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Background Fluoride, a main metabolite, and one degradation product of sevoflurane
(SEV), called Compound A, are known to cause kidney effects in experimental animals.
Other than in volunteers and patients, no research is available on exposed workers. The
possible effects on the kidney in workers exposed in surgical areas were studied.
Methods Subjects exposed to SEV and nitrous oxide (N,O) in surgical areas (N=061)
using open (N=25) or semi-closed (N=236) circuits were submitted to biological
monitoring. The same biological indices were determined in 43 controls also. Sevoflurane
(SEVU), nitrous oxide (N,OU), total urinary proteins (TUP), N-acetyl-f-p-glucosamini-
dase (NAGU), and glutamine synthetase (GSU) were measured in urine.

Results The mean values of environmental exposure were 31.3 ppm (range 0.9—
111.6 ppm) for N,O and 0.28 ppm (range 0—1.88 ppm) for SEV. Exposed subjects had
significantly higher excretion of TUP; a higher, not significant, excretion of GSU was also
observed in subjects using open circuits. A significant correlation was found in all exposed
subjects between NAGU and SEVU (r=0.303, P <0.05), GSU and N,OU (r=0.382,
P <0.01) and, especially, GSU and SEVU (r=0.650, P <0.001). These correlations
appeared to be influenced by the use of open circuits; infact, NAGU was well correlated to
N,OU (r=0.770, P <0.001) and SEVU (r=0.863, P < 0.001); GSU to N,OU (r = 0.468,
P <0.05) and SEVU (r=0.735, P < 0.001).

Conclusions Results show that no relevant effect on the kidney is present for the levels of
exposure studied. Nevertheless, correlation between dose and response urinary indices
supports that SEV, other than N,O, may influence kidney function, especially when open
circuits are used. Am. J. Ind. Med. 44:474—-480, 2003. © 2003 Wiley-Liss, Inc.
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faster reduction of alveolar concentrations during the
elimination phase. The anesthetic is metabolized in the liver
by means of cytochrome P-450 2E1 to form equimolar
concentrations of hexafluoroisopropanol (HFIP) and fluoride
(F) ions; the metabolite HFIP is stable, and is rapidly
conjugated with glucuronic acid and excreted in the urine
[Kharasch et al., 1995]. Several studies have evaluated the
possible interference of SEV with the organism: effects on
central nervous system with electroencephalographic altera-
tions [Kameyama, 1994], on reproductive function with
spontaneous abortion [Pihlainen and Ojanpera, 1998], or the
possibility of inducing malignant hyperthermia [Patel and
Goa, 1996] are described. Much interest has been aroused as
regards renal effects. There are two possible causes of renal
damage: F~ ion formation [Higuchi et al., 1995] and, during
anesthesia in semi-closed circuit, the formation of fluor-
omethyl 2,2-difluoro-1-(trifluoromethyl)vinyl ether called
Compound A [Iyer and Anders, 1997].

Compound A derives from degradation of SEV in the
presence of a soda-lime medium used to absorb carbon
dioxide in semi-closed circuit; a second product (Compound
B) also forms [Morio et al., 1992]. The formation of
Compound A is only possible in patients during anesthesia,
and does not seem to be a problem for personnel in surgical
areas.

Generally, studies conducted in patients do not demon-
strate significant renal effects either by F or Compound A.
However, Compound A is well known to induce nephrotoxi-
city in experimental animals at the level of the proximal
tubule [Jin et al., 1995; Iyer et al., 1997].

At this moment, no study is available on the renal effects
caused by SEV in exposed subjects working in surgical areas.
In the present research, the possible effects on the kidney
were studied in personnel of various surgical areas usually
exposed to SEV and nitrous oxide (N,0O) during anesthesia.

Urinary biochemical parameters of renal effects were
measured and SEV and N,O in urine were determined.
SEV was used in both open and semi-closed circuits; the
differences between these two types of SEV use were also
considered.
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MATERIALS AND METHODS

Sixty-one subjects employed in 12 operating areas as
surgeons, assistant surgeons, anesthetists, and nurses were
monitored in order to evaluate personal exposure to anes-
thetic gases. The investigation involved orthopedics, urology,
gynecology, otorinolaryngology, and vascular and general
surgery. Subjects were exposed to N,O and SEV with open
(high gas flow, about 6—7 I/min; N =25) or semi-closed
circuit (about 2 I/min, with addition of anesthetic gas when
blood concentration decreases below the operative condi-
tions; N = 36).

Forty-three subjects employed in hospital areas but not
exposed to anesthetic gases, paired for age, sex, socio-
economic habit and status, and body mass index (BMI) were
used as a control group. The characteristics of all subjects
(exposed and controls) are listed in Table I.

Exposed subjects were monitored throughout the
surgical session by means of Radiello® [Cocheo et al.,
1996] passive samplers; the samplers were then eluted in a
water/methanol (60/40, v/v) mixture, and the anesthetics
were determined by chromatographic methods and mass
spectrometry (analytical conditions were for SEV: ion mass
monitored =31, 69, 131, and 181; dwell time=0.2 s;
multiplier =300 V; for N,O: ion mass monitored =44;
dwell time = 0.2 s; multiplier =300 V)

Spot urine samples were obtained at the end of operating
sessions to assay N,O (N,OU) by means of head-space gas-
chromatographic analysis with an ECD detector (autosystem
XL) and SEV (SEVU) by means of gas-chromatography
and mass-spectrometry. Analytical conditions of mass-
spectrometry were: ion mass monitored =31, 69, 131,
and 181; dwell time =0.2 s; multiplier =400 V. In addi-
tion, total urinary proteins (TUP) according to Pesce and
Strande [1973], N-acetyl-B-p-glucosaminidase (NAGU,
E.C. 3.2.1.29) according to Lockwood and Bosmann
[1979], using 4-nitrophenyl-N-acetyl-B-p-glucosaminide
(Fluka, Buchs, Switzerland) as substrate, and glutamine
synthetase (GSU, E.C. 6.3.1.2) according to Trevisan et al.
[1999], using L-glutamic acid (Sigma Chemical Co, St.

TABLEl. Differences in Sex, Age, and BMI of Surgeons, Assistant Surgeons, Anesthetists, and Nurses Exposed to

Sevoflurane and Control Subjects*

Exposed Controls
Total Males Females Total Males Females
Number 61 31 30 43 21 22
Age 393487 428 +85 35774 396 +10.8 457 100 33.8 +81
BMI 233432 245423 221 +36 22.7 +31 245424 209 +26

*Results are presented as means =+ standard deviations.
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Louis, MO) as substrate were also determined. All urinary
values were referred to millimoles of creatinine, determined
with a commercial kit (Boehringer, Mannheim, Germany).

Apparatus

Instruments for anesthetic analysis were from Perkin-
Elmer (Norwalk, CT, USA); proteins, enzymes, and creat-
inine in urine were measured on a Perkin-Elmer lambda 5
model UV-visible spectrophotometer.

Statistical evaluation of results was performed by var-
iance analysis and correlation coefficient r.

RESULTS

The mean values of environmental pollution in all
operating areas were 31.3 ppm (range 0.87—111.61 ppm) for
N,O and 0.28 ppm (range 0—1.88 ppm) for SEV. If an open
circuit was used, mean values for N,O were 34.9 ppm (range
0.87-99.45 ppm) and for SEV 0.41 ppm (range 0.02—
1.88 ppm); on the contrary, semi-closed-circuit users showed
amean exposure level of 28.3 ppm (range 0.88—111.61 ppm)
for N,O, and 0.18 ppm (range 0—1.4 ppm) for SEV. These
values exceeded the National Institute of Occupational
Safety and Health [NIOSH, 1977] recommended limits for
N,O (25 ppm), and were below the limit of 0.5 ppm for
fluorinated anesthetics in the presence of N,O. Nevertheless,
the mean value of N>O is below the ACGIH [2002] TLVs
(50 ppm) and the Italian limit established by a circular from
Italian Ministry of Health (50 ppm). There are no environ-
mental limits for SEV.

Table II lists the mean values of urinary indices of dose
and effect. The exposed group showed a slight but significant
increase in TUP with respect to controls, although all the
values were in the normal range. Exposed subjects using

semi-closed circuits during operating sessions showed signi-
ficant lower excretion of SEVU than in open circuit; N,OU
excretion also appeared to be lower, but without reaching
significance. Subjects using open circuit also showed higher
but not significant excretion of GSU than semi-closed circuit
users and controls.

More interesting were the correlations among dose-
response indices. In all exposed subjects (Fig. 1), low but
significant correlations were observed between NAGU and
SEVU (r=0.303, P <0.05), GSU and N,OU (r=0.382,
P <0.01), and, especially, GSU and SEVU (r=0.650,
P <0.001). These correlations were influenced by open
circuit use, where the exposure to N,O and, particularly, to
SEV was higher than semi-closed circuit. In fact (Fig. 2),
in subjects using open circuit, NAGU was well correlated
with N,OU (r=0.770, P <0.001) and SEVU (r=0.863,
P <0.001), GSU to N,OU (r=0.468, P < 0.05), and SEVU
(r=0.735, P<0.001). No significant correlation was ob-
served among urinary indices in semi-closed circuit users. In
contrast with significant differences in TUP excretion, no
correlation was found between this index of effect and
indices of dose.

Lastly, no significant correlation between age, length of
exposure, or urinary indices of effects was found.

DISCUSSION

The present research aimed to study possible renal
effects in subjects exposed to SEV during surgical opera-
tions. Personnel were exposed to quite low concentrations of
N,O (average 31.3 ppm); in fact they are below the ACGIH
[2002] TLVs, even if they exceeded the, in our opinion
overprotective, [NIOSH, 1977] limit of 25 ppm. In our study,
the mean values of SEVare 0.28 ppm, below the NIOSH limit
of 0.5 ppm for fluorinated anesthetics in the presence of N,O.
Nevertheless, this limit was fixed many years ago for

TABLE II. Urinary Values of Controls and Workers Exposed to Sevoflurane (Subdivided Into Open or Semi-Closed

Circuits)*
Exposed workers

Controls Total Open Semi-closed
Number 43 61 25 36
N,0U g nd. 3521410 421 +492 304 +342
SEWU g nd. 0.23 +0.62 042 +091° 010 £019
TUP mg 36+29 6.8 +70° 6.8 +4.3° 69 +85°
NAGU pmol 040+ 0.15 0.30+0.19 024 + 014 0.34+0.20
GSU pmol 0.75 4045 0.80 +0.69 092 4095 072 +044

*Results are presented as means + standard deviations. Values refer to millimoles of creatinine.

n.d., not detectable.
2P < 0.05 or more with respect to controls.
®p < 0,05 or more between open and semi-closed circuits.
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FIGURE 1. Correlations among urinary indices of dose and effect in all exposed subjects; (a) correlation between SEVU and

NAGU, (b) between SEVUand GSU,and (¢) between N,OUand GSU.

different gases than SEV, such as halothane and enflurane
[Berry, 1999].

Several experimental and clinical studies have been
performed to define the renal effects of SEV, but only a few,
older studies describe some renal effects induced by N,O. In
short, N,O reduces the antidiuretic effects caused by
morphine [Bidwai et al., 1975] or fentanyl [Bidwai et al.,
1976] and the natrium/potassium ratio in urine, creatinine
clearance and urinary flow, and increases urinary osmolality
[Nuutinen, 1976]. Instead, the extensive literature on
possible nephrotoxicity caused by SEV prevalently discusses
effects on animals, volunteers or patients of the degradation
product of the anesthetic (Compound A) after soda-lime
crossing. Numerous experimental researches demonstrate
selective necrosis of the proximal tubule [Nuutinen, 1976; Jin
etal., 1995, 1996; Kandel et al., 1995; Kharasch et al., 1997,
1998]. Effects appeared to be related to cysteine-conjugate
B-lyase-dependent bioactivation [Iyer and Anders, 1997].
Kharasch et al. [2001] recently reported that low-flow SEV is
safe in patients, even with long exposures. These results
agree with those of other authors [Bito and Ikeda, 1994;
Conzen et al., 1995; DeSouza and Gold, 1997; Getz and
Malan, 2001].

Conversely, conflicting conclusions are reported in
studies performed on patients and volunteers: transient
injury to glomeruli (with albuminuria), and in proximal
(with glycosuria and increase in o-glutathione-S-transferase
in urine) and distal tubules (with increase of m-glutathione-S-
transferase in urine) was observed [Eger et al., 1997a]; these
effects appeared to increase with duration of exposure [Eger
et al., 1997b]. Patients treated with low-flow SEV showed

urinary increases in TUP, NAG, and f,-microglobulin
[Higuchi et al., 1995], whereas probenecid prevented these
effects. Higuchi et al. [1995] also observed a reduction in the
maximum capability to concentrate urine and an increase in
urinary NAG; these data were later supported [Higuchi et al.,
1998].

Surprisingly, no studies are available on the renal effects
caused by SEV in subjects working in surgical areas.

SEV is metabolized by liver cytochrome P-450 2El
to form equimolar concentrations of HFIP and F~ ions
[Kharasch et al., 1995]. It is known that fluoride causes renal
toxicity in experimental models, inducing dose-dependent
cytotoxicity in cultured human proximal tubular cells [Zager
and Iwata, 1997] and serious disorders in the pars recta of the
proximal tubule with increased urinary excretion of o-
glutathione-S-transferase [Usuda et al., 1998].

The results presented here show that not only SEV but
also N,O negatively influences the urinary indices of
effects. In our laboratory, a test battery to study the effects
of xenobiotics on the kidney is generally used. NAG, a
lysosomal enzyme prevalently distributed along the pars
convoluta but also present in the pars rectainrat [Le Hiretal.,
1979] and rabbit [Bourbouze et al., 1984], but prevalently
in the pars recta in humans [Schmid et al., 1986], is largely
used to detect damage of the proximal tubule caused by
xenobiotics such as solvents [Brogren et al., 1986], metals
[Meyer et al., 1984; Chiaetal., 1994; Usuda et al., 1998], and
silica [Ng et al., 1992]. In addition, the detection in urine of
GS, a mitochondrial enzyme exclusively located in the early
and late portions of the S3 segment [Burch et al., 1978], was
recently suggested as a marker of S; segment-specific



478 Trevisan et al.

a -
N= 25
y=0.173x + (.184
r= 0.863. p<0.01

5 075 -

5

5

£

E

3 05

£

=,

o]

g

Z 025

SEVU pg/mmol creat

C

N=25
y=0.023x +0.147
= 0.770, p<0.01

0.75

NAGU pmol/mmol creat

Ol T T T T 1
0 S 10 15 20 25

N,OU pg/mmol creat

b 6q
N=25
¥= 0.763x +0.599
5 4 = 0,735, p<0.00] °
s
¥
[
is)
E
£
B
g
3
)
78]
&}

SEVU pg/mmol creat

d

N=25
¥=0.090x + 0.543
5 | =0.468, p<0.05

GSU pmol/mmol creat

0 5 10 15 20 25
N,OU pg/mmol creat
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damage in rats treated with hexachloro-1:3-butadiene
[Trevisan et al., 1999]. Lastly, TUP values are determined
as general and not specific indices of kidney involvement.
In our study, even if all the values were in the normal
range, a slight but significant difference between exposed and
control group was observed only for TUP excretion. Study of
the correlations in surgical area personnel between dose and
effect urinary indices shows that GSU and NAGU are good
indices of renal effect in subjects exposed to SEV. The
evidence that only subjects using open circuits present these
effects supports the role of SEV and its metabolite fluoride in
kidney involvement, excluding effects caused by Compound
A. Interestingly, N,O also affects urinary indices in open but
not in semi-closed circuit users. In addition, SEV appears to

produce the prevalent effects on the pars recta of the proximal
tubule, according to the evidence that GS is an enzyme
exclusively located in the S; segment [Burch et al., 1978],
effects mediated by F that are known to cause damage in this
tubular segment [Usuda et al., 1998]. This fact is also
supported by the significant correlation with NAG, an
enzyme distributed along the proximal tubule, but in humans
prevalently in the S; segment [Schmid et al., 1986].

In conclusion, results show that no relevant effect on the
kidney is present for subjects exposed to concentrations of
anesthetic gases below limit values such as 50 ppm adopted
by ACGIH for N,O and 0.5 ppm suggested by NIOSH for
fluorinated anesthetics in presence of N,O. Nevertheless, the
significant correlation between dose and response urinary



indices supports that SEV may influence the kidney function
of personnel exposed to SEV when open circuits are used
for anesthesia induction and maintenance. In addition, co-
exposure with N,O may play a role in the expression of these
effects. Lastly, the use of low flow anesthesia suggests the
possibility to prevent slight kidney effects. These are preli-
minary data and the suggestions of correlation with kidney
effect needs further study.

REFERENCES

American Conference of Governmental Industrial Hygienists (ACGIH).
2002. TLVs™ and BEIs"™ based on the Documentation of the Threshold
Limit Values for the Chemical Substances and Physical Agents &
Biological Exposure Indices. Cincinnati.

Berry AJ. 1999. Recommended exposure limits for desflurane and
isoflurane. Anesth Analg 88:1424—1425.

Bidwai AV, Stanley TH, Bloomer HA, Blatnick RA. 1975. Effects of
anaesthetic doses of morphine on renal function in the dog. Anesth
Analg 54:357-360.

Bidwai AV, Liu WS, Stanley TH, Bidwai V, Loeser EA, Shaw CL. 1976.
The effects of large doses of fentanyl and fentanyl with nitrous oxide on
renal function in the dog. Can Anaesth Soc J 23:296-302.

Bito H, Ikeda K. 1994. Closed-circuit anesthesia with sevoflurane in
humans. Anesthesiology 80:71-76.

Bourbouze R, Baumann F-C, Bouvalet J-P, Forman N. 1984.
Distribution of N-acetyl-B-D-glucosaminidase isoenzymes along the
rabbit nephron. Kidney Int 25:636-642.

Brogren CH, Molin Christensen J, Rasmussen K. 1986. Occupational
exposure to chlorinated organic solvents and its effect on the renal
excretion of N-acetyl-beta-p-glucosaminidase. Arch Toxicol Suppl
9:460—-4064.

Burch HB, Choi S, McCarthy WZ, Wong PY, Lowry OH. 1978. The
location of glutamine synthetase within the rat and rabbit nephron.
Biochem Biophys Res Comms 82:498-505.

Chia KS, Mutti A, Tan C, Ong HY, Jeyaratnam J, Ong CN, Lee E. 1994.
Urinary N-acetyl-B-p-glucosaminidase activity in workers exposed to
inorganic lead. Occup Environ Med 51:125-129.

Cocheo V, Boaretto C, Sacco P. 1996. High uptake rate radial diffusive
sampler suitable for both solvent and thermal desorption. Am Ind Hyg
Assoc J 57:897-904.

Conzen PF, Nuscheler M, Melotte A, Verhaegen M, Leupolt T,
Van Aken H, Peter K. 1995. Renal function and serum fluoride
concentrations in patients with stable renal insufficiency after anesthesia
with sevoflurane or enflurane. Anesth Analg 81:569-575.

DeSouza GJA, Gold MI. 1997. There is no evidence of sevoflurane
nephrotoxicity. Anesth Analg 84:700.

Eger EI 11, Koblin DD, Bowland T, Ionescu P, Laster MJ, Fang Z, Gong
D, Sonner J, Weiskopf RB. 1997a. Nephrotoxicity of sevoflurane versus
desflurane anesthesia in volunteers. Anesth Analg 84:160—168.

Eger EI II, Gong D, Koblin DD, Bowland T, Ionescu P, Laster MJ,
Weiskopf RB. 1997b. Dose-related biochemical markers of renal injury
after sevoflurane versus desflurane anesthesia in volunteers. Anesth
Analg 85:1154—1163.

Getz BA, Malan TP, Jr. 2001. Renal toxicity with sevoflurane: A storm in
a teacup? Drugs 61:2155-2162.

Higuchi H, Sumikura H, Sumita S, Arimura S, Takamatsu F, Kanno M,
Satoh T. 1995. Renal function in patients with high serum fluoride

Sevoflurane Anesthesia and the Kidney 479

concentrations after prolonged sevoflurane anesthesia. Anesthesiology
83:449-458.

Higuchi H, Sumita S, Wada H, Ura T, Ikemoto T, Nakai T, Kanno M,
Satoh T. 1998. Effects of sevoflurane and isoflurane on renal function
and on possible markers of nephrotoxicity. Anesthesiology 89:307—
322.

Iyer RA, Anders MW. 1997. Cysteine conjugate [-lyase-dependent
biotransformation of the cysteine S-conjugates of the sevo-
flurane degradation product 2-(fluoromethoxy)-1,1,3,3,3-pentafluoro-
1-propene (Compound A). Chem Res Toxicol 10:811-819.

Iyer RA, Baggs RB, Anders MW. 1997. Nephrotoxicity of the
glutathione and cysteine S-conjugates of the sevoflurane degradation
product 2-(fluromethoxy)-1,1,3,3,3-pentafluoro- 1-propene (Compound
A) in male Fischer 344 rats. ] Pharmacol Exper Ther 283:1544—1551.

Jin L, Baillie TA, Davis MR, Kharasch ED. 1995. Nephrotoxicity of
sevoflurane compound A  (fluoromethyl-2,2-difluoro-1-(trifluoro-
methyl)vinyl ether) in rats: Evidence for glutathione and cysteine
conjugate formation and the role of renal cysteine conjugate -lyase.
Biochem Biophys Res Comms 210:498-506.

Jin L, Davis MR, Kharasch ED, Doss GA, Baillie TA. 1996.
Identification in rat bile of glutathione conjugates of fluoromethyl 2,2-
difluoro-1-(trifluoromethyl)vinyl ether, a nephrotoxic degradate of the
anesthetic agent sevoflurane. Chem Res Toxicol 9:555-561.

Kameyama Y. 1994. Effect of isoflurane and sevoflurane on evoked
potential and EEG. Jpn J Anesth 43:657-664.

Kandel L, Laster MJ, Eger EI II, Kerschmann RL, Martin J. 1995.
Nephrotoxicity in rats undergoing a one-hour exposure to compound A.
Anesth Analg 81:559-563.

Kharasch ED, Karol MD, Lanni C, Sawchuk R. 1995. Clinical
sevoflurane metabolism and disposition. I. Sevoflurane and metabolite
pharmacokinetics. Anesthesiology 82:1369—1378.

Kharasch ED, Thorning D, Garton K, Hankins DC, Kilty CG. 1997.
Role of renal cysteine conjugate B-lyase in the mechanism of compound
A nephrotoxicity in rats. Anesthesiology 86:160—167.

Kharasch ED, Hoffman GM, Thorning D, Hankins DC, Kilty CG. 1998.
Role of the renal cysteine conjugate B-lyase pathway in inhaled
compound A nephrotoxicity in rats. Anesthesiology 88:1624-1633.

Kharasch ED, Frink EJ, Jr., Artru A, Michalowski P, Rooke GA, Nogami
W. 2001. Long-duration low-flow sevoflurane and isoflurane effects on
postoperative renal and hepatic function. Anesth Analg 93:1511-1520.

Le Hir M, Dubach UC, Schmidt U. 1979. Quantitative distribution
of lysosomal hydrolases in the rat nephron. Histochemistry 63:245—
251.

Lockwood TD, Bosmann HB. 1979. The use of urinary N-acetyl-f-p-
glucosaminidase in human renal toxicology. I. Partial biochemical
characterization and excretion in humans and release from the isolated
perfused rat kidney. Toxicol Appl Pharmacol 49:323-336.

Meyer BR, Fischbein A, Rosenman K, Lerman Y, Drayer DE,
Reidenberg MM. 1984. Increased urinary enzyme excretion in workers
exposed to nephrotoxic chemicals. Am J Med 76:989—-998.

Morio M, Fujii K, Satoh N, Imai M, Kawakami U, Mizuno T, Kawai Y,
Ogasawara Y, Tamura T, Negishi A, Kumagai Y, Kawai T. 1992.
Reaction of sevoflurane and its degradation products with soda lime.
Anesthesiology 77:1155-1164.

National Institute for Occupational Safety and Health (NIOSH). 1977.
Criteria for a recommended standard. Occupational exposure to waste
anesthetic gases and vapors. Publ n 77-140, U.S.D.H.E.W., Cincinnati.

Ng TP, Ng YL, Lee HS, Chia KS, Ong HY. 1992. A study of silica
nephrotoxicity in exposed silicotic and non-silicotic workers. Br J Ind
Med 49:35-37.



480 Trevisan et al.

Nuutinen LS. 1976. The effect of nitrous oxide on renal function in
open heart surgery. Ann Chir Gynaecol 65:200—-206.

Patel SS, Goa KL. 1996. Sevoflurane. A review of its pharmacodynamic
and pharmacokinetic properties and its clinical use in general anes-
thesia. Drugs 51:658—-700.

Pesce MA, Strande CS. 1973. A new micromethod for determination of
protein in cerebrospinal fluid and urine. Clin Chem 19:1265-1267.

Pihlainen K, Ojanpera 1. 1998. Analytical toxicology of fluorinated
inhalation anesthetics. Forensic Sci Int 97:117-133.

Schmid H, Mall A, Bockborn H. 1986. Catalytic activities of alkaline
phosphatase and N-acetyl-B-p-glucosaminidase in human cortical

nephron segments: Heterogeneous changes in acute renal failure and
acute rejection following kidney allotransplantation. J Clin Chem Clin
Biochem 24:961-970.

Trevisan A, Cristofori P, Fanelli G. 1999. Glutamine synthetase activ-
ity in rat urine as sensitive marker to detect S; segment-specific injury
of proximal tubule induced by xenobiotics. Arch Toxicol 73:255—
262.

Usuda K, Kono K, Dote T, Nishiura K, Miyata K, Nishiura H, Shimahara
M, Sugimoto K. 1998. Urinary biomarkers monitoring for experimental
fluoride nephrotoxicity. Arch Toxicol 72:104—109.

Zager RA, Iwata M. 1997. Inorganic fluoride. Divergent effects on
human proximal tubular cell viability. Am J Pathol 150:735-745.



