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Abstract

Kinetic characteristics and toxic effects of benzalkonium chloride (BZK) following injection via jugular vein (JV), femoral artery (FA) and
oral administration (PO) were experimentally investigated using rats. The BZK concentrations in blood and tissues (lung, liver and kidney)
were determined by high-performance liquid chromatography with solid phase extraction. Toxic doses of 15 and 250 mg/kg of BZK were used
for intravascular (JV and FA) and PO administration, respectively. The fatal effects appeared soon after the dose in JV-rats, while delayed in
FA- or PO-rats. The blood BZK concentrations and the elimination half-lives were similar between JV- and FA-rats, while the distribution of
BZK in tissues was slightly different. In PO administration, the rats that aspirated BZK into their lungs had some symptoms, while the rats that
did not aspirate BZK appeared to be normal. The BZK concentrations in blood and tissues were significantly higher in the aspirated PO-rats.
The toxic degree of BZK was correlated with the BZK concentration in orally dosed rats. Lung and kidney had higher BZK concentrations
compared to blood or liver, and they could be the target organs of BZK.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction [4] and have to be diluted for use. Some products sold for
hospital use contain as much as 50% of BB and even
A cationic surfactant, benzalkonium chloride (BZK) 80% in some countrig$]. Because of its easy accessibility,
is a mixture of alkylbenzyldimethylammonium chlorides accidental or intentional ingestion have occurred relatively
[CsHsCH2N(CH3)2RCI] in which the alkyl groups have a  often, which results in serious poisoning symptofs9]
chain length from @to Cyg [1], with C12 and G4 predom- and sometimes results in degtl9—13]
inating in pharmaceutical producf,3]. BZK has various Quantification of drug concentrations in patient’s biolog-
uses, i.e. preoperative topical disinfection, sterilization of sur- ical samples is generally considered useful to determine the
gical instruments and gloves, antisepsis of contact lenses, andlegree of acute toxicity, especially for the drug that is poorly
pharmaceutical preservation. BZK is widely used in hospi- metabolized such as BZK 4]. However, no data regarding
tals, homes and other places as a disinfectant. These productsystematic kinetics and distribution of BZK are available by
are sold in solution and look identical to water. Most over- pharmaceutical companies since BZK was not developed as a
the-counter drugs available in Japan contain about 10% BZK medicine to be administered. One of the other reasons for the
limited analytic data of BZK is the difficulty of BZK to be an-
* Corresponding author. Tel.: +81 853 20 2159; fax: +81 853 20 2155, alyzed in biological materials. There have been various meth-
E-mail addressyhieda@med.shimane-u.ac.jp (Y. Hieda). ods reported to determine BZK, i.e. extraction by complexed

1570-0232/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.jchromb.2004.03.075



54

BZK with dyes[15], titration of quaternary ammonium com-
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water, and homogenized with a sonicator (Waken GE 100

pounds[3], pyrolysis and subsequent gas chromatography Ultrasonic Processor, Japan). The homogenate spiked with

[16], direct inlet mass spectrometf%7] and various high-

IS (50ul) was centrifuged at 18,000 rpm for 60 min at@,

performance liquid chromatography (HPLC) techniques for and then the supernatant was applied to a disposable solid

non-biological aqueous solutigh8] or pharmaceutical for-
mulationg19-21] Blood or tissue BZK concentrations have
beenrarely measur¢tll,22,23] Even if the blood BZK con-

phase extraction column, BAKERBOND spe Octadecyd C
(3ml, 500 mq) (J.T. Baker, Phillipsburg, NJ, USA). The col-
umn was pre-conditioned with methanol (6 ml), followed by

centrations in patients or victims are measured in cases ofHPLC grade water (6 ml). Column was rinsed sequentially
poisoning, the quantified values are hard to interpret without with water (3x 3 ml), methanol (3x 3 ml) and ethyl acetate

reference data.

(3 x 3ml). After flushing with air for 5min, BZK and IS

We have recently developed a sensitive method to deter-were eluted with 4 ml of methanol-ethyl acetate (1:1) con-
mine BZK concentrations in blood and tissue samples, in taining 0.01% ammonium chloride. The eluate was evap-

which we selected the dominant component &s an indi-

orated to dryness under a stream of nitrogen. The residue

cator to quantify BZK, and then adjusted the concentration was reconstituted with ethyl acetate (1 ml) and 2% sodium

based on the proportion of1€in the BZK product[23].

carbonate (1 ml) containing 0.1% bromophenol bluey(§0

The purpose of this study was to investigate the kinetics andto eliminate ammonium chloride. The organic phase was

toxicity of BZK in rats treated with a single toxic dose of
intravascular injection via jugular vein (JV) or femoral artery
(FA), and by oral administration (PO) utilizing our recently
developed HPLC method utilizing solid phase extraction.

2. Experimental
2.1. Materials

Standard BZK was purchased from Sigma (St. Louis, MO,
USA), which is the mixture of 60-70% ofg homologue
(C12), 30—40% of G4 homologue (&4) and <5% of Gg ho-
mologue (Gg) (data from Sigma). & was purchased from
Sigma. Osvafi, one of the most common disinfectants in

dried and the residue was dissolved in 2/3 diluted mobile
phase (15@l). This dilution-ratio was obtained in prelim-
inary study to achieve the highest solubility of the residue,
otherwise the thick residue was not completely dissolved in
either 100% of mobile phase or water. The 10Qvas in-
jected into the HPLC.

2.4. Animal experiments

The experimental protocols were approved by the Ani-
mal Experimental Committee at Shimane University. Male
Sprague—Dawley rats (Charles River Breeding Labs, Yoko-
hama, Japan) (B.W. 310-470gm) were used in this study
and randomly assigned to receive BZK via PO, JV or FA.

Japan, which contains 10% of BZK was purchased from Ni- Rats were under anesthesia throughout the experimental
hon Seiyaku Ltd. (Tokyo, Japan), which consists of 80-85% procedures. A mix of droperidol 1.25 mg/ml and fentanyl

of C12 and more than 98% of total of ¢ and G4 (data

0.025mg/ml was used as anesthetic. A dose of 2ml/kg

from Nihon Seiyaku). Domiphen bromide used as an inter- (droperidol 2.5 mg/kg and fentanyl 0.05 mg/kg) was initially

nal standard (IS) was purchased from Aldrich (Milwaukee,
WI, USA). The reagents for mobile phase were of HPLC

grade and all other reagents were of analytical grade. BZK

and IS solution were prepared at 0.1-45.0 and gi@nl
dissolved in HPLC grade water, respectively.

2.2. HPLC conditions

The HPLC apparatus consisted of SCL-10 system

equipped with a controller, a pump, and an auto injec-
tor (Shimadzu, Kyoto, Japan), a UV detector 2487 (Wa-
ters, Milford, MA, USA) and an integrator D-7500 (Hi-

tachi, Tokyo, Japan). Chromatography was performed using

areversed-phase column YMC-Pack CN (250 mmh.6 mm
i.d., 5um) (Waters) eluted in isocratic mode with a mixture
of acetonitrile—sodium acetate buffer (0.1 M, pH 5.0) (48:52,
v/v) at a flow-rate of 1 ml/min. The UV signal was monitored
at 254 nm.

2.3. Extraction procedure for biological samples

Whole blood or serum (0.1-2.8 ml), or tissue sample

administered intramuscularly and was given at 0.3—0.6 ml/kg
thereafter as needed.

2.4.1. Infusion via jugular vein (JV)

A total of 15 rats were used in this study, in which six
and nine of them were to determine the elimination kinet-
ics and distribution of BZK, respectively. The rats for the
kinetic study were implanted with two catheters for a dose
(right JV) and blood sampling (left femoral vein), and the
rats for the distribution study were implanted with a single
catheter for a dose (right JV). A dose of 15 mg/kg-BZK [=
1.5 ml/kg of 10-fold diluted Osvéh (10 mg/ml of BZK so-
lution)] was infused over 1 min via JV, and the catheter was
removed after the dose. This dose (15 mg/kg) was based on
the LDsg (14 mg/kg i.v. in rats) reported by Kamiya4].

In the kinetic study, the blood samples of 0.1, 0.3, 0.5, 0.5,
0.8, 1.0, 1.5ml were collected at 2, 5, 10, 30, 60, 120 and
180 min, respectively, and the same volume of saline was sub-
stituted each time for the blood loss. Approximately 15-17%
of the total volume of blood was takg@5]. The rats were
decapitated at 4 h to collect trunk blood and tissue samples.

(0.1-3.4g) cut into small pieces, was added with 8-15ml In the distribution study, six and three rats were decapitated
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at 2min and 24 h to determine the early and late distribu- Table1 N _
tion of BZK, respectively. Trunk blood and tissue samples Recovery, intra-day precision and accuracy whegly of BZK was spiked
were collected and the samples were stored20°C until in the whole blood or tissue samples 6)

the BZK assay. The kinetic parameters were estimated by Recovery Intra-day

model-independent analysis using an online available pro- BZK IS Observed  Precision Accuracy

gram (Moment.xls, ver. 1.0, Day Three Institute, Tsukuba, %) (%) (n9/9) CV(%) (%)

Japan) with the blood BZK concentrations until 4h in the wholeblood 914 911  1.020.05 5.36 100t

kinetic study. Lung 716 829  1.03002 184 102
Liver 714 672  09%0.05 4.95 99

. : Kidne 754 742  1.0&0.02 1.95 10a
2.4.2. Infusion via femoral artery (FA) Y

A total of 15 rats were used in this study. The design of
study was identical to that of JV except the sites for a dose

(left FA) and blood sampling (right femoral vein). The percentage of g in BZK was calculated by the equa-
tion described in USP NF: 100A/B, in which A is the area
2.4.3. Oral administration (PO) obtained from @ homologue multiplied by its molecular

A total of 34 rats were used in this study. The rats fasted Weight and B is the sum of those of all homolog{@s The
overnight on the night before the experiment. A dose of calibration curves were obtained by plotting the@rea ra-
250 mg/kg BZK [=2.5 ml/kg of Osvah (100 mg/ml of BZK tio to IS against the amount of standard BZK spiked in blood
solution)] was given by stomach tube. This dose was based@nd tissue samples € 6) (Fig. 1B shows the calibration
on the smallest LBy (234 mg/kg PO in rats) reported by Al- ~ Curve in blood). G(_)O(_j linearity was obtained in the range of
fredson et al[26]. Blood samples were collected by cardiac 100ng-3:g. The limit of detection was 20 ng on column,
puncture at 1, 2, 4, 8 and 24 h (six rats of each sampling pointYVhe” the S|gn_a!—to—n0|se ratio was set at 3. The recovery,
and 30 rats in total) and the rats were then sacrificed by inject-iNtra-day precision and accuracy for the whole blood and
ing the anesthetic (0.2 ml) into the heart. Lung, liver, kidney the tissue sam.ples measureq in this study are summarized in
were harvested after death. Samples were storecaeC ~ 1able 1 Good inter-day precision (4.2% of C.V.) and accu-
until the BZK assay. Since four rats died before their due "acy (98.8%) was also obtained whep.d/g of BZK was

times, additional rats were used to compensate for the loss. SPiked in whole blood. The validation data for serum and
the rest of tissue samples have been reported in our previous

article[23].
3. Results Si_nce G2 was the most do_minant component in pharma-
ceutical products of BZK, this homologue was selected to
3.1. Chromatography quantify BZK. The existence of a secondary main peak of

Ci14 was checked on the chromatogram to qualify presence
Fig. 1A shows the chromatogram of standard BZI>C of BZK. To galculate the concentration.of BZK Qerived from
IS and G4 detected at 24, 28 and 36 min, respectively. Stan- a c_omrr_wermal product, th_e concentration obtained from the
dard G homologue was detected at 57 min, but a peak of calibration curve was adjusted based on the percentage of

C16 Was not detected either in standard BZK or in O&an €12 in standard BZK and the product using the equation in
Fig. 1B. The standard BZK and OsV&rused in this study

A) ®B) contained 68.7% (a) and 89.8% (b) of thomologue, re-
| St @ 151 Blood spectively.
s S 10 3.2. Infusion via JV and FA
Co g a:C12% in standard BZK
N . g 05 b :C12% in product o After JV administration, most of the rats stopped breathing
J 3 c-B2K concentraton ot | immediately after the dose, but recovered in 30-40's. How-
I C o0 s (c;)é 3 - ever, three rats died within 11 min without recovery and other

rats survived until their euthanasia. After FA administration,
all rats appeared to be normal in the initial period, but did
Fig. 1. Typical chromatogram obtained from standard BZK (A) and a cali- not urma_te aﬁ_er Fhe dose and gradually became CyanOtICj No
bration curve of BZK in blood (B). Domiphen was used as an IS. The peak FA-rat died within 4 h, but all three rats assigned for dis-
(C1p) arearatio to ISy-axis) was plotted against the amount of total BZK in  tribution study over 24 h died at 7, 10 and 13 h (no sample
the samplex-axis). The concentration of BZK derived from a commercial gt 24 h). Though the toxic manifestations were different be-
product was calculated by equatian= ¢ x (a/b), in which, ¢’ is the BZK tween JV- and FA-rats, the time-course changes in the blood

concentration in the biological sample derived from the produttte BZK . -
concentration obtained from the calibration curaehe proportion of G, BZK concentrations were S|m|Iap(= 0.16 by repeated mea-

in standard BZK used for the calibration curve (%), &rttie proportion of sure ANOVA) (Fig. 2), and kinetic parameters such as elimi-
Cy2 in the product (%). nation half-life ¢1,2) [1.30 h (JV) and 1.56 h (FA)], AUC and

Retention time (min) ~ Standard BZK (pg/sample)
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Table 2

BZK concentrations in blood and tissues following JV, FA and PO administration

Route Sampling Concentrations of BZKd/g)

Time N Whole blood Liver Lung Kidney

Vv 2min gy 26.1+8.4 16.5+ 4.6 126.7+ 46.2AB¢ 39.94+11.7
4h g 0.31+0.07 0.23+0.03 7.9+ 1.1++AB 7.0+ 1.5*4B
24h 3 0.02 N.D. 2.32 2.86

FA 2min 6 13.5+1.0 12.5+1.9 25.7+3.6 29.1+2.8
4h 6 0.26+0.02 0.15+0.03 3.2+ 0.48 3.8+ 0.4'8
24h 3 - - - -

PO 1h 6 0.06: 0.02%# 0.22+0.08 0.84+0.32 1.09+ 0.74
2h 6 0.08+0.02# 0.7840.46 1.94+0.85 2.46+1.54
4h 6 0.06+ 0.07*# 0.72+0.26 0.50+0.17* 0.83+0.30
8h 6 0.09+0.05 0.70+0.31 0.39+0.14* 1.084+0.64
24h 6 0.34:0.13 0.72+0.39 2.75£1.17 5.25+ 2.26%0

Data express meah S.E. except the samples at 24 h in JV-rsOne of the rats died prior to the due time and the data were analyzed with the rest of five

or two rats. (=) All rats died prior to the due time and no sample was collected at 24 h. N.D., under the detectiof) lmnit0(05 and {*) p < 0.01 when

compared between JV and FA by factorial ANOVA) p < 0.05 and?{) p < 0.01 when compared with the blood concentrations at the same sampling?lime. (

p < 0.05 and %) p < 0.01 when compared with the liver concentrations at the same sampling%)rpes (.05 when compared with the kidney concentrations

at the same sampling timé’)(p < 0.05 and {¥) p < 0.01 when compared with the concentration at 24 h in the same kind of samples in PO-rats. No significant

of difference was observed between any other groups. A dose of 15 mg/kg of BZK was administered via JV or FA and 250 mg/kg was administered orally (PO).

clearance (Gét) were also similar except the volume of dis- 3.3. PO administration
tribution (Fig. 2). Fig. 3shows the chromatograms obtained
from a JV-rat sacrificed at 24 h. There was no peak derived The physiological responses following oral administra-
from BZK detected in liver and very small peaks in blood, tion varied greatly among the individual rats. Approximately
while large peaks of ¢ and G4 were detected in lung and  half of them appeared to be normal throughout the experi-
kidney. In both JV- and FA-rats, lung and kidney had signifi- mental period, while the other half coughed or vomited some
cantly higher BZK concentrations than blood and/or liver at of the dose, followed by sneezing or difficulty in breathing.
2min and/or 4 hTable 3. The BZK concentrations in lung  Four rats died at 1, 6, 7 and 24 h by respiratory irritation.
and kidney in JV-rats were significantly higher than those In Fig. 4, the BZK concentrations in blood and tissues of
in FA-rats at 2min and/or 4 hT@ble 9. The BZK concen- individual rats are plotted against time. The rats with some
trations in the rats that died before their euthanasia did notsymptoms (shaded symbols) had significantly higher con-
appear to be high compared to those in the survived rats (datacentrations of BZK than the rats that appeared normal (open
not shown), though they were hard to compare because ofsymbols) p < 0.01 in blood, liver and lungp < 0.001 in
different sampling times. kidney). The concentrations of BZK in the rats that died be-
fore their due times (dark symbols) were higher than others,
except for the one ratthat died at 24 h. The average BZK con-

Jv 100- FA centrations were even higher at 24 hin blood, lung and kidney
1001 tip = 1.30 + 0.17 tyz = 1.56 + 0.08

—_ AUC = 5.93 + 0.84 AUC = 4.84 + 0.30

g 10 Vies = 3.36 + 0.29% 104 Vgss = 4.21 £ 0.23 1l Blood Liver Lung Kidney

= Clot = 2.50 = 0.35 Clit = 2.83 £ 0.19

N

B 11

o Cr2

o)

k)

o — o4 Is s s

o 1 2 3 4 0 1 2 3 4 Ci
Time following a dose (h) IS

Fig. 2. The time-course changes in blood BZK concentrations following JV Ciz c w h c
(n=5) and FA @ = 6) administration (15 mg/kg). There was no significant L 14 Ciq JA 14
difference in the BZK concentrations over 4 h between JV and A ( J wﬂ J_ “ Lo | wA L{'L | W !L
0.16 when compared by repeated ANOVA). The kinetic parameters were -~~~ =~ -~ -~
calculated by model-independent analysis. The AUCs were calculated by 0 20 40 0 20 40 0 20 40 0 20 40

the trapezoidal rule. Data express mea8.E., but most of the error bars are Retention time (min)

within symbols. (*)p<0.05, compared individually between JV and E#g,

half-life of elimination (h); AUC, area under the blood concentration—-time Fig. 3. Chromatograms obtained from blood, liver, lung and kidney in a JV-
curve until 4 h {(ug/(ml h)); Clet, total body clearance (I/(h kg)Ygss volume rat sacrificed at 24 h. Large peaks of,@nd G4 were detected in lung and

of distribution at the steady state (I/kg). kidney, while no peak was detected in liver.
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Lung Kidney in the initial phase in JV rats could result in higher concentra-
g -r'_ o TH 1% H tions even at later time since the elimination half-life was not
= .t ., " different between JV and FA in bloo&ig. 2). The effect on
.§. : LR = 5 respiration, however, appeared to be transient and 80% of the
.g I P % o o rats could recover relatively quickly once breathing restarted
§ [ - 1 o and survived for at least 2 weeks (data not shown). In FA
a g administration, toxic effects appeared a few hours later and
X — —a —— ———— no rat survived 1 day, which suggests that FA administration
N 06121824 0 6121824 0 6 121824 0 6 121824

of BZK is extremely toxic. Despite the difference in the toxic
effects of BZK between JV- and FA-rats, the blood concen-
Fig. 4. Individual BZK concentrations in blood and tissues are plotted tration profiles and the k'”?“? parameters such as AU_C
against the time following PO administration (250 mg/kg). The open, shaded and clearance (¢t) were similar. The BZK concentrations
and dark symbols correspond to normal, sick and dead rats, respectively. Thein lung and kidney in JV-rats were even higher than those in
lines express the average concentration of BZK at each time point, but with- FA_rats. These results are in contradiction to the generally

out the rats that died. The sick rats coughed or vomited some of the dose, e e idea that higher drug concentrations usually mean
followed by having symptoms such as sneezing or difficulty in breathing.

There was a positive correlation between the BZK concentrations and the greater tOX'C'ty_- BZK has a strong effect _On b|0|09|c‘_"1| mem-
degree of toxicity. branes due to its detergent property, which results in hemol-

ysis and mucosal necrogi6]. These effects of BZK may
compared to those in the same kind of samples at earlier timesnduce systemic problems and irreversible fatal failures, i.e.
(Table 2. dysfunction of kidney (no urination) or imbalance of physio-
logical ions after a FA-dose. However, the exact mechanism
of action of BZK was not addressed in this study and further
4. Discussion investigation is clearly needed.
As an additional small experiment, five rats of each were
Dozens of pharmaceutical BZK products are adopted asgiven BZK via femoral vein (FV) or jugular artery (JA) to
prescribed drugs in Japd8], and many other BZK prod-  compare the difference in kinetics and toxicity of BZK be-
ucts are commercially available as over-the-counter drugstween venous and arterial administration as well as between
[4]. Many poisoning cases have occurred by accidental or jugular and femoral administration. The toxic effects of BZK
intentional ingestion of high concentrations of BZK (10% or infused via FV and JA revealed similar symptoms to those in
more) over the years due to its easy availablity13]. Ac- JV-rats, and unlike in FA-rats. Three out of 10 rats died within
cidental intravascular administrations are estimated to occur10 min. The blood and tissue BZK concentrations were de-
more frequently than the cases repof&d. Intravenous in-  tected similarto those in JV-and FA-rats, though itwas hard to
jection of BZK instead of a drug or intra-arterial injection compare due to limited number of rats used (data not shown).
of BZK instead of an angiographic agent occurs very occa- These indicated that only the injection of BZK via FA resulted
sionally even though these are not officially reported due to in completely different manifestations among four routes of
malpractice concerr28]. In spite of numbers of poisoning intra-vascular administration.
cases that occurred, there have been few reports concerning After PO administration, aspiration of even a smallamount
the BZK concentrations in biological samp[é4,22—23jand of BZK into the bronchia resulted in systemic problems. If
no report regarding systematic study on kinetics and distri- no aspiration occurred, the rats appeared to be normal and the
bution of BZK in vivo. BZK concentrations in blood and tissues were relatively low,
The LDsg of BZK in rats was reported as 234-525 suggesting that only a small amount of BZK was systemi-
and 14 mg/kg when administered orally and intravenously, cally absorbedKig. 4). If aspiration occurred, fatal damage
respectively [6,26,29,30] In humans, an oral dose of to lung cells resulted from aspirated BZK being absorbed
100-400 mg/kg[13] or a parenteral dose of 5-15mg/kg from the pulmonary blood vessels, and resulted in higher
[9,31]is thought to be fatal. In this study, four out of 34 rats concentrations of BZK than those observed in non-aspirated
(12%) died by 250 mg/kg-PO and six out of 30 rats (20%) rats. The systemic cellular changes and animbalance of blood
died by 15 mg/kg of intra-vascular injection. gases simultaneously developed with the cytolytic effects of
The toxic effects of BZK differed according to the routes BZK, and resulted in fatal failures. These results indicated
of administration. Fatal toxicity appeared soon after the dose that there was a positive correlation between the degree of
in JV-rats, and was delayed in FA- or PO-rats. Since the drug toxicity and BZK concentrations in blood and tissues follow-
injected via JV goes into lungs directly, the sudden cessationing oral administration of BZK. However, the detailed toxi-
of breathing soon after the dose in JV-rats was considered tocokinetic analysis was hard to perform in this study since the
be a sudden blockage of the oxygen supply in lungs by therats were sacrificed at each time point and the serial blood
large bolus concentrated dose of BZK, this may be reflected concentrations in the same rat were not obtained. Though
by the high lung BZK concentrations observed in JV-rats highly variable concentrations were observed between rats,
(Table 2. This extremely high lung concentrations achieved the higher concentrations of BZK at 24 h compared with those

Time following PO administration (h)
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at earlier times may result from slow absorption through gas- [5] Japan Pharmaceutical Information Center Ed., Drugs in Japan 2002,
trointestinal mucosa or redistribution of absorbed BZK. The Ethical Drugs, 25th ed., Jiho, Tokyo, 2002, p. 2000.
toxic peak after PO administration may occur 1 day later, but [6] American College of Toxicology, J. Am. Col. Toxicol. 8 (1989) 589.

t later th n d Thisis b d th It th t, [7] M. van Berkel, F.A. de Wolff, Hum. Toxicol. 7 (1988) 191.
no _a erthana eW. ays. Thisis based onthe resu atnon- [8] K. Ohta, Y. Yamanaka, Y. Ubukata, K. Fujii, J. Nissei Hosp. 12
aspirated rats survived for 2 weeks at least, though the rats  ~ (1984) 93.
appeared to be slow for a few days (data not shown). [9] J. Wilson, I. Burr, Am. J. Dis. Child 129 (1975) 1208.

In conclusion, the kinetic characteristics and toxic effects [10] L. Adelson, I. Sunshine, Clin. Pathol. 22 (1952) 656.

of BZK were experimentally investigated using rats utiliz- [11] M- Hitosugi, K. Maruyama, A. Takatsu, Int. J. Legal Med. 111
ing HPLC technique with solid phase extraction. The fatal (1998) 265.

9 q p ] ’ [12] I. Akutsu, S. Motojima, H. Ogata, T. Fukuda, R. Ikemori, S. Makino,
effects appeared soon after the dose in JV-rats, but were de- ~ 3ap. 3. Internal Med. 78 (1989) 1613.
layed in FA- and PO-rats. In PO-rats, the toxic effects of BZK [13] D. Tiess, K.H. Nagel, Arch. Toxikol. 22 (1967) 333.
were correlated with the blood or tissue BZK concentrations. [14] T. Thorsteinsson, T. Loftsson, M. Masson, Curr. Med. Chem. 10
Though no FA-rat survived 1 day and 80% of JV-rats sur- ___ (2003) 1129.

. : - [15] L. Chatten, K. Okamura, J. Pharm. Sci. 62 (1973) 1328.
vived, the blood BZK concentrations were similar between [16] S. Suzuki, . Nakamura, A. Kaneko, K. Mori, Y. Watanabe, J. Chro-

JV- and FA-rats and the BZK concentrations in lung and kid- matogr. 463 (1989) 188.
ney were even higher in JV-rats. The degree of toxicity was [17] M. Nishikawa, M. Tatsuno, S. Suzuki, H. Tsuchihashi, Forensic Sci.
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