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Table 1 Serum chemistry (mean +02 SD) after 12 week exposure to ethylene oxide. (Number of samples in each group in

parentheses)
Control Test Control Test
Total protem (g/dl) 7-1+£0-4(8) 6-9+0-5(8) Total lipid (mg/dl) 221-9+57-6 (9) 232:4+49-2(9)
Albumin (g/dl 2:5+0-2(8) 2:4+0-2(8) Phospholipids (mg/dl) 114-3+24:6 (9) 123-2+10-0 (9)
Total bilirubin (mg/dl) 0-09+0-04 (8) 0-15+0-08 (8) Total cholesterol (mg/dl) 76-6+19:6 (8) 73-6+8-1(8)
Aspartate aminotransferase 160-8 + 35-0 (8) 168-8 +48:6 (8) High density lipoprotein
(Karmen unit) cholesterol (mg/dI) 340£10:9(9)  41:1:124(9)
Alanin aminotransferase 27-84+46 (8) 35-8+10-3 (8) Triglyceride (mg/dl) 47-41+74(8) 37-5+7-1(8)*
(Karmen unit) Free fatty acids (mEq/L) 0-71+0-28 (9) 0-70+0-10 (9)
Alkaline phosphatase 169-8+26-1 (8) 193-5+ 664 (8) Blood urea nitrogen (mg/dl) 13-9+1-7 (8) 149+ 3-5(8)
(King-Armstrong unit) Creatinine (mg/dl) 0:6+0-1(8) 0-5+0-1(8)
Lactate dehydrogenase 357-2+172:4(8) 339-9+129-3(8) Uric acid (mg/dl) 1-5+0-3(8) 1:3+£0-3 (8)
(Wroblewski unit) Tri-iodothyronine (ng/dl) 447181 (6) 35.7£5-7 (6)
Cholinesterase (IU) 68:4+10-7 (8) 60-4+14-3 (8) Thyroxine (ug/dl) 4-57+0-47 (6) 4-92+1-26 (6)
Creatine kinase (IU) 4501+1234 (8) 2572+659 (8)** Thyroid stimulating 2:22+0-94 (6) 163+ 0-29 (6)
Amylase (IU) 24231289 (8)  2307+743 (8) hormone (xU/ml)
Gluoose (mg/dl) 67-0+12:2(4) 63-:2+12-6 (5)

Difference from control: *p < 0-05; **p < 0-005.

homogenates of brain and spinal cord were used for
enzyme assay.

ANALYTICAL PROCEDURE
Activities of CK, aspartate aminotransferase

(ASAT) (L-aspartate: 2-oxoglutarate aminotrans-
ferase, EC 2.6.1.1), and lactate dehydrogenase
(LDH) (L-lactate: NAD oxidoreductase, EC
1.1.1.27) in tissue were determined using the method
of Oliver," Karmen et al,'' and Wroblewski and
LaDue!? respectively. Serum chemistry (total
protein, albumin, total bilirubin, ASAT, alanin
aminotransferase, alkaline phosphatase, LDH,
cholinesterase, CK, amylase, glucose, total lipid,
phospholipids, total cholesterol, high density
lipoprotein cholesterol, triglyceride, free fatty acids,
blood urea nitrogen, creatinine, uric acid) was deter-
mined by Hitachi H-736 autoanalyser. Tri-iodo-
thyronine, thyroxine, and thyroid stimulating hor-
mone in serum were determined by radioimmuno-
assay.

For in vitro studies, homogenates of the brain from
male Wistar rats were suspended in 20 mM NaHCO,
(0-33 mg/ml) with or without 10 mM dithiothreitol
(DTT) and were bubbled with N, (100%,), CO,
(99-5%,), and EO (EO 20 Wt%,, CO, 80 Wt%,) gas for
two minutes. After being placed on ice for 30
minutes, the activity of CK was determined. For the
determination of ASAT and LDH, homogenates of
rat brain were made thus: 1:0 mg/ml for ASAT and
3-3 mg/ml for LDH.

Crystalline CK from rabbit muscle (1 mg/ml) was
dissolved in 20 mM NaHCO, and bubbled with EO
gas for three, 10, 30, and 60 seconds. After standing
on ice for 10 minutes, the amount of sulphydryl
groups and CK activity were determined. The sul-
phydryl group was measured by the method of
Ellman using cysteine as the standard."

e protein was measured by the method of
Lowry et al." Statistical differences were examined
by Student’s ¢ test.

Results

IN VIVO STUDIES

Body weight did not differ between exposed and
control groups. The exposed rats began to show
ataxic gait at the sixth week of the experiment.

The CK activity in the serum was lowered by more
than 409, after 12 weeks of exposure (table 1). Serum
triglyceride levels decreased by 209, but no other
biochemical alterations were found (table 1).

The CK activity was also inhibited in brain, spinal
cord, and muscle after four weeks exposure but no
inhibition was found in ASAT and LDH from these
tissues (table 2). After 12 weeks exposure, CK
activity in the brain was more suppressed than after
four weeks.

After a single exposure (six hours), CK in the brain
was suppressed by approximately 10%,. The enzyme
activity recovered gradually with time (data not
shown).

Table 2 Effects of exposure to ethylene oxide on enzyme
activities in tissues (mean+ SD). (Number of samples in
each group in parentheses)

CK ASAT LDH
Brain:
Control (4) 315-9+10-8 72:1+1-6 136-5+6-7
Test (6) 232:0+4-5* 71-7£25 1365+ 46
Control (6)t 298-1+31-3
Test (6)t 203-2+21-0*
Spinal cord:
Control (4) 195:1+£9-5 40-8+2-3 63-4+1-4
Test (6) 150-8 £3-3* 40-0+1-5 63-6+2-8
Muscle:
Control (4) 1854-8+ 1755 61-8+5-7 202:6+22-3
Test (6) 1101-6+247-3*  59-4+82  219-5+329

The activities of CK (creatine kinase), ASAT (aspartate
aminotransferase), and LDH (lactate dehydrogenase) are
expressed in terms of international unit/g tissue, Karmen unit/mg
tissue, and Wroblewski unit/mg tissue, respectively.

*Significantly different from the control (p < 0-001).

tThe organs were obtained after 12 weeks exposure. All other
organs were obtained after four weeks exposure.
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Table 3 Effects of N,, CO,, and ethylene oxide on creatine
kinase activity in brain homogenate

Activity Per cent
(1U[mg prot) inhibition
Control 2:56+0-02 —
+ 10mM DTT 2:63+0-04 -27
+ N, 2:61+0-02 -20
+C02 2:38+0-03 70
+EO 0-34+0-04 86-7
+EO + 10mM DTT 041+0-02 84-0

Homogenates of the rat brain (0-33 mg/ml) with or without
dithiothreitol (DTT) were bubbled with N,, CO,, or EO gas for
two minutes and CK activity was determined. Each value is the
mean + SD of three experiments.
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Effects of ethylene oxide on sulphydryl group (O ) and
enzyme activity (@ ) of purified CK. Crystalline creatine
kinase from rabbit muscle dissolved in 20 mM NaHCO,
(1 mg[ml) was bubbled with EO gas for three, 10, 30, and 60
se . Control experiments (0 sec) were done in same
manner without bubbling EO. Sulphydryl (SH) group and
CK activity were determined in duplicate and triplicate,
respectively.

IN VITRO STUDIES

CK activity in the brain homogenate was not affected
by bubbling with N,. Exposure to CO, caused a slight
suppression of CK activity but EO inhibited CK
activity considerably (table 3). No inhibition was
found in ASAT activity (98-2 + 2-99%, of control,
n=3) and LDH activity (97-6 + 1-1%, of control,
n=3) when the brain homogenate was exposed to
EO.

The inhibition of CK activity by EO was not
counteracted by 10 mM DTT (table 3). The sul-
phydryl groups in purified CK were considerably
decreased by brief exposure to EQ. Nevertheless, the
decrease of CK activity was much less than that of the

sulphydryl groups (figure).

Discussion
Because of its high explosiveness, EO is usually
mixed with CO, in sterilising processes,'* and it was
in the present study. Our in vitro experiments,
however, showed that the inhibition of CK was not
influenced by CO,.

In cases of EO polyneuropathy routine laboratory
studies are reported to be normal."* In a cross

Matsuoka, Igisu, Inoue, Hori, Tanaka

sectional study of workers with potential
occupational exposure to EO, haematological and
biochemical studies (total bilirubin, alkaline phos-
phatase, LDH, ASAT, alanine aminotransferase, y-
GTP, BUN, and serum creatinine) showed no sig-
nificant difference between the potentially exposed
and unexposed groups.'® In these studies little atten-
tion was paid to CK activity. We found that exposure
to EO causes suppression of serum CK activity,
whereas none of the other serum enzymes we
examined was inhibited. It is well known that serum
CK activity is affected by thyroid status; serum CK
activity decreases in hyperthyroidism and increases
in hypothyroidism. After 12 weeks exposure,
however, there were no alterations in serum tri-
iodothyronine, thyroxine, and thyroid stimulating
hormone, showing that thyroid function was not
impaired by exposure to EO. Furthermore, our in
vitro study indicated that EO can attack CK directly.

The level of ATP seems to be important to
maintain normal function of the nervous system. For
instance, fast axonal transport, which delivers essen-
tial materials to different parts of the nerve cells, is an
energy (ATP) requiring process' and the ATP levels
in tissues are partially conserved by CK with phos-
phocreatine as the phosphate donor.'® Therefore, if
CK activity is inhibited, it may cause dysfunction of
the nervous system. We cannot conclude, however,
that the inhibition of CK activity is the sole cause of
encephalopathy or neuropathy because there is a
possibility that EO impairs other important
enzyme(s) or structure(s) in the nervous system.

CK has cysteine residues in its active site.® In our
in vitro study EO induced inhibition of CK was not
counteracted by DTT, a protective agent for sul-
phydryl groups. This is in contrast with the suppres-
sion of the effects of acrylamide or methyl n-butyl
ketone by DTT.? There is, however, a possibility
that EO acted on residues other than cysteine.
Though EO decreased the amount of sulphydryl
groups considerably, CK still retained its activity.
Thus it appears that the sulphydryl groups that were
attacked by EO may not be concerned directly in the
catalytic action of CK.

To monitor human exposure to EO, measurement
of the haemoglobin-histidine alkylation product,
N'-(2-hydroxyethyl)histidine has been proposed,’*
although the background level of this product
apparently limits the sensitivity.? Among the
enzyme activities examined, CK activity was the
most sensitive to EO. Since the concentration of EO
used in our experiment was high, however, further
studies are necessary to determine whether or not CK
activity may be used clinically as an indicator of EO
intoxication.
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