoflurane on renal function.20

The reason why compound A formation during
sevoflurane anesthesia in surgical patients does not alter
renal function is incompletely understood. One potential

* Assistant Dean for Clinical Research, Professor and Research Director, De-
partment of Anesthesiology; Professor of Medicinal Chemistry (Adjunct), Univer-
sity of Washington. Current affiliation: Professor and Director, Clinical Research
Division, Department of Anesthesiology, Washington University, St. Louis, Mis-
souri. † Research Technologist, ‡ Research Scientist, Department of Anesthe-
siology, § Professor and Chairman, Department of Comparative Medicine, Uni-
versity of Washington.

Received from the University of Washington, Seattle, Washington. Submitted
for publication July 1, 2005. Accepted for publication August 24, 2005. Supported by
grant Nos. R01DK53765 and P30ES07033 from the National Institutes of Health,
Bethesda, Maryland. Dr. Kharasch has occasionally served as an ad hoc consultant to
Abbott Laboratories, Abbott Park, Illinois, which markets sevoflurane.

Address correspondence to Dr. Kharasch: Clinical Research Division, Depart-
ment of Anesthesiology, Washington University, 660 South Euclid Avenue, Cam-
pus Box 8054, St. Louis, Missouri 63110-1093. Address electronic mail to:
kharasch@wustl.edu. Individual article reprints may be purchased through the
Journal Web site, www.anesthesiology.org.

Anesthesiology, V 103, No 6, Dec 2005 1183

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/103/6/1183/496094/00000542-200512000-00012.pdf by guest on 20 M
arch 2024



explanation is simply that rats in the experimental toxi-
cology studies received comparatively greater com-
pound A doses than the doses to which humans are
exposed during surgery.15 A second potential explana-
tion is the numerous quantitative differences between
humans and rats in the bioactivation and toxicity of
compound A.8,10–12,15,24 A third potential explanation is
that rats in experimental studies have been exposed
exclusively to compound A, whereas patients are ex-
posed to sevoflurane as well as compound A, and
sevoflurane may diminish the toxicity of compound A. It
is well known that the toxicokinetics (disposition)
and/or the toxicodynamics (tissue injury and compensa-
tory protective mechanism) of haloalkyl toxins can be
modified by the coadministration of other haloalkyl com-
pounds.25,26 Thus, the intrinsic toxicity of compound A
may be similar between rats and humans, but actual
toxicity may be diminished by coadministration of
sevoflurane. Nevertheless, this hypothesis has never
been tested. Therefore, the purpose of this investigation
was to determine the effect of sevoflurane on the me-
tabolism and toxicity of compound A in rats.

Materials and Methods

Chemicals and Reagents
Fluoromethyl-2,2-difluoro-1-(trifluoromethyl)vinyl

ether (FDVE, 99.92% purity) and sevoflurane were pro-
vided by Abbott Laboratories (Abbott Park, IL). Dichlo-
roacetic acid, magtrieve, and benzophenone hydrazone
were purchased from Aldrich (Milwaukee, WI); methyl-
ene chloride and hydrochloric acid were purchased

from Fisher Scientific (Pittsburgh, PA); ethyl acetate (GC
grade) was purchased from Burdick and Jackson (Musk-
egon, MI); and anhydrous ether was purchased from J.T.
Baker (Phillipsburg, NJ). All stock drug solutions and
buffers were prepared using Milli-Q grade water (Milli-
pore, Bedford, MA).

N-acetyl-S-[1,1-difluoro-2-fluoromethoxy-2-(trifluorom-
ethyl) ethyl]-L-cysteine (N-Ac-DFEC, 6), (E, Z)-N-acetyl-S-
[1-fluoro-2-fluoromethoxy-2-(trifluoromethyl) vinyl]-L-
cysteine ((E, Z)-N-Ac-FFVC, 7), N-acetyl-S-[1,1-difluoro-2-
fluoromethoxy-2-(trifluoromethyl) ethyl]-L-cysteine sul-
foxide (N-Ac-DFEC-SO, 12), and (E, Z)-N-acetyl-S-[1-
fluoro-2-fluoromethoxy-2-(trifluoromethyl) vinyl]-L-
cysteine sulfoxide ((E, Z)-N-Ac-FFVC-SO, 13) were
synthesized as described previously,8 as was 3,3,3-
trifluoro-2-(fluoromethoxy)propanoic acid (F-propionic
acid, 8).27

Animal Treatments
All animal experiments were approved by the Univer-

sity of Washington Animal Use Committee (Seattle,
Washington) and conducted in accordance with Ameri-
can Association for Accreditation of Laboratory Animal
Care guidelines. Male Fisher 344 rats (250–300 g; Harlan,
San Diego, CA) were housed in individual metabolic
cages, provided food and water ad libitum, and main-
tained on a 12-h light–dark cycle. Twelve rats were
randomized to one of two treatment groups after base-
line blood (saphenous vein) and 24-h urine samples were
obtained. Six rats received FDVE (0.25 mmol/kg in corn
oil, 0.125 mmol/ml) via intraperitoneal injection. Six
rats were anesthetized with sevoflurane for 1 h, injected

Fig. 1. Biotransformation of compound
A (fluoromethyl-2,2-difluoro-1-(triflu-
oromethyl)vinyl ether [FDVE]). GGT/
DP � �-glutamyltransferase/dipep-ti-
dase; GSH � glutathione.
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intraperitoneally with compound A (0.25 mmol/kg), and
then exposed to 2 more hours of sevoflurane. Animals
were exposed in a 20-l inhalation chamber to 3% sevoflu-
rane (1.3 minimum alveolar concentration) in oxygen at
6 l/min, administered via a calibrated vaporizer, without
the use of any carbon dioxide absorbent, with constant
monitoring of chamber gas concentration to maintain
sevoflurane concentration at 3% and minimize any car-
bon dioxide rebreathing (Capnomac Ultima; Datex, Mad-
ison, WI). Animals rested on a warming pad, with con-
stant monitoring to maintain rectal temperature at 37°C.
Rats were returned to the metabolic cages after recovery
from anesthesia, and urine was collected on ice for 24 h.
Rats were anesthetized with pentobarbital and killed by
cardiac exsanguination. Kidneys were immediately ex-
cised, trimmed, and cut in a midtransverse plane through
cortex and medullary pyramid, and a section was fixed in
10% neutral buffered formalin. The remainder was flash
frozen in liquid nitrogen and stored at �80°C.

Sample Analyses
Plasma urea nitrogen was measured spectrophoto-

metrically using the Infinity urea nitrogen reagent
(Thermo DMA, Louisville, CO) according to the manu-
facturer’s directions. Plasma creatinine was measured
using Vitros Crea slides on a Vitros 250 chemistry system
(Ortho-Clinical Diagnostics, Rochester, NY). Urine osmo-
lality was determined using an Advanced Instrument
(Norwood, MA) model 3D3 freezing point osmometer.
Urine protein concentrations were measured spectro-
photometrically using a microprotein kit (Sigma 611-A;
Sigma-Aldrich, St. Louis, MO). Urine fluoride concentra-
tions were measured using a fluoride-specific electrode
(Thermo Electron Corp., Waltham, MA). Thawed urine
(80 �l) was added to 20 �l low-level total ionic strength
adjustment buffer (1 M NaCl in 1 M acetic acid, adjusted
to pH 5.0–5.5 with 5 M NaOH). An aliquot (40 �l) was
then placed on the inverted electrode, and a microscope
cover slip was placed on top. Fluoride concentrations in
unknowns were calculated from electrode voltage using
a standard curve prepared by analyzing calibration stan-
dards of fluoride in water (0.1–5 mM). Urine concentra-

tions of compound A-mercapturic acid conjugates, their
corresponding sulfoxides, and 3,3,3-trifluoro-2-(fluoro-
methoxy)propanoic acid in urine were determined by
high-pressure liquid chromatography–mass spectrome-
try as described previously.9

Formalin-treated kidney sections were embedded in
paraffin, and sections were stained with hematoxylin
and eosin. They were examined by a veterinary pathol-
ogist who was unaware of the animal treatments. His-
topathologic changes were recorded in regard to loca-
tion, character, and severity. The semiquantitative
severity score consisted of a range from 0 to 4 (respec-
tively normal, minimal, slight, moderate, and marked),
which reflects the degree and distribution of the tubular
necrosis.

Statistical Analysis
Data were analyzed using repeated-measures analysis

of variance with Student-Newman-Keuls comparisons, or
unpaired t test as appropriate using SigmaStat (SPSS
Science, Chicago, IL). All results are reported as the
mean � SD. Statistical significance was assigned at P �
0.05.

Results

The dose of compound A used in these experiments
(0.25 mmol/kg) was based on the threshold dose for
nephrotoxicity observed in previous experiments.4 Re-
nal effects (urine volume, protein excretion and osmolality,
serum creatinine and urea nitrogen, and necrosis; table 1)
were similar to those seen previously at this intraperitoneal
dose4,9 and at approximately 350–400 ppm-h inhaled com-
pound A.5,28

Coadministration of compound A with 3 h of sevoflu-
rane increased some but not all measures of renal toxic-
ity (table 1). The increase in serum creatinine and urea
nitrogen concentrations, and histologic evidence of
proximal tubular necrosis caused by compound A, were
greater in rats that also received 3 h of sevoflurane
anesthesia. In contrast, changes in urine volume, osmo-

Table 1. Influence of Sevoflurane on Compound A Nephrotoxicity

Compound A Compound A and Sevoflurane

Predose Postdose Predose Postdose

BUN, mg/dl 12 � 2 16 � 4 11 � 2 34 � 15*†
Serum creatinine, mg/dl 1.1 � 0.0 1.0 � 0.3 0.8 � 0.1 1.5 � 0.4*†
Urine volume, ml 5.1 � 0.9 19.8 � 4.4* 4.1 � 0.4 23.0 � 10.3*
Urine protein, mg/24 h 7.1 � 0.8 26.2 � 6.2* 6.7 � 0.5 24.2 � 9.0*
Urine osmolality, mOsm/kg 1,910 � 300 710 � 70* 1,960 � 325 520 � 110*
Necrosis (1 � low, 4 � high) [median] 2.7 � 0.8 [2.5] 3.8 � 0.4* [4.0]

Results are mean � SD.

* Significantly different from predose value (P � 0.05). † Significantly different from compound A only (P � 0.05).

BUN � blood urea nitrogen.
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lality, and protein excretion caused by compound A
were unaffected by sevoflurane coadministration.

Urinary excretion of compound A metabolites is de-
scribed in table 2 and was similar to that reported pre-
viously.9 Both major mercapturic acid conjugates
(N-Ac-DFEC and (E, Z)-N-Ac-FFVC) and the sulfoxide of
N-Ac-DFEC (N-Ac-DFEC-SO) were observed. The sulfox-
ide of (E, Z)-N-Ac-FFVC was not observed, presumably
because its greater reactivity precludes escape from the
kidney.9 Because the cysteine conjugates (DFEC and
FFVC) may undergo N-acetylation (and subsequent sul-
foxidation) or �-lyase–catalyzed metabolism (to a reac-
tive metabolite which can be excreted as F-propionic
acid), the relative flux through the �-lyase toxification
pathway can be estimated by the �-lyase index (table 2).
Because the mercapturates can be excreted unchanged
or undergo sulfoxidation, the relative flux through the
sulfoxidation toxification pathway can be estimated by
the sulfoxidation index (table 2). Both indices were
similar to those reported previously.9

Coadministration of compound A with 3 h of sevoflu-
rane variably affected different pathways of compound A
metabolism. Overall, metabolite excretion was dimin-
ished, as was that of the mercapturates and F-propionic
acid, whereas sulfoxide elimination was unchanged.
Nevertheless, the �-lyase and sulfoxidation indices, re-
flecting relative flux through the toxification pathways,
were both increased. Fluoride excretion was signifi-
cantly decreased.

Discussion

The results of this experiment show that sevoflurane
altered compound A metabolism. The decrease in urine
fluoride excretion when compound A was coadminis-

tered with sevoflurane is all the more remarkable be-
cause sevoflurane itself is metabolized to inorganic fluo-
ride. Fluoride excretion after sevoflurane anesthesia in
rats has been reported to be approximately 15–
40 �mol/24 h.29,30 The expected result, therefore, was
that urine fluoride would have increased, due to deflu-
orination of both compound A and sevoflurane. De-
creased rather than increased fluoride excretion suggests
sevoflurane inhibition of compound A defluorination in
vivo. In addition to conjugation with glutathione and
subsequent defluorination of these conjugates, com-
pound A also undergoes oxidative defluorination.31 Both
compound A and sevoflurane oxidation are catalyzed by
the same enzyme, cytochrome P4502E1 (CYP2E1), and
sevoflurane inhibits compound A defluorination in
vitro.31 Compared with compound A concentrations,
the much higher sevoflurane concentrations in vivo
likely inhibited P450-mediated compound A oxidative
defluorination, resulting in less fluoride excretion. Rea-
sons for the decreased excretion of compound A mer-
captures, yet increased �-lyase and sulfoxidation indices,
reflecting relative flux through these pathways, are not
apparent.

Sevoflurane effects on compound A metabolism are
analogous to the altered metabolism of haloalkyl toxins
by the coadministration of other halogenated com-
pounds. For example, trichloroethylene undergoes both
CYP2E1-catalyzed oxidation and conjugation with gluta-
thione and subsequent S-conjugates bioactivation, result-
ing in toxicity. Coadministration of trichloroethylene
with chloroform, which is also metabolized predomi-
nantly by CYP2E1, decreased CYP2E1-catalyzed trichlo-
roethylene metabolism.25,26

The results of this experiment show that sevoflurane
did not diminish compound A nephrotoxicity. Rather,
some (serum creatinine and urea nitrogen, and necrosis)
but not other (urine volume, osmolality, and protein
excretion) indices of renal toxicity were increased by
coadministration. This response pattern was unusual,
because urine volume, osmolality, and protein excretion
are typically much more sensitive markers of compound
A nephrotoxicity, whereas serum creatinine and urea
nitrogen are often unaffected.4–6,9 The lack of further
change in urine volume and protein excretion with
sevoflurane plus compound A was not because a maxi-
mal response had been reached with 0.25 mmol/kg com-
pound A alone, because higher compound A doses did
produce greater urine volume and protein excretion.4,5,9

The mechanism by which sevoflurane increased com-
pound A necrosis is not apparent. It is consistent with
relatively greater flux through the �-lyase and sulfoxida-
tion pathways compared with compound A alone.9 Nev-
ertheless, further mechanistic elucidation would require
additional experiments and was not the aim of the cur-
rent investigation. It is also possible that any other anes-
thetic may have also increased the renal toxicity of

Table 2. Influence of Sevoflurane on Compound A Metabolism
In Vivo

Urinary Excretion Compound A
Compound A and

Sevoflurane

N-Ac-DFEC, �mol/24 h 7.4 � 1.3 3.3 � 1.4*
(E, Z)-N-Ac-FFVC, �mol/24 h 4.3 � 0.7 2.3 � 1.4*
N-Ac-DFEC-SO, �mol/24 h 0.078 � 0.020 0.073 � 0.024
F-propionic acid, �mol/24 h 1.04 � 0.21 0.74 � 0.22*
Fluoride, �mol/24 h 49.7 � 9.9 39.5 � 11.6*
Sulfoxidation index, %† 1.1 � 0.3 2.3 � 0.6*
�-Lyase index, %‡ 8.1 � 0.8 12.5 � 2.5*

Results are mean � SD. Predose urine fluoride excretion was 0.8 � 0.0 and
0.9 � 0.0 �mol/24 h in compound A and compound A–sevoflurane animals.

* Significantly different from control (P � 0.05). † N-Ac-DFEC-SO/(N-Ac-
DFEC-SO � N-Ac-DFEC) � 100%. ‡ F-propionic acid/(F-propionic acid �
N-Ac-DFEC-SO � N-Ac-DFEC � (E, Z)-N-Ac-FFVC) � 100%.

(E, Z)-N-Ac-FFVC (7) � (E, Z)-N-acetyl-S-[1-fluoro-2-fluoromethoxy-2-(triflu-
oromethyl) vinyl]-L-cysteine; F-propionic acid (8) � 3,3,3-trifluoro-2-(fluoro-
methoxy)propanoic acid; N-Ac-DFEC (6) � N-acetyl-S-[1,1-difluoro-2-
fluoromethoxy-2-(trifluoromethyl) ethyl]-L-cysteine; N-Ac-DFEC-SO (12) �
N-acetyl-S-[1,1-difluoro-2-fluoromethoxy-2-(trifluoromethyl) ethyl]-L-cysteine
sulfoxide.
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compound A. In the current experiment, a nonsevoflu-
rane anesthetic was not used as the control, because the
hypothesis was that sevoflurane specifically, not anesthe-
sia in general, might prevent compound A toxicity.

If sevoflurane effects on compound A are similar in
humans and rats, then the lack of suppression of com-
pound A nephrotoxicity by sevoflurane in rats in vivo
does not support the notion that compound A exposure
in humans is prevented by sevoflurane coadministration.
Were the intrinsic toxicity of compound A similar in rats
and humans but actual toxicity diminished by coadmin-
istration of sevoflurane in humans, sevoflurane would
have been expected to reduce compound A toxicity in
these rat experiments. Rather, these experiments sup-
port the notion that rats and humans differ in their
susceptibility to compound A nephrotoxicity.

There are at least two potential explanations for the
difference between humans and rats in compound A
renal effects. One is simply the compound A dose to
which patients are exposed. Whereas the nephrotoxic
threshold in rats is 0.2–0.25 mmol/kg, patients are ex-
posed to much lower (at least 40-fold) doses of com-
pound A (typically 0.005 mmol/kg for a 3- to 4-h anes-
thetic).15 A second potential explanation is the well-
known interspecies differences in the metabolism of
compound A, which is thought to mediate toxicity. For
example, in rats compared with humans, there are (1)
greater rates of compound A-glutathione conjugate for-
mation in hepatic microsomes and cytosol,11 (2) greater
�-lyase–catalyzed metabolism of compound A-cysteine
conjugates in vitro in rat kidneys,12 (3) greater excretion
of N-Ac-DFEC relative to (E, Z)-N-Ac-FFVC in rats,15,24 (4)
greater excretion of 3,3,3-trifluoro-2-fluoromethoxypro-
panoic acid (reflecting �-lyase–catalyzed FDVE cysteine
conjugates metabolism) in vivo in rats,15,24 (5) greater
ratio of 3,3,3-trifluoro-2-fluoromethoxypropanoic acid
(toxification) to mercapturates (detoxication) in urine in
rats,15,24 (6) relative resistance of human proximal tubu-
lar cells to the cytotoxic effects of FDVE-cysteine-S-con-
jugates,10 and (7) greater sulfoxidation of compound A
mercapturates.8

There are some differences between the rat model
used in these experiments and clinical scenarios. Rats
received compound A by intraperitoneal injection,
rather than by inhalation, to better control the dose.
However, compound A nephrotoxicity is similar
whether it is administered by inhalation or intraperito-
neal injection.4,5 In humans, the amount of sevoflurane
to which patients are exposed is several orders of mag-
nitude greater than that of compound A.15 In these
experiments, the compound A dose had to be high
enough to elicit a reproducible effect (0.25 mmol/kg),
which resulted in a dose much higher than equivalent
exposures in humans (approximately 0.005 mmol/kg);15

hence, the relative sevoflurane:compound A exposure

was less than in clinical scenarios. It is unknown
whether this affected the results.

In summary, in rats, coadministration of compound A
together with sevoflurane, compared with compound A
alone, increased compound A metabolism via pathways
that mediate toxicity, and increased some but not all
indices of nephrotoxicity. These results do not suggest
that lack of nephrotoxicity in surgical patients exposed
to compound A during sevoflurane anesthesia results
from an inhibitory effect of sevoflurane on compound A
metabolism and toxicity. Rather, these results are con-
sistent with differences between rats and humans in
compound A exposure and inherent susceptibility to
compound A nephrotoxicity.

The authors thank Dale Whittington, B.S. (Research Scientist, Department of
Anesthesiology, University of Washington, Seattle, Washington), for technical
assistance in the urine analysis.
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