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ENDOGENOUS CARBON MONOXIDE PRODUCTION IN
ALLOXANIZED RATS

Takehito Takano, Keiko Honma and Hiroshi Maepa*?

ABSTRACT

The endogenous production of carbon monoxide (Vco) in thirty-three diabetic rats induced
by alloxan and in fifteen normal rats was measured by serial determinations of the expired
carbon monoxide and of the increase of carbon monoxide in the blood during rebreathing in

a closed system.

Vco (mean = S.E., ul/250g/hr) in the group of alloxanized rats 24, 48, 72, 96, 120 and
over 144 hours after the alloxan injection was 6.2 =29, 84 = 2.1, 9.2 = 1.8, 10.7 £ 3.5,
16.4 = 2.0 and 16.5 £2.2, respectively, whereas it was 5.9 = 0.4 for the control.

This indicates that the alloxanized group maintaining a high blood sugar level for over
120 hours has a three-fold higher Vco than the control.

INTRODUCTION

In the late 1940’s, it was shown by Sjo-
strand? that carbon monoxide (CO) is pro-
duced endogenously in the normal adult dur-
ing heme catabolism.

Concerning the various conditions of heme
degradation (Lynch et al.?, Mercke et al.®),
effects of several substances on heme dyna-
mics (Lundh et al®, Landaw et al.») and
the disorders of hematopoietic system (Co-
burn et al.®, Maisels et al.”), numerous
studies have been done to date, and the
methods of accurately measuring the CO
production in vivo have been developed
(Coburn et al®®, Ostrander et al.®). But,
there are no studies about Vco in metabolic
disorders.

On the other hand, it has been reported
that the blood carboxyhemoglobin (COHb)
percent concentration ([COHb]%) was in-
creased in the patients with diabetes mellitus
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(Belli et al*¥, Crosetti et al.*®, Giubileo et
al®® and a similar result was confirmed by
our study (Takano et al.'®). However, it
is entirely unknown whether the origin of
the increased CO in the blood is due to the
endogenous production or exogenous absorp-
tion.

The aim of this preliminary report is to
estimate the Vco in the alloxanized rats and
compare it with that in the normal rats.

METHODS

Thirty-three male Wistar rats weighing
about 250 g treated with alloxan (300 mg/
kg, i.p.) and fifteen male animals also treated
with 0.9% NaCl as the control were sub-
jected to the experiment.

Fig. 1 is a schematic illustration of the
closed rebreathing apparatus, in which the
rat is isolated from the environmental air
and made to breathe for several hours. The
capacity of the circuit was 1.4 1 and it was
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Fig. 1. Schematic Illustration of a Closed Re-
breating Apparatus

filled with oxygen and nitrogen by an air bag
to keep the gas volume in the circuit con-
stant.

The experimental procedure was as fol-
lows: The rat was put in the apparatus, and
after an equilibration period of 20 minutes
in the rebreathing system gas samples (11)
were drawn every 2 hours. The duration of
rebreathing time varied from 2 to 8 hours.
Blood CO levels before the rebreathing ex-
periments were estimated from the two addi-
tional groups of rats under corresponding
conditions.

Veco was approximated by the sum of the
excreted pulmonary CO and the increased
CO in the blood. The expired GO was col-
lected in the air bag and measured by a
nondispersive infrared gas analyzer. The
evaluation of the GO volume percent in the
blood was performed according to the meth-
od of Lawther and Aptorp®®.

Blood sugar was measured according to the
method of Hyvérinen and Nikkilz!®,

ResuLTs

Fig, 2 shows the relation of Vco and the
time course after the alloxan injection. Vco
(mean = S.E., p1/250/hr, at 0°C, and 0%
R.H. of the atomosphere) in the group of
alloxanized rats 24, 48, 72, 96, 120 and over
144 hours after the injection was 6.2 == 2.9,
8.4 + 2.1, 9.2 + 1.8, 10.7 = 3.5, 16.4 = 2.0
and 16.5 = 2.2, respectively, whereas it was
5.9 == 0.4 for the control.

As can be seen in Fig. 3, the alloxanized
group maintaining a high blood sugar level
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Fig. 2. Relation of Endgenous Carbon Monoxide
Production (Vco) and Time Course After
Alloxan Injection

Table 1. Endogenous Carbon Monoxide Produc-
tion (Vco p1/250g Body Weight): Control
Rats and Alloxanized Rats Over 120 Hours

Veo p4 250 g body weight

Rebureathing
hours Control Alloxanized P
2 11.94-0.7 33.244.2 <0.01
4 20.34-2.1 61.44 9.9 <0.01
6 36.04-4.1 89.9413.7 <0.01
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Fig. 3. Endogenous Carbon Monoxide Produc-
tion (Vco) During Rebreathing: Alloxanized
Rats Over 120 Hours After Injection (Filled
Circles) and Control Rats (Open Circles)

for over 120 hours showed a significantly
higher Vco than the control (p<<0.01). De-
tailed figures are shown in Table 1.

As shown in Fig. 4, in both the normal
and alloxanized groups, the blood CO level
(mean = S.E., p1/10ml) increased signifi-
cantly by the maintainance of rebreathing,
that is 4.9 = 0.3 at 0 hour and 5.4 == 0.4 at
4 hours after rebreathing for the control and
7.1 = 0.4 at 0 hour and 7.9 = 0.3 at 4 hours
after rebreathing for the alloxanized group.

The blood sugar level (mean =+ S.E., mg/
dl) at the end of rebreathing was 455.5 +
34.8 (ranging from 298.3 to 665.0) in the
alloxanized group and 111.1 +2.8 in the
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Fig. 4. Blood CO Levels Before and During Re-
breathing: Alloxanized Rats Over 120 Hours
After Injection (Filled Circles) and Control
Rats (Open Circles)

control group. However, there was no sig-
nificant correlation between the blood sugar
and Vco levels.

Discussion

It was indicated in the present study that
Vco is increased in the alloxanized rats com-
pared with the normal rats.

According to the established theory that
endogenous CO originates not from the other
substances but from the alpha bridge carbon
atom of heme (Coburn et al.17), it could be
said that a certain acceleration of heme cata-
bolism seems to occur in the diabetic rats
induced by alloxan.

However, considering the fact that the al-
pha bridge carbon atom forms formyl once
during heme degradation (Nakajima et
al’®), and the publication reporting that
L-dopa produces CO in the biological en-
zymatic reaction to melanin in vitro (Miya-
hara et al.'®), it could be implied that there
are some possibilities that, there are other
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metabolic pathways which produce CO in a
diabetic body.

The question as to whether [COHb]% in
alloxanized rats with a high Vco could reach
levels associated -with CO toxicity has not
been completely answered. Nevertheless,
there are too many places with a consider-
ably high CO concentration because of en-
vironmental pollution, and, in addition, aor-
tic intimal injury and/or ultrastructual myo-
cardial damage have been found under hy-
poxia due to the expossure to a rather low
level of CO in rabbits (Thomsen et al2?,
Kjeldsen ez al.2V). Accordingly, patients who
produce endogenous GO excessively and can-
not excrete this harmful waste substance
promptly seem to suffer from a high risk of
cardiovascular diseases due to both external

and internal environmental conditions.
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