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Effects of Cholinesterase Inhibitors on Neuronal Injuries in
Primary Cultured Rat Cortical Cells

Hyang Dok Go, Kwang Heun Lee and Jungsook Cho*
College of Medicine, Dongguk University, Kyongiu, Kyongbuk 780-714

Abstract — Alzheimer's disease (AD) involves neuronal degeneration with impaired cholinergic transmission, particularly
in areas of the brain associated with learning and memory. Several cholinesterase inhibitors are widely prescribed to ame-
liorate the cognitive deficits in AD patients. In an attempt to examine if tacrine and donepezil, two well-known cho-
linesterase inhibitors, exhibit additional pharmacological actions in primary cultured rat cortical cells, we investigated the
effects on neuronal injuries induced by glutamate or N-methyl-D-aspartate (NMDA), B-amyloid fragment {Aps.35), and var-
ious oxidative insults. Both tacrine and donepezil did not significantly inhibit the excitotoxic neuronal damage induced by
glutamate. However, tacrine inhibited the toxicity induced by NMDA in a concentration-dependent fashion. In addition,
tacrine significantly inhibited the A s 55-induced neuronal injury at the concentration of 50 uM. In contrast, donepezil did
not reduce the NMDA- nor A ys 35-induced neuronal injury. Tacrine and donepezﬂ had no effects on oxidative neuronal inju-
ries in cultures nor on lipid peroxidation i wvitro. These results suggest that, in addition to its anticholinesterase activity,
the neuroprotective effects by tacrine against the NMDA- and A g5 35-induced toxicity may be beneficial for the treatment
of AD. In contrast, the potent and selective inhibition of central acetylcholinesterase appears to be the major action mech-
anism of donepezil.
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Fig. 1 - Effects of tacrine and donepezil on the glutamate (A)- or
NMDA (B)-induced excitotoxic neuronal injury in primary
cultured rat cortical cells. Cultures were exposed for 15
min to 300 uM glutamate or NMDA in Mg®*-free HCSS in
the presence of various concentrations of tacrine or
donepezil, and maintained at 37°C in MEM supplemented
with glucose. LDH activities released from the damaged
neurons into the culture media were measured at 20 h after
the exposure. Data were calculated as percent of control
LDH activity released into the glutamate- or NMDA-
treated culture medium, respectively. Each point represents
the mean * S.D. from 4-6 measurements.
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Fig. 2 — Phase-contrast photomicrographs of rat cortical neurons (12 days in culture). Cultures were treated as described in Fig. 1. (a) Control-
treated culture in Mg?*-free HCSS; (b) Sister culture exposed to 300 pM NMDA; (c and d) Sister cultures exposed to 300 uM NMDA
in the presence of tacrine and donepezil (300 uM), respectively.
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Fig. 3 —Effects of tacrine and donepezil on the Aggys g5-induced
neurotoxicity in primary cultured rat cortical cells.
Cultures were exposed for 48 h to 25 UM Ags 35, in the
presence of the indicated concentrations of tacrine or
donepezil, and MTT assays were performed as described
in the Materials and Methods. Data were calculated as
percent of control-treated culture (Con). Each bar represents
the mean * S.D. from 3 experiments performed in 8
measurements. ***p<0.001 (compared with Ay 55 -treated
cultures by Student's t-test).
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Fig. 4 — (A) Effects of tacrine and donepezil on the H,0,-, Fe**-, and
Zn%*-induced toxicity in primary cultured rat cortical cells.
Cultures were exposed to 100 uM H,0, for 15 min, 200
uM FeCl, for 1h, or 100 uM ZnCl, for 1h in the presence
of 50 pM tacrine or donepezil. After 20-24 h of the
exposure, LDH activities were measured as described in
the Materials and Methods. Data were calculated as
percent of control LDH activities. Each bar represents the
mean ¥ S.D. from 4 measurements. (B). Effects of tacrine
and donepezil on the formation of lipid peroxides. Rat
forebrain homogenates, FeSO,, ascorbic acid, and the
indicated concentrations of tacrine or donepezil were
incubated and percent inhibition of lipid peroxidation was
determined by colorimetric measurements at 532 nm as
described in the Materials and Methods. Each bar
represents the mean * S.D. from 3 experiments performed
in duplicates.
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