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Table 1  Primer list used in the present study
Target  Predicted Product Size (bp) Primer Sequences (5'-3")
FWD: GGG TGA TCT GTT CAC TCA GTT GAG
ChAT 669
REV: CTC TGG TAA AGC CTG TAG TAA GCC
FWD: AGC GGG CCT TTC ATT GAT CG
VAChT 814
REV: GGC GCA CGT CCA CCA GAAAGG
v 197 FWD: TCT GCT CAT CAG CTT TGA CCG
1 REV: CAT CCT CTT CCT CTT CTT CTT TCC
M 480 FWD: TGT CAG CAA TGC CTC CGT TATG
’ REV: GCC TTG CCA TTC TGG ATC TTG
M . FWD: CAC AGC CAA GAC CTC TGA CA
’ REV: ATG ATG TTG TAG GGG GTC CA
v 474 FWD: TCA AGA GCC CTC TGA TGAAGC C
! REV: AGATTG TCC GAG TCA CTT TGC G
FWD: GCT GAC CTC CAA GGT TCC GAT TC
M; 485

REV: CCG TCA GCT TTTACCACC AAT C

FWD, forward; REV, reverse.
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Fig. 1

Effects of DHA-PS on scopolamine-induced spatial memory impairment in the Morris water maze test

in mice. (A) The time-course of changes in the escape latency of reaching the platform. (B) Escape

latency of reaching the platform on day 10. Each column represents the mean with SEM of 7-9 mice.
#* p<0.01 vs. vehicle plus saline group. * p<0.05, * p<<0.01 vs. vehicle plus scopolamine group
(Student-Newman-Keuls multiple comparison test).
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Fig. 2 Effects of DHA-PS on scopolamine-induced cognitive impairment in the contextual fear conditioning
in mice. (A) The time-course of changes in the duration of freezing for 1 min in the test session. (B)
Duration of freezing for 6 min in the test session. Each column represents the mean with SEM of 12
mice. ** p<{0.01 vs. vehicle plus saline group (Student-Newman-Keuls multiple comparison test).

3A, vehicle plus scopolamine group vs. DHA-PS plus 4. A IR T I VIFREFHLERE I3 5 DHA-PS

scopolamine group, p=0.0081). F 7z, KK ERHTH WFENORYRIEH & e 5 & OB %
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p=0.3072). BRTTIC DHA-PS #5422 HEEMAR G5 T4 2 12 & o

T —HCEEMAFRD bz, 4 ARG L7
HEORF LD L5574 - 72 (Fig. 4B, vehicle plus scopolamine

group vs. PS-DHA plus scopolamine group, p=0.2291).
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Fig. 3

Effects of DHA-PS, DHA, PS and combination of DHA and PS on scopolamine-induced spatial

memory impairment in the Morris water maze test in mice. (A-D) The time-course of changes in
the escape latency of reaching the platform with treatment of DHA-PS (A), PS (B), DHA (C) or
combination of DHA and PS (D). Each column represents the mean with SEM of 12-14 mice. * p<<0.05,
** p<0.01 vs. vehicle plus scopolamine group (Bonferroni test).
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Fig. 4 Effects of non-pretreatment and pretreatment with DHA-PS for 2 weeks on scopolamine-induced

spatial memory impairment in the Morris water maze test in mice. (A) The time-course of changes in

the escape latency of reaching the platform with non-pretreatment with DHA-PS. (B) The time-course

of changes in the escape latency of reaching the platform with pretreatment of DHA-PS for 2 weeks.
Each column represents the mean with SEM of 7 mice. * p<<0.05 vs. vehicle plus scopolamine group

(Bonferroni test).
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Fig. 5

Effects of treatment with DHA-PS for 4 weeks on the expression of mRNA of molecules related to

acetylcholine neurotransmission in the mouse hippocampus. (A-C) The hippocampal mRNA levels
of ChAT (A), VAChAT (B), and muscarinic acetylcholone receptor (M; M, M; M, and Ms) (C). Each
column represents the mean with SEM of 9-12 mice.
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Improvement of learning and memory impairment by a docosahexaenoic
acid-phosphatidylserine complex in a scopolamine-induced
amnesia model in mice

Atsumi MOCHIDA-SAITO, Kazuya MIYAGAWA, Hiroko MIYAGISHI,
Kazuhiro KUROKAWA, Hidenao KIMIJIMA, Minoru TSUJI and Hiroshi TAKEDA

Abstract

Recently, the effectiveness of various nutrients or food components on dementia has received considerable attention as a
part of complementary and alternative medicine. The present study examined whether a docosahexaenoic acid-
phosphatidylserine complex (DHA-PS) could improve learning and memory impairment in a scopolamine-induced amnesia
model in mice. The results showed that DHA-PS improved learning and memory better than either DHA or PS alone. Under
the conditions at which DHA-PS improved learning and memory, notable changes in mRNA levels of acetylcholine synthase,
vesicular acetylcholine transporter and various muscarinic receptor subtypes in the hippocampus were not observed. These
results suggest that, although the detailed mechanism of the improvement of learning and memory is not yet clear, DHA-PS
may be useful for the development of new preventive and therapeutic methods for dementia.

Keywords : DHA-PS, learning and memory, acetylcholine, dementia, mice



