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ABSTRACT : Exposure of splenocytes to 2-chloroethylethyl sulfide (CEES) resulted in the cell death, and
the cytotoxicity of CEES was prevented by inhibitors of lysosomal hydrolases. Therefore, it has been pos-
tulated that the cytotoxicity of CEES may be partially due to the lysosomal labilization. This study, bas-
ed on this mechanism, was undertaken to determine whether aminoglycoside antibiotics as inhibitors of
lysosomal phospholipases and their combinations with other lysosome stabilizers can be useful as a
treatment to reduce the CEES toxicity in mice. 2-Chloroethylethyl sulfide (20 mg/kg body weight) was in-
jected ip into female ICR mice, and candidate compounds were administered ip before or after the CEES
challenge. Kanamycin (40 mg/kg body weight) as effective as deferoxamine (100 mg/kg body weight)
enhanced the survival rate after 5 days of intoxication from 10% of control to 50 - 60%. The most ef-
JSective was found to be the combination of kanamycin, cycloheximide, deferoxamine and dextrose show-
ing an almost full protection against 2LD50 of CEES. Consistent with the protection of the CEES toxicity,
the decrease of body weight in mice intoxicated with CEES was effectively prevented by kanamycin or
its combinations. It is suggested that kanamycin or its combination (kanamycin, cycloheximide, de-

feroxamine and dextrose) would be one of effective antidotes against the CEES poisoning in mice.
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1. INTRODUCTION

Although many reports on the biochemical mech-
anisms for the cytotoxicity of S-alkylating com-
pounds such as 2-chloroethylethyl sulfide (CEES}
and 2,2'-dichlorodiethyl sulfide in various types of
cells have appeared, the informations concerning
the effective detoxification in vivo are limited to a
few (Sugendran et al., 1994; Vijayaraghavan et al.,
1991; Vojvodic et al., 1985).

In blood (Clayson et al., 1993; Meier and John-
son, 1992) and spleen (Choi et al., 1994) lym-
phocytes, nicotinamide, an inhibitor of poly(ADP-ri-
bose) polymerase, had been observed to be ef-
fective in preventing the S-alkylating vesicants-in-
duced cytotoxicity. However, a single administra-
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tion of nicotinamide failed to decrease the toxicity
in organ culture system (Mol et al.,, 1991). Al-
though a hypothesis of Ca®-mediated cytotoxicity
in 2,2'-dichlorodiethyl sulfide (Hua et al., 1993; Pa-
pirmeister et al., 1991; Ray et al., 1995) had been
proposed, there are no reports on the successful
protection with Ca® chelators in animal experi-
ments. Meanwhile, it was suggested that oxidative-
type damage, including lipid peroxidation and de-
pletion of glutathione content, was responsible par-
tially for the toxicity of 2,2'-dichlorodiethyl sulfide
(Elsayed et al., 1992 and 1989; Gentilhomme et al.,
1992; Vijayaraghavan et al., 1991). In surport of
the above suggestion, the survival time of animals
poisoned by 2,2'-dichlorodiethyl sulfide was found
to be prolonged by administration of either to-
copherol or flavonoids (Vijayaraghavan et al., 1991;
Vojvodic et al., 1985). In addition, cycloheximide, an
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inhibitor of protein synthesis, was observed to de-
crease the toxicity of nitro- gen mustard to some ex-
tent (Weissberg et al., 1978).

Recently, an additional mechanism for CEES cy-
totoxicity was proposed: CEES can induce a lyso-
somal destabilization by presumably activating lyso-
somal cysteine-proteases or phospholipases (Choi
et al., 1995; Shin et al., 1995). The CEES-induced
cytotoxicity in splenocytes was successfully pro-
tected by lysosomal hydrolase inhibitors such as
aminoglycosides, pepstatin and leupeptin (Sok et
al., 1995). Thus, the lysosomal hydrolase inhibitors
or other lysosome stabilizers were expected to pro-
tect against the intoxication of animals by CEES.

These observations necessitate the investigation
on the efficiency of aminoglycosides and their com-
binations with candidate drugs potentially capable
to counteract toxic effects of CEES. This study was
performed in relation to survival time, degree of
protection and body weight loss. In the present
study, it is proposed that aminoglycosides and
their combinations would be beneficial for the
treatment of poisoning by S-alkylating compounds
such as CEES.

II. MATERIALS AND METHODS
1. Materials

2-Chloroethylethyl sulfide (CEES) was obtained
from Aldrich Chemical Co. (Milwaukee, WI, U.S.A.).
The other agents, including RPMI 1640 medium,
were provided by Sigma Chemical Co. (St. Louis,
MO, U.S.A)). Fetal calf serum was from Difco La-
boratories (Detroit, MI, U.S.A.).

2. Protection of splenocytes against CEES cy-
totoxicity

Splenocytes were prepared from the spleen of fe-
male ICR mice (body weight, 25-30 g, as described
(Rosenberg and Lafrage-Frayssinet, 1973). Cul-
tures were carried out at a cell density of 1x10°/
ml in RPMI 1640 medium supplemented with fetal
calf serum (Choi et al., 1995). After the incubation
in a controlled environmental incubator (37°C and
5% CO,) for the time indicated, an aliquot (100 pl)

of sample was taken and used for the de-
termination of cell viability using trypan blue-ex-
clusion method (Meier and Johnson, 1992). CEES
(final conc., 1 mMj dissolved in a small volume of
ethanol (final conc., 0.5%) was added directly to
the culture medium containing splenocytes in eith-
er the absence or presence of each candidate com-
pound which was added 5 min prior to CEES ex-
posure. Culture tubes in control groups were given
ethanol alone. Following exposure to CEES for 1
hr or 3 hr, the cell viability was determined as des-
cribed above, and expressed as the percentage of
the control without CEES. Results represent the
mean+SE of five determinations. Tests of sig-
nificance were performed using Dunnett's t-test
(Gad and Weil, 1982), with P<0.05 as a criterion of
difference.

3. Protection of mice against CEES intoxica-
tion

Female ICR mice (body weight, 20-25 g) were
challenged with various doses (10-30 mg/kg body
weight) of CEES. CEES was diluted in propylene
glycol (4 ml/kg body weight) as a vehicle, and ad-
ministered intraperitoneally into the lower part of
left side of mouse abdomen (Balali-Mood, 1989;
Field et al., 1964). Candidate compounds or com-
binations of various doses, dissolved in phy-
siological saline (10 mi/kg body weight), were ad-
ministered into the other side of abdomen either
before (20 min or immediately) or after (10 or 20
min} the CEES challenge as described in legends.
Mice in control groups received the same volume
of vehicles. The survival rate (%) and body weight
of mice (10 - 15 mice per group) were measured
every day during 5-day post-treatment period
(Vojvodic et al., 1985), and expressed as the per-
centile mean of control (vehicle-treated mice).

The experiments performed here were conducted
according to the "Guide Principles in the Use of An-
imals in Toxicology" which had been adopted by
the Society of Toxicology in 1989.

III. RESULTS

Earlier studies demonstrated that there may be



Table 1. Effect of candidate compounds on CEES-in-
duced cytotoxicity in splenocytes. Splenocytes were in-
cubated with each compound for 5 min prior to CEES
exposure (1 mM), and further incubated for 1 hr or 3 hr.
Cell viability was determined with trypan blue-exclusion
method at the time indicated

Concentration Viability
Treatment (M) (% of control)

CEES alone (1 hr) 63.2+25
+Kanamycin 100 85.1+0.4*"
+Pepstatin 6 87.0+2.2*
+Leupeptin 60 88.3+2.5*"
+Nicotinamide 1,000 85.3:+£2.9*
+Deferoxamine 100 78.5+3.7*
+Trifluoperazine 0.5 74.1£5.2
+APMSF 20 57.11+4.7
CEES alone (3 hr) 39.8+4.1
+Cycloheximide 100 62.5+3.1*

*Significantly different from CEES alone (P<0.05).
*Please see references Choi et al. (1994) and Sok et al.
(1995).

multiple mechanisms for the S-alkylating vesi-
cants-induced cytotoxicity in lymphocytes (Choi et
al., 1994 and 1995; Clayson et al., 1993; Pa-
pirmeister et al., 1991). To see whether the pre-
vention of CEES-induced cytotoxicity in organ
cells may contribute to the protection of CEES tox-
icity in vitro tests, the protective action of various
candidate compounds, which have been reported
to reduce the cytotoxicity of CEES, was examined
and compared.

First, when the effect of the individual compou-
nd against CEES-induced cytotoxicity in spleno-
cytes was examined (Table 1), it was found that
not only inhibitors of lysosomal hydrolases such
as kanamycin, pepstatin and leupeptin (Sok et al.,
1995) but also an inhibitor of poly(ADP-ribose) po-
lymerase, nicotinamide (Choi et al., 1994 and
1995), enhanced the viability of cells exposed to 1
mM CEES for 1 hr from 63.2% to more than 85%.
Meanwhile, deferoxamine and trifluoperazine ex-
hibited a modest enhancement (74.1-78.5%). In a
related experiment (unpublished data), however,
the decrease of intracellular ATP in lymphocytes ex-
posed to CEES for 1 hr was not prevented suc-
cessfully by these compounds except nicotinamide
which expressed an almost complete recovery (>
90%).

Based on the above results, we turned to the
study on the in vivo protection against acute tox-

63

Table 2. Change in viability of mice after CEES in-
toxication. CEES (0-40 mg/kg body weight), diluted in
propylene glycol (4 mi/kg body weight)) was ad-
ministered intraperitoneally, and the survival rate (%)
was counted for 5 days

Compounds Day after treatment
(mg/kg) 0 1 2 3 4 5

CEES (0) 100 100 100 100 100 100
(10) 100 100 100 90 70 40
(20) 100 100 90 65 30 10
(30) 100 90 40 10 0 0
(40) 100 70 10 0 0 0

icity of CEES. LD50 value in intraperitoneal tox-
icity of CEES based on a 5-day mortality was es-
timated to be 10 mg/kg body weight (Table 2). In
the repeated experiments, mice which survived aft-
er the period of observation of 5 days were found
to be viable for at least 10 days (Vojvodic et al.,
1985). Table 3 shows that all drugs tested pro-
longed the survival time of mice administered by a
single dose (20 mg/kg body weight, 2LD50) of
CEES. Out of six singly-administered drugs, the
best protective action against CEES toxicity was
achieved by deferoxamine (Def, 100 mg/kg body
weigtht) and kanamycin (KM, 40 mg/kg body
weight), which showed a survivability of 60% and
50%, respectively on 5th day, compared to 10% of
control. Among aminoglycoside antibiotics, kana-
mycin was more efficacious than gentamycin (GM),
amicacin (AM) or tobramycin (TM). Cycloheximide
(Cyh) at 1 mg/kg body weight exhibited a sub-
stantial protection, but its effect at 0.3 mg or 3
mg/kg body weight was meager. Also, dextrose de-
monstrated a similar protective action. Meanwhile,
either nicotinamide or trifluoperazine was with a
negligible effect (unpublished data). Even leupe-
ptin or pepstatin, inhibitors of proteolytic enzymes,
showed only a modest effect.

Next, the combination of two or three candidate
drugs was tested for the protection against CEES
toxicity. Simultaneous administration of two or
three drugs was more effective than a single ad-
ministration in the protective action against in-
toxication by 2LD50 of CEES. All the combinat-
ions at optimum doses, except the combination of
kanamycin and deferoxamine which appeared to
antagonize each other, augmented the survival
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Table 3. Protective effect of candidate compounds and their combinations on the survival rate of mice intoxicated with
CEES. Each compound or their combinations, dissolved in isotonic saline (10 ml/kg body weight), was administered 20
min before CEES intoxication (20 mg/kg body weight), and the survival rate was expressed the percentile mean of con-
trol as described in Materials and Methods section

Compounds Day after treatment
(mg/kg) 0 1 2 3 4
CEES alone (20) 100 100 90 65 30 10
+Kanamycin (KM}
(10) 100 100 100 80 50 10
(20) 100 100 100 100 60 20
(40) 100 100 100 100 80 50
+Gentamycin (GM)
(5) 100 100 100 100 70 20
(10) 100 100 100 100 65 25
(20) 100 100 100 100 60 40
(40) 100 100 100 60 45 10
+Amicacin (AM)
(10) 100 100 100 75 45 10
(20) 100 100 100 100 70 25
(40) 100 100 100 100 60 40
+Tobramycin (TM)
(1) 100 100 100 75 56 20
(2.5) 100 100 100 100 70 25
(5) 100 100 100 100 75 10
(10) 100 100 100 100 50 10
+Cycloheximide (Cyh)
(0.3) 100 100 100 65 30 10
(1) 100 100 100 100 50 40
(3) 100 100 100 85 45 20
+Deferoxamine (Def)
(20) 100 100 100 70 20 10
(50) 100 100 100 100 75 30
(100) 100 100 100 100 80 60
(200) 100 100 100 100 30 10
+Dextrose (Dex)
(5) 100 100 100 70 40 20
(10) 100 100 100 100 75 45
(50) 100 100 100 70 55 35
(100) 100 100 100 70 40 20
(500) 100 100 100 85 65 50
(1000) 100 100 100 95 55 35
+ KM + Cyh
(40) (1) 100 100 100 100 80 60
(3) 100 100 100 100 80 30
(10) 100 100 80 70 50 50
+ KM + Def
(40) (100) 100 100 100 100 75 30
+ Cyh + Def
(1) (100) 100 100 100 100 100 80
+ KM + Cyh + Def
40) (1) (10) 100 100 100 80 70 60
(20) 100 100 100 80 70 50
(50) 100 100 100 100 90 80
(100) 100 100 100 100 100 90
+ GM + Cyh + Def
(20) (1) (100) 100 100 100 100 100 50
+ Dex + Def

(500) (100) 100 100 100 100 80 60




Table 3. Continued.
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Compounds Day after treatment
(mg/kg) 0 1 2 3 4 5
+ Dex + Def + KM
(500) (100) (20) 100 100 100 100 80 40
(40) 100 100 100 100 100 60
+ Def + Cyh + KM + Dex
(100) (1) (40) 5) 100 100 100 100 100 80
(10) 100 100 100 100 100 90
(50) 100 100 100 100 100 100
(100) 100 100 100 100 100 90
(500) 100 100 100 100 100 100
rate after 5 days of intoxication from 10% of con- M
trol to>60%. The most pronounced protection was 100 L

achieved with a three component regime, kana-
mycin (40 mg/kg body weight), cycloheximide (1
mg/kg body weight) and deferoxamine (100 mg/kg
body weight). It is noteworthy to observe that the
addition of dextrose (Dex, 50-500 mg/kg body
weight) to the combination of three components
(KM+Cyh+Def) further enhanced the survivability
to the level of full protection.

Based on the above results, we carried out a
more detailed study on the protective effect of the
best combination (kanamycin + cycloheximide + de-
feroxamine + detrose, KCDD). The dose (10, 20 or
30 mg/kg body weight) of CEES was varied, and
the protective effect of KCDD recipe was evaluated.
As shown in Fig. 1, the protective effect of KCDD
differed according to the dose of CEES used. While
CEES at a dose of 10 or 20 mg/kg body weight
was successfully detoxified by KCDD, the pois-
oning by CEES of 30 mg/kg body weight was par-
tially prevented. Thus, the dose of CEES to be de-
toxified by KCDD seems to be limited to between
2LD50 and 3LD50. In a further experiment, the ef-
fect of administration period on the protection by
KCDD was investigated to see the mode by which
the KCDD combination exerts the protective action
against CEES. There was no remarkable difference
between administrations 20 min before and after
intoxication (data not shown). Thus, it appears
that the protective action of KCDD may be due to
the therapeutic action rather than prophylactic ac-
tion such as scavenger effect of the KCDD com-
bination.

In an attempt to further explain the antidotal ac-
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Fig. 1. Protective effect of the best combination of can-
didate compounds (KCDD) on the survival rate of mice
intoxicated with various doses (10-30 mg/kg body
weight) of CEES. ©, 10 mg/kg CEES alone; ®, KCDD+
10 mg/kg CEES; Vv, 20 mg/kg CEES alone; ¥, KCDD+
20 mg/kg CEES; o, 30 mg/kg CEES alone; m, KCDD+
30 mg/kg CEES. KCDD, kanamycin (40 mg/kg)+cy-
cloheximide (1 mg/kg)+deferoxamine (100 mg/kg)+dex-
trose (500 mg/kg body weight). KCDD regime, dissolved
in isotonic saline, was administered 20 min before CEES
intoxication, and the survival rate was evaluated as des-
cribed in Table 3 legend.

tion of the combination, KCDD, was examined in
mice. The gradual loss of body weight in animals
exposed to CEES differed according to the dose,
and the maximal loss was commonly observed on
the 1st day. When mice poisoned by CEES (20 mg/
kg body weight) was treated with each candidate
drug, the rate of body weight loss in drug-treated
animals was much slower, compared to non-treat-
ed animals. Kanamycin and deferoxamine partially
prevented the decrease in body weight (Fig. 2),
while cycloheximide failed to prevent successfully
the loss of body weight. In comparison, while de-
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Fig. 2. Effect of various combinations of candidate com-
pounds at their optimum doses on the body weight ch-
ange of mice intoxicated with CEES (20 mg/kg body
weight). O, 20 mg/kg CEES alone; ®, KM; v/, Def; ¥,
Def+KM; o0, Def+Cyh; », Def+Cyh+KM; A, Def+Cyh+GM.
KM, kanamycin (40 mg/kg); Def, deferoxamine (100 mg/
kg): Cyh. cycloheximide (1 mg/kg); GM, gentamycin (20
mg/kg body weight). Body weight was measured every
day, and expressed as the percentile mean of that of in-
itial day.
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Fig. 3. Effect of the best combination of candidate com-
pounds (KCDD) on the body weight change of mice in-
toxicated with various doses (10-30 mg/kg body weight)
of CEES. A, vehicle (4 mi/kg propylene glycol); ©, 10
mg/kg CEES alone; ®, KCDD+10 mg/kg CEES; v/, 20
mg/kg CEES alone; ¥, KCDD+20 mg/kg CEES; o. 30
mg/kg CEES alone; m, KCDD+30 mg/kg CEES. KCDD
was prepared as described in Fig. 1 legend.

feroxamine was more effective in the early phase of
CEES intoxication, the effect of kanamycin ap-
peared to be more remarkable in the later phase.
The combination of deferoxamine and kanamycin
enhanced the level of body weight from 83% of con-

trol to 92%, in contrast to 88% by the combination
of deferoxamine and cycloheximide. The level
achieved by the combination of three components,
deferoxamine, cycloheximide and kanamycin, ap-
proximates 96%. The replacement of kanamycin
by gentamycin (20 mg/kg body weight) in the com-
bination was not favorable for the regain of body
weight. Moreover, the inclusion of dextrose further
enhanced the combinational effect of deferoxamine,
cycloheximide and kanamycin. Thus, maximal
weight gain was found with the combination of ka-
namycin, cycloheximide, deferoxamine and dex-
trose (Fig. 3), which was observed to be the best
for the protection against CEES intoxication.
However, the best combination failed to prevent
the gradual loss of body weight in mice intoxicated
with 3LD50 of CEES.

IV. DISCUSSION

The present study shows a favorable degree of
protection achieved by several drugs in acute pois-
oning of mice by CEES. The drugs have been
chosen on the basis of recent accomplishments in
the cytotoxic mechanisms of sulfur mustards in or-
gan cells; the activation of poly(ADP-ribose) po-
lymerase (Papirmeister et al., 1985), Ca®"-mediated
cytotoxicity (Hua et al., 1993; Ray et al., 1995) and
radical-mediated lipid peroxidation (Elsayed et al.,
1992 and 1989; Vijayaraghavan et al., 1991). Our
recent observation, CEES-induced lysosomal la-
bilization {Choi et al., 1995; Shin et al,. 1995),
adds to the above mechanisms.

Beneficial effect of kanamycin in the de-
toxification of CEES toxicity was manifested by sig-
nificant reduction of lethal effects, and faster re-
gaining of body weight loss in mice intoxicated by
CEES. Moreover, the dose for effective de-
toxification of CEES is close to the range of the
therapeutic dose for antibacterial effect. The effect
of kanamycin might be partially due to the pre-
vention of CEES-induced cytotoxicity in rapidly-di-
viding cells as demonstrated in the protection by
lysosomal hydrolase inhibitors against CEES cy-
totoxicity in lymphocytes (Sok et al., 1995). The pri-
mary mechanism for the effect of kanamycin may
be the prevention of lysosome destabilization by in-



hibiting lysosomal phospholipases activated dur-
ing the course of tissue injury by CEES, although
other mechanisms are not excluded. Also, de-
feroxamine, a chelator of Fe* responsible for the
formation of radicals causing lipid peroxidation, ex-
hibited a significant protection in animal ex-
periments, in support of previous results by El-
sayed et al. (1992 and 1989) and Vijayaraghavan
et al. (1991) who proposed the mustard-induced
lipid peroxidation. The mobilization of Fe*, re-
quired for the lipid peroxidation-mediated cell kil-
ling, can be also induced by autophagic de-
gradation of ferritin (Dean et al., 1993; Laub et al.,
1985; Sakaida et al., 1990}, during which lyso-
somal phospholipids may be more labile to iron-ca-
talyzed lipid peroxidation (Myers et al., 1991;
Weglicki et al., 1984). Thus, some part of pro-
tection by deferoxamine might be due to the re-
moval of Fe’ mobilized following the autophagy ac-
companied by lysosomal labilization. This might ex-
plain partly why there seems to be an antagonism
between kanamycin and deferoxamine in the de-
toxification of CEES toxicity.

In addition, cycloheximide, which showed a
small effect to prevent the cytotoxicity of CEES in
lymphocytes, remarkably antagonized the toxic ac-
tion of CEES in vivo test at a dose of 1 mg/kg
body weight, close to a concentration responsible
for the inhibition of protein synthesis. Moreover,
cycloheximide is known to be an inhibitor of au-
tophagy (Kovacs et al., 1981) related to lysosomal
action. Thus, it is supposed that cycloheximide
might show its effect both directly through au-
tophagic inhibition and indirectly by interfering
with the synthesis of proteins involved in cy-
totoxicity-inducing process. Recently, it was re-
ported that dextrose-saline treatment was also ef-
fective for the protection of mice against 2.2'-di-
chlorodiethyl sulfide poisoning (Sugendran et al.,
1994) by replenishing the fluid loss. In our present
study, dextrose, either alone or in combination
with other drugs, showed a beneficial effect to
some extent in reducing CEES toxicity.

Although nicotinamide was effective to protect
Iymphocytes against CEES cytotoxicity (Choi et al.,
1994; Clayson et al., 1993), it failed to reduce the
toxicity of CEES in animal experiments, sug-
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gesting that nicotinamide can prevent the cell
death induced by decrease of intracellular ATP,
but not the cell death by other causes. This sugges-
tion might be consistent with our unpublished
result that nicotinamide (1 mM), which prevented
successfully the cytotoxicity of CEES in spleno-
cytes during 1 hr incubation, failed to reduce the
CEES cytotoxicity during the 24 hr exposure to
CEES. Although corticosteroids such as dex-
amethasone had been used for the treatment of lo-
cal and systemic effects produced by 2,2'-di-
chlorodiethyl sulfide (Vojvodic et al., 1985), dex-
amethasone was ineffective to reduce the lethality
in mice under conditions used. Rather, dex-
amethasone worsened the body weight loss of an-
imals intoxicated with CEES (data not shown). A
similar result was obtained in animals intoxicated
with cyclophosphamide, another alkylating com-
pound. Moreover, cyclophosphamide promoted the
atrophy of thymus and spleen synergistically with
dexamethasone (unpublished result)) Even to-
copherol, which expressed some protection in ear-
lier observation (Vojvodic et al., 1985), was inef-
fective to treat CEES poisoning. This discrepancy
might be explained by the assumption that
between 2,2'-dichlorodiethyl sulfide and CEES
there are significant differences in physico-chem-
ical properties such as vaporization, penetration
through biomembranes and chemical reactivity.
The triple drug treatment regime (kanamycin, cy-
cloheximide and deferoxamine) was one of the
most effective in mice poisoned by CEES, pro-
tecting 90% of mice against 2LD50 of CEES. Furth-
ermore, it is noteworthy to observe that KCDD re-
gime expressed an almost full protection against
2LD50 CEES under the condition used. Con-
sistent with its protective action against CEES tox-
icity, the KCDD regime, when singly administered
before CEES intoxication, was remarkably effective
in the prevention of body weight loss. It is possible
that the effect of kanamycin on body weight was
due to the water and salt retention following func-
tional damage of kidneys. However, the possibility
is less likely, since the effect of aminoglycosides in
preventing the weight loss was greater with ka-
namycin than gentamycin which shows a greater
nephrotoxicity. Moreover, the effect of kanamycin
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was achievable with single dose. In addition, dex-
trose with a fluid-replenishing effect (Sugendran et
al., 1994) further potentiated the preventive effect
of the triple regime containing kanamycin (kana-
mycin, cycloheximide and deferoxamine). Thus, it
seems that aminoglycosides exert their protective
action by mechanisms different from fluid re-
tention. The obove observations, taken together
with the decrease in lethality, suggest that the re-
gime KCDD would be promising as a kind of an-
tidote against CEES poisoning.
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