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Evidence of Memory Improvement by Phosphatidylcholine
Supplement at Fetus and Neonate

~ Studies of Basal Forebrain Cholinergic Neuronal Activities —

Chcon, Young Hee - Chang, Yu Kyung* - Baik, Tai Kyoung

Department of Anatomy and Neuroscience, Eulji Medical University, Taejon 301-211, Korea
Department of Food and Nurrition,™ Hanyang University, Seoul 133-791, Korea

ABSTBACT

To investigate the cffect of dietary phosphatidylcholine(PPC) supplement on memory improvement, biochemical study on the
brain, and morphometric studies on the cholinergic neurons in the rat basal forebrain were undertaken. The pregnancy rats were
divided into the normal control, the choline deficient and the PPC supplemental groups according to quantity of the PPC in diet.
According to choline deficiency and PPC supplement after birth, the neonate rats of the normal control group were subdivided into
the control diet(N-N) and the PPC supplied(N-S) groups, the choline deficient group were subdivided into the continually deficient
(D-D), the control diet(D-N) and the PPC supplicd groups(D-S), and the PPC supplemental group were subdivided into the
control dict(S-N) and the continually supplied(S-S) groups. The PPC supplemented diet was added 2% cgg PPC in AIN 76 formula
diet. PPC concentrations and cholinesterase(CE) acrivities were measured in the serum, the liver and the brain, respectively.
Immunohistochemical stains for choline acetyltransferase(ChAT) was employed for the morphological and morphometric studies.
The maze test was undertaken to evaluate memory improvement. PPC concentration and CE activides in the serum, liver and the
brain were high in the PPC supplemental groups and low in the choline deficient groups. ChAT immunoreactivity neurons at the
medial septal diagonal band complex and the basal forebrain nucleus of Meynert were reduced in the choline deficient groups.
Average failure rate for the maze test was the lowest in the S-S group and the highest in the D-T) group. Insufficient choline supply
during the neuronal development would result in cholinergic neuronal damage, which could be prevented by adequate PPC
supplement. It is consequently suggested that PPC supplement may be effective on memory improvement by maintaining the
cholinergic neuronal activity in the basal forebrain of the rats. (Korean J Nutrition 32.(8) : 864~869, 1999)
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Table 1. Composition of formula diet

N-N N-§ D-D D-N D-§ §-N 55
Casein 200 200 200 200 200 200 200
Com starch 500 500 500 500 500 500 500
Sucrose 150 150 150 150 150 150 150
o-cellulose 50 50 50 50 50 50 50
Qil 50 50 50 50 50 50 50
Vitamin mixtute 10 10 10 10 10 10 10
Mineral mixture 35 35 35 35 35 35 35
DL.-methionine 3 3 3 3 3 3 3
HH2143h
Choline chloride 2 2 0 0 0 2 2
PidC" 0 0 0 0 0 33 33
RGBT
AR 4T
Choline chloride 2 2 0 2 2 2 2
PtdC 0 33 0 0 33 0 33

1) Egg PtdCiL-a-Lecithin: 1, 2-Diacyl-sn-glycero-3-phosphocholine):

= 60%, sigma Co.
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Fig. 1. Diagram of the maze.
Table 2. Weight gain and brain weight
Weight gain(gm/day) Brain weight

N-N 5.27 +£ 0.75° 1.84 & 0.035%
N-§ 5.32 + 0.34° 1.78 % 0.040™
D-D 2.88 £+ 0.58" 1.52 + 0.049°
D-N 254 + 0.36° 1.66 + 0.038%
D-§ 291 + 0.31° 1.58 + 0.042
S-N 5.17 + 0.89° 1.70 £ 0.014%
55 4.88 + 0.59° 1.74 £ 0.065*
1) Mean = S.E

2) Values with different alphabet within one variable were significa-
ntly different at o = 0.05 by Turkey's multiple range test
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Table 3. Phosphatidylcholine concentration in serum, liver and br-
ain of rats

Serum PPC Liver PPC Brain PPC
(mg/ml) (mg/g) (mg/g)

N-N  53.51 £ 6.89"* 859 + 1.04° 19.73 £ 117
N-5 57.68 + 8.43" 9.51 £ 0.77° 21.35 £ 1.50™
D-D 3256 + 1.95 7.36 + 1.07¢ 18.11 + 2.65°
DN 41.59 x 7.85™ 797 + 0.67¢ 19.14 + 0.82°
D-§ 53.32 + 8.02" 7.87 £ 098 19.73 + 0.68°
SN 5439 £ 234" 20.52 4 2.47* 24.16 = 1.38%
55 56.94 + 583 21.16 = 1.88° 26.64 + 135"

1) Mean + SE
2} Values with different alphabet within one variable were significa-
ntly different at o = 0.05 by Turkey's multiple range test

Table 4. Cholinesterase activity in serum and brain of rats

Serum CE Brain CE
(mM/min/mg protein) (mM/min/mg protein)
N-N 317 £ 033" 1272 £ 1.93
N-5 3.29 £ 0.3 15.68 + 2.30
D-D 3.04 £ 0.28 9.32 £ 0.59
D-N 3.18 £ 034 1147 + 0.59
D-5 3.23 £ 037 1215 £ 1.27
S-N 3.31 £ 0.38 15.61 = 1.61
S-S 391 4+ 0.80 15.92 + 1.96

1) Mean £ 5.E
2) Values with different alphabet within one variable were significa-
ntly different at o. = 0.05 by Turkey's multiple range test
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Table 5. Quantitative scanning of choline acetyltransferase immunoreactivity in rat basal forebrain

MSDB complex”' BNMY

Number Cell size(um™ Number Cell size(um?)
N-N 115.0 - 10.78%%* 1.09 + 0.13 92.50 + 2.50° 1.69 + 0.085
N-5 142.3 + 33.12* 1.30 = 0.1 8§7.13 = 4.3° 167 £ 0.130
D-D 69.5 + 13.50° 112 = 0.07 3825 — 397° 1.49 £ 0.055
D-N 74.0 £ 2.52° 1.04 £ 0.16 77.50 = 11.00" 1.56 + 0.056
D-5 99.9 + 19.31 1.20 = 0.07 9250 + 2.50° 1.57 + 0.180
S-N 175.8 + 19.68* 1.04 + 0.12 105.75 + 12.98° 1.75 % 0.074
55 191.8 + 29.04" 1.18 £ 0.17 106.60 + 6.31" 1.76 = 0.095

1) Medial septal nuscle & diagonal band complex 2) Basal nucleus of Meynert 3) Mean £ SE

4) Values wilh different alphabet within one variable were significantly different at o = 0.05 by Turkey's multiple range test

Table 6. Failure times in maze test

1 week 2 weeks 3 weeks 4 weeks Total average
N-N 1.3 + 0.267 1.5 £ 0.22 13 = 0.26 0.8 £ 0.36 1.25 £ 0.14%*
N-5 C 13+ 042 1.0 £ 0.30 04 £+ 0.16 0.7 + 0.26 0.85 + 0.15°
D-D 1.8 + 0.44 1.5 £ 0.27 1.2 £ 0.25 1.1 £ 023 140 + 0.16°
D-N 1.6 £ 0.27 1.2 =039 1.3 £ 0.26 1.0 + 0.26 1.27 + 0.15*
D-§ 1.3 + 045 0.9 + 0.38 07 £0.26 0.8 £ 025 093 = 0.17*
5-N 1.2 £ 0.33 0.9 + 0.35 1.3 =048 0.5 +0.29 1.00 + 0.19*
55 0.5 + 0.50 1.5 +0.29 0.5 + 0.29 0.8 & 048 0.81 + 0.21°

1) Mean + S.E

2) Values with different alphabet within one variable were significantly different at a = 0.05 by Turkey's multiple range test
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