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239Ca-dependent activation of glycolitic ATP produc-
tion is a major contributor for the elevation of ATP level
during the early stage of apoptosis
M.V. Zamaraeva1,2,3!iR.Z. Sabirov 1,2, K. Manabe1, and
Y. Okada1 (1Department of Cell Physiology, National Insti-
tute for Physiological Sciences, Okazaki 444-8585, Japan,
2Department of Biophysics, National University, Tashkent
700095, Vuzgorodok, Uzbekistan, 3Department of Biophys-
ics, University of Bialystok, Bialystok 15-950, Poland)
We have shown earlier that the cells die with increased
cytosolic ATP, and elevation of cytosolic ATP level is a
requisite to the apoptotic cell death process, both
mitochondria-mediated and death-receptor-controlled ones
(Zamaraeva et al. Cell Death Differ. 2005, 12 : 1390-1397)9In
order to characterize the bioenergetic source of ATP in-
crease, we studied the effects of mitochondrial and glyco-
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lytic inhibitors on staurosporine(STS)-induced ATP eleva-
tion in HeLa cells. In the presence of an uncoupler of oxida-
tive phosphorylation, pentachlorphenol, or an inhibitor of
mitochondrial respiration, NaCN, the content of intracellu-
lar ATP dropped by about 50�, suggesting that mitochon-
drial ATP production is involved in maintaining the basal
levels of ATP within HeLa cells. Under the experimental
conditions where mitochondrial ATP production was sup-
pressed by either of these drugs, STS induced an increase
in intracellular ATP, which was comparable in magnitude
to that in control conditions without drugs. However,
when glycolisis was suppressed in the presence of a non-
metabolized analog of glucose, 2-deoxyglucose and an in-
hibitor of glyceralaldehyde-3-phosphate dehydrogenase,
iodoacetamide, we did not find any effect of STS on intra-
cellular levels of ATP. The STS-induced ATP increase
was accompanied by a substantial increase in the intracel-
lular free Ca2� concentration. A Ca-ionophore, ionomycin,
induced an increase in intracellular Ca2� and in intracellu-
lar ATP, whereas chelation of the extracellular Ca2� by
EGTA and of the intracellular Ca2� by BAPTA-AM com-
pletely abolished the effect of STS on the intracellular
ATP level. Based on these findings, we suggest that Ca-
dependent activation of glycolitic ATP production is a ma-
jor contributor for the elevation of ATP level during the
early stage of apoptosis. We suppose that mitochondria
have a minor, if any, contribution to the pre-apoptotic STS-
induced ATP increase in HeLa cells.
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34�An animal model of schizophrenia using primates
�C.V. Mao, E. Hori, R. Maior, T. Kobayashi, K. Umeno,

T. Ono and H. Nishijo (System Emotional Science, Gradu-
ate school of Medicine, University of Toyama)
Disturbances in social skills (e.g., avoiding social contact,
neglecting a surrounding environment, social isolation) are
the most pervasive aspects of schizophrenic patients. Neu-
ral mechanisms of these social deficits are still unclear.
However, there is no animal model of schizophrenia with
deficits in social behaviors in primates. The purpose of this

study is to establish a primate animal model of schizophre-
nia by using phencyclidine (PCP) and methamphetamine
(MAP) treatment. Four monkeys weighing 7 to 9kg were
divided into 2 groups ; control (n�2) and PCP groups (n�
2) . PCP group received chronic PCP treatment (0.3 mg�
kg�day, i.m. ) for more than 7 months. The PCP monkeys
sometimes received additional acute MAP treatment (2
mg�kg,i.m. ) (PCP�MAP group, n�2) . Monkey behaviors
were recorded by CCD cameras and analyzed automati-
cally by computer software and manually by visual inspec-
tion. Social behaviors were analyzed while each of 2 mon-
keys was put in both side cages that were connected to a
center cage. Non-social behaviors were analyzed while
monkeys were put alone in a single cage. The results indi-
cated that the PCP and PCP�MAP groups showed an in-
crease in stereotyped behaviors (e.g., moving left and right,
sitting and crouch) and a decrease in their own grooming.
On the other hand, social behaviors (e.g., approaching to,
leaving from, following, grooming with, and mounting on
other monkey) were less frequently observed in the PCP
than the control groups. The PCP group spent less time in
close proximity to other monkey than the control group.
Acute treatment of MAP with the PCP monkeys further
decreased frequency of social behaviors and time spent in
close proximity to other monkey. These results indicated
that chronic PCP and acute MAP treatment induced hu-
man schizophrenic-like abnormal social behaviors, and sug-
gest that these monkeys can be used for a primate animal
model of schizophrenia.
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