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ABSTRACT

AIM To study the effects of fructose-1 6-diphosphate

FDP on delayed cerebral injury in mice from subacute
METHODS Mice
were exposed to CO 100 mL/kg ip once a day conti-

carbon monoxide CO exposure.

nously for 7 d. After 7-d CO-exposure mortality of
mice changes in learning ability and memory using pas-
sive avoidence test the pathomorphologic observation of
brain tissue slices and changes in monoamine oxide
MAO -B activities in cerebral tissue were studied.
FDP was administrated 30 min before CO-exposure every
RESULTS the preadministration of FDP

markedly decreased the mortality of mice

time.
almost re-
versed the impairment of learning and memory function

prevented the cells from delayed death in hippocampal
neurons and blunted the rise in MAO-B activity after sub-
CONCLUSION FDP
pretreatment markedly prevented mice from delayed en-

acute CO poisoning of mice.

cephalophathy after CO poisoning.

INTRODUCTION

Fechter et al ' established a cochlea impairment an-
imal model induced by carbon monoxide CO ip in rats.
carboxyhemoglobin  HbCO  rapidly
>40 % 30 min after CO ip 35
mL/kg and cochlea impairment was obvious.

In his research
reached peak levels
Based on
the model Liu Y er al > investigated the protective ef-
fect of MK-801 against hearing loss induced by CO.
Compared with CO-inhale poisoning model this model

in which CO was injected ip is simple safe and accu-
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rate. Recently we have developed a delayed cerebral in-

jury model by exposing mice to CO 100 mL/kg ip * .
Exposure to CO produced relatively rapid impairment of
learning and delayed amnesia.  Histological studies
showed that there was significant neuronal death in the
CAl CA2 or CA3 layer in hippocampus after CO-ex-
posure .

Fructose-1 6-diphosphate FDP

fector that modulates the activities of several enzymes tak-

is an allosteric ef-
ing part in glucose metabolism. In previous studies
FDP had a protective effect against cerebral ischemic in-
jury .
against cerebral damage induced by CO is still unknown.
We designed the present study to clarify the effects of

However whether FDP has protective effects

FDP on cerebral injury in subacute CO poisoning in
mice.

MATERIALS AND METHODS

Animals Male mice of the I NIH strain
by Laboratory Center Chongqing University of Medical
24301042 with weight 18 — 22
g aged 7 wk were used.

supplied

Sciences Certificate No
They were kept in a regulat-

ed enviroment 23+1 C 50 % +2 % humidity ~ with
12 h light/dark cycle light on 8:00 am —8:00 pm .
Protocol Mice were divided into 3 groups a In

air control group mice were administrated ip air 100
mL/kg once a day continously for 7d b In CO-ex-
posure group mice were injected ip CO 100 mL/kg

In FDP treated
group FDP 300 mg/kg was injected ip 30 min before

once a day continuously for 7d ¢

CO-exposure.

Mortality measurement
recorded during the period of 7-d CO-administration and
another 7 d without CO ip.

Evaluation of learning ability and memory
function The step down type passive avoidence task

The mortality was

was utilized as previously described ® . Briefly mice
were trained to learn avoiding electric stimulus ES 36

V . Each mouse was placed on the grid floor with its
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back against the platform the intermittent ES was deliv-
ered to grid floor. If the mouse could immediately jump
on the platform to avoid the ES when delivered we con-
The

number of trainings required for mice to learn to avoid the

sidered that the mouse had learnt avoiding the ES.

ES was recorded as a standard to evaluate ability of
study. The retention test was carried out 24 h after train-
ing. When each mouse was placed on the platform in-
The step

An upper cut-off

termittent ES was not applied to the grid floor.
down latency SDL was measured.
time of 300 s was set.

Histology °
tion of sodium pentobarbital 50 mg/kg ip mice were
perfused transcardially with 100 mL of 0.9 % saline con-
taining heparin 250 U followed by a solution 100 mL
containing 3.5 % formaldehyde and 0.9 % saline in
phosphate buffer 0.1 mol/L pH 7.2 .
removed and kept in the same fixative solution for 2 — 7

After being anesthetized with solu-

The brains were

d. Coronal sections of 4 pm in thickness from brain tis-
sue were selected. The sections were stained by HE.
MAO-B activities of brain tissue > The
brain tissue was homogenized with 10 volumes vol:wt=
10:1 of ice-cold sucrose 0.32 mol/L buffered with
sodium phosphate 10 mmol/L.  pH 7.4 . The ho-
The
supernatant was again centrifuged at 1500 x g for 10

mogenates were centrifuged at 600 x g for 10 min.
min. The precipitate was suspended in buffer solution as
described above. Then the solution was again cen-
trifuged at 15000 x g for 10 min. The precipitate was
diluted with phosphate buffer 10 mmol/L. pH 7.4 and
incubated with benzylamine the specific substrate for
MAO-B at 37 C for 20 min in total volume of 0.8 mL

the reaction was terminated by adding 0.2 mL of HCI 1
mol/L.. The metabolite benzyaldehyde was extracted
by vigorously shaking with 3 mL of cyclohexane for 1
The solution was stored at 4 C for 24 h. The
e = 14000 L

min.
upper phase was measured at 242 nm
mol™* em™!.

Statistical analysis The data for the mortality of
mice were expressed as percentage. Difference between
the groups was evaluated using Chi square X2 test the
other data were expressed as X + s difference between

groups was evaluated using 7 test.

RESULTS

Mortality in mice No mice died in air group
during the 14-d exposure. However a high mortality

65.6 % and a high total mortality 84.4 % were ob-

served in CO group during d 7 and d 14 respectively.
The administration of FDP 30 min before CO-exposure
reduced both the mortality 25.0 % and 50.0 % atd 7
and d 14 respectively Tab 1 .

Tab 1. Effects of FDP on mortality induced by CO in
mice. °P<0.01 vs air group °P<0.05 vs CO group.
Mortality
d7 d8-d15 Sum of 15 days
Air 0% 0/15 0% 0/15 0% 0/15
CO 65.6% 21/32°¢ 18.8 % 6/32 4.4 % 27/32 ¢
FDP 25.0 % 8/32 ¢ 25.0% 8/32 50.0% 16/32 °

Effects of FDP on subacute learning ability
and memory disorder in CO intoxicated mice
Number of trainings required to learn to avoid the ES of
FDP-treated mice was lower than that of CO-poisoned
mice. The difference was not significant compared with
air control group Tab 2 . Similarly the step down la-
tency SDL of CO + FDP mice was obviously longer
than that of CO-treated mice on the first 6 days after last
The results showed that FDP pre-treat-

ment 30 min before CO-exposure both relieved the im-

CO-exposure .

pairment of learning ability and ameliorated the amnesia
of mice induced by subacute CO intoxication Tab 3 .

Tab 2. Effects of FDP on deficiency in learning function
induced by CO poisoning. x+s. °P<0.01 vs air group.
fP<0.01 vs CO group.

Number of training n
Air 3.3x1.3 13
Cco 7.7+£1.4° 9
CO + FDP 4.1+1.2f 9

Effects of FDP on death of neuronal cells in
hippocampus On d 7 after CO exposure the deaths of
neuronal pyramidal cells in hippocampal CA1 CA2 and
CA3 subfields were significant in CO poisoning mice
and the layer of pyramidal cells in CA1 CA2 and CA3
subfields became thinner than that in non-CO-treated
group.
hippocampus were obviously decreased in FDP pre-treated

However the neuronal cell death and loss in
group Fig1 .

Effects of FDP on changes of MAO-B activi-
ties in CO poisoning mice Activities of MAO-B
from subacute CO poisoning mice 8.5+ 1.2 obviously
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Tab 3. Effects of FDP on amnesia induced by subacute CO poisoning. x +s. °P<0.05 °P<0.01 vs air group.
P <0.01 vs CO group.

Step down latency/s

n d1 d2 ds3 d4 ds de d7

Air 13 205+ 17 205+ 17 269 + 71 156 + 123 132+ 112 140 + 127 108 + 124
Cco 7 196+ 132° 123 +134¢ 99 + 135° 77+£126 72+ 129 74+ 128 62 +181
CO + FDP 8 300 + 0 296 + 26 299 + 98f 300 + 0 259 + 136 251 + 110° 255+ 110

100 AT

Fig 1. Effects of FDP on histological changes after CO poisoning. Air-treated group A . Delayed death of CA1l
CA2 and CA3 pyramidal cells in hippocampus 7 d after CO-exposure B . There is no death of hippocampal neuronal
cells in FDP-treated group left hemisphere C . Right hemisphere D . Micrographs of 4-uym coronal sections of
the HE-stained hippocampus x 130.

increased compared with that of air-treated mice 3.8+

DISCUSSION
0.8 . FDP pre-administration obviously blunted the in-
crease of MAO-B activities induced by subacute CO poi- Carbon monoxide CO poisoning still represents a
soning Tab 4 . frequent and serious casualty in the world. Until recently

the hyperbaric oxygen HBO was one of the most im-
Tab 4. Effects of FDP on MAO-B activity in subacute CO  portant therapeutical intervention for CO poisoning.

E);)is%ni(;lsg incn(l)ice. x*s. P<0.01 vsair group  Geperglly HBO is the first choice of treatment for CO
DS group- poisoning to decrease mortality and avoid occurrence of

MAO-B activity smol/g protein " serious disorders and delayed sequel. However the

clinical application of HBO therapy is limited because of

Air 3.8+0.8 9 its expense need of specific equipment including a multi-
CO 8.5+1.2° 7

place hyperbaric chamber specific educational program

CO + FDP ¢ 6
+ 5.3+0.5 and training for person employed in the clinical hyperbaric
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center. Furthermore if the operation is not correct se-
rious side reactions of HBO such as oxygen poisonging
etc may happen.

In this paper we established a CO-poisoning model
in mice and tried to find a useful drug to treat CO poison-
ing. Our experimental results showed that there was a
high mortality and high total mortality in subacute CO in-
toxicated mice. Subacute CO poisoning could result in
learning ability and memory disorders. The neuronal cell
loss and death in hippocampus from CO-poisoning mice
After CO-exposure the MAO-B activi-

ty of brain tissue significantly increased compared to air-

was significant.
treated mice. These results exhibit that the experimental
model developed by our method is successful and reli-
able. Compared to CO inhalation
model is simple safe and reliable.

our experimental
It can be an effec-
tive model to illustrate the mechanisms of delayed injury
caused by CO poisoning and help to find pharmacological
interventions to control it.

Our experimental results also show that FDP pre-ad-
ministration decreased the mortality improved the im-
pairment of learning and memory function prevented
hippocampal neurons from death and blunted the rising of
These

results indicate that FDP exerts a significant protective ef-

MAO-B activities from subacute CO poisoning.

fect against CO poisoning. The mechanism of these ef-
fects of FDP is still unknown. It is well known that al-
though exogenous administration of FDP does not appear
to cross the cell membrane however available evidences
indicate that its main mode of action is via an interaction
with the cell membrane and stimulation of phosphofruc-
tokinase activity followed by increase in ATP content.
In conclusion FDP can be developed as an effective pro-
tective agent in CO poisoning.
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