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Abstract: The combination of ginkgo ketoester tablet - donepezil (GD) is a popular combination commonly
used in clinic for the treatment of Alzheimer's disease. To evaluate the learning and memory improving ability of

Wk H #A: 2018-09-28;  1&[H H #A: 2018-11-20.

HETH: FRARERE RSB (81803699); V15574 H AR A4 B H (BK20171068); V17544 125 ¥ U5 b Ak i T2 i [R) 611355 o 0o T i Rt
(012092002006-4); VL7545 333 B2 R A AR B H (BRA2016387); VL34 w4 s R ¥ TAE R BhI5 H (PAPD).

*JH TEH Tel / Fax: 86-25-85811512, E-mail: zhouguisheng1@126.com;
Tel / Fax: 86-29-38184350, E-mail: 2051001 @sntcm.edu.cn

DOI: 10.16438/j.0513-4870.2018-0885



BkOHAE BET RN T AN 2 R BR SR G 1R B HRA R - 2 AR OR S AS [)  ET R AR T BT 7 - 661 -

different proportions of the two drugs. We optimized the ratio of GD for treatment of dementia using a mouse
model. Dementia was induced by multiple neuronal damages in mice. The experimental protocols were approved
by the Animal Experimental Ethical Committee of Nanjing University of Chinese Medicine and all the procedures
were strictly conducted in accordance with ethical principle of animal use and care. Morris water maze, brain
hematosylin-eosin staining and the changes of the neurotransmitters and related enzymes in the plasma or brain
tissues were tested to determine the effect of GD on dementia mice. The results showed that the dementia
mice were significantly different from the normal group in terms of behavior, pathological sections and related
indicators. Compared to the dementia mice, partial administration groups could improve learning and memory
ability as well as indexes in the blood and brain tissues. Both the principal component analysis and multi-attribute
comprehensive index methods were used to comprehensively evaluate the total effect of GD on anti-dementia. The
results showed that the combination of two drugs at the dose of 0.5 to 1 times was in a dose-effect relationship, and
the dose of 1 (the clinical equivalent) had the best treatment effect. Then based on the optimal dose, GD 1:1
had best effect, which was consistent with the clinical use of two drugs. This provides scientific basis for more
effective application of the compatibility between ketoester tablet and donepezil for modern clinic medicine.
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Table 1 Effects of behavioral indicators of Morris water maze in dementia mice after ginkgo ketoester tablet - donepezil (GD) combina-

tions. After administration, the orientation navigation and space exploration tests were conducted. The latency to reach the platform, swim

distance and the number of platform location crossing were film recorded by a camera, mounted above the center of the water maze. The

results showed that the ability of spatial learning and memory of model mice had dramatically decreased and recovered after administration.

n=6-10, x £ 5. "P<0.05, *P<0.01 vs C; "P<0.05, “P<0.01 vs M. C1: Normal group in different dose experiment; M1: Model group in

different dose experiment; C2: Normal group in different proportion experiment; M2: Model group in different proportion experiment

Group Escape latency/s Platform crossing Third quadrant time/s Third quadrant distance percent
Cl 18.75+5.05 5.60+1.17 22.71 +£5.81 26.13 +£4.87
Ml 30.79 + 6.72% 3.56 + 1.24" 17.75 +3.25% 19.92 + 4.36"
D 24.14 + 6.85 4.30+0.95 20.88 £ 5.46 23.17+6.54
G 22.11 £ 4.57" 4.50+1.08 17.23 £2.25 17.07 +4.50
GD 0.5% 20.77 £5.18" 5.50 +1.08" 19.54 £2.77 19.98 £4.75
GD 1x 17.64 +£4.57™ 5.25+0.89" 22.83 £4.49" 25.56 +4.93"
GD 2x 15.00 +7.16™ 430+ 1.06 19.92 +1.85 19.03 +5.50
GD 4x 23.33+7.04 420+ 1.03 20.67 £ 4.60 22.00 + 6.56
GD 6x 2542 +£5.77 5.00 +0.94 21.94 +3.54" 21.42+291
GD 8x 21.14 +£7.52" 4.00 £ 1.07 21.42+4.59 2537 +£5.30"
GD 10x 20.01 +3.64™ 450+1.18 20.48 +£4.04 21.95+5.20
Cc2 21.28+7.72 4.80+£0.92 17.71 £ 1.66 28.90 +3.71
M2 35.08 £ 5.41% 2.86 & 0.90% 14.79 + 1.92* 21.55 +3.68%
GD 1:0 3140+ 7.62 3.13+£0.99 15.66 £ 3.12 25.27+5.49
GD 2:1 27.67+5.71" 3.88 +0.64" 16.29 £2.71 25.08 +1.79"
GD 3:1 26.88 £ 6.55" 3.57+0.79 16.26 +£3.27 25.08+2.51"
GD 4:1 30.00 + 7.34 3.43+£0.79 14.62 +£2.65 23.69 £3.10
GD 8:1 31.59 £ 6.58 3.71+£0.76 16.62 +£2.27 24.84 £6.13
GD 1:1 23.29 +7.53" 433+0.71" 16.36 +2.83 26.64 +3.16
GD 1:8 33.58 £ 6.45 3.25+0.89 15.57+2.72 24.46 +7.77
GD 1:4 32.35+7.50 3.86 +0.69" 15.13 +£3.49 2542 +4.19
GD 1:3 30.35+6.19 3.75+0.71 14.11 £2.83 25.30 +3.81
GD 1:2 28.89 +3.27" 4.00 +0.58" 14.42 +£2.91 26.13 +3.10
GD 0:1 26.70 + 4.82"" 4.00 +£0.58" 14.25 +3.30 24.86 +3.44
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Figure 1 Effects of different doses of GD administration on neurotransmitters and related enzymes in dementia mice. Immediately after
the completion of behavioral tests, the animals were sacrificed. The cerebral cortex and hippocampus were rapidly isolated on ice and rapidly
homogenized with 10 volumes of ice-cold physiological saline, and then centrifuged at 4°C. The supernatants were collected for the further
analysis. Acetylcholine (ACh), acetyl cholinesterase (AChE), choline acetyltransferase (ChAT) and monoamine oxidase (MAO) were
measured by commercial available kits. All procedures were carried out according to the manufacturer's protocol using a microplate reader

to measure the absorbance at their respective absorption wavelengths. n = 6-10, x = 5. #P<0.01 vs C; "P<0.05, “P<0.01 vs M
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Figure 3 Hematosylin-eosin staining (HE) of brain tissue (x200)
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Figure 2  Effects of different GD combination on neurotransmitters and related enzymes in dementia mice. The animals were sacrificed

after the completion of Morris water maze. The cerebral cortex and hippocampus were rapidly isolated on ice and rapidly homogenized with

10 volumes of ice-cold physiological saline, and then centrifuged at 4 °C. The supernatants were collected to determine the ACh, AChE,

MAO and ChAT kits. All procedures were carried out according to the manufacturer's protocol using a microplate reader to measure the

absorbance at their respective absorption wavelengths. n = 6-10, x £ 5. *P<0.05, #P<0.01 vs C; “P<0.05, "P<0.01 vs M
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Figure 4 PCA score plot of anti-dementia indexes after different doses of GD administration. Data of measured indicators were imported

into EZ info in MassLynx v4.1 to generate a PCA map. Each point represented a sample. Results showed that normal and model groups got a

better separation. The other different dose groups were scattered between the normal and model groups in which the combination of two

drugs at the dose of 1 time had the best separation with the model group
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Figure 5 PCA score plot of anti-dementia indexes after different GD combination. Data of measured indicators were imported into EZ

info in MassLynx v4.1 to generate a PCA map. Each point represented a sample. Results showed that normal and model groups got a better

separation. The groups of GD 1:1, GD 1:2 and GD 1:3 were closer to the normal group indicating that they had a better effect on anti-

dementia. However the group of GD 1:1 was closest to the normal group, which indicated that it had the best effect on dementia mice
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Table 2 Standardized indexes and total effect values of GD combination. TE: Total effect
Va Vb Ve TE
Grou, Plasma Brain Plasma Brain
" QR0 Noo HE ache ache o M% TUETTTGRAT MAO | ACh ChaT  Mao | (at2b+o)
C1 0.391 0.575 — 0.369 0.296 0.279 0.312 0.594 0.271  0.338 0.238 0.182 0.158 6.025
Ml — — — — — — — — — — — — — —
D 0.216  0.209 — 0.087 0.220 0.176 0.163 0.470 0.127  0.142 0.027  0.095 0.018 2.898
G 0.282  0.266 — 0.118 0.183  -0.03 -0.143 0.451 0.167 0.191 -0.01 0.033 0.055 2.694
DG 0.5% 0.325 0.547 — 0.070 0.214 0.101 0.003 0.497 0.079  0.221 0.091 0.048 0.102 3.779
DG 1x 0.427 0477 — 0.270 0.245 0.286 0.283 0.558 0.199  0.305 0.207  0.161 0.116 5.380
DG 2x 0.513 0.209 — 0.110 0.160 0.122  -0.045 0.389 -0.23 0.271 0.192  0.098 0.070 3.364
DG 4x 0.242  0.181 — 0.251 0.130 0.164 0.104 -0.004 0.049 0.175 0.182 0.104 0.079 2.703
DG 6x 0.174  0.406 — 0.152 0.203 0.236 0.075 0.074 0.114  0.230 0.095  0.081 0.040 2.989
DG 8x 0.313 0.125 — 0.099 0.075 0.206 0.274 0.206 0.041 0.192 0.082  0.048 0.061 2.647
DG 10x% 0.350  0.266 — 0.060 0.033 0.154 0.102 0.022  -0.03 0.195 0.076  0.065 0.076 2.428
C2 0.393 0.680 1 0.234 0.090 0.197 0.341 0.092 0.276  0.270 0.257 0.322 0.242 7.184
M2 — — — — — — — — — — — — — —
GDI1:0 0.105 0.094  0.667 0.061 0.069 0.059 0.173 0.034 0.152  0.181 0.077 0.211 0.148 3.132
GD2:1 0.211 0.356 0 0.112 0.076 0.101 0.164 0.076 0.306  0.092 0.154  0.217 0.071 2.902
GD3:1 0.234 0250 0 0.078 0.148 0.099 0.164 0.023 0.130 0.164 0.222  0.172 0.120 2.748
GD4:1 0.145  0.200 0.167 0.034 0.011 -0.01 0.099 -0.021 0.121  0.230 0.127  0.207 0.140 2.152
GD8:1 0.100  0.300 0.167 0.050 0.115 0.124 0.153 0.029 0.295 0.122 0.019  0.093 0.127 2.526
GDI1:1 0.336  0.517 0.667 0.295 0.154 0.106 0.237 0.082 0.376  0.242 0.217  0.255 0.166 5.955
GDI1:8 0.043 0.138  0.667 0.027 0.005 0.053 0.135 0.079 0.429  0.055 0.110  0.065 0.026 2.755
GD1:4 0.078 0350 0.333 0.082 0.050 0.022 0.180 0.058 0.342  0.051 0.017 0.204 0.104 2.842
GDI1:3 0.135 0313  0.333 0.222 0.041 -0.05 0.174 0.035 0.409  0.149 0.104 0.233 0.111 3.388
GDI1:2 0.177  0.400  0.500 0.195 0.043  -0.03 0.212 0.075 0.364  0.057 0.140  0.282 0.156 4.063
GDO:1 0.239 0400 O 0.282 0.028  -0.04 0.154 0.053 0.279  0.171 0.141 0.202 0.080 3.177
A Variable importance B ;
6 " Ve
= Vb
31 = Va
5 £
= 3
E o,
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Figure 6 The VIP plot of anti-dementia indexes (A) and total effect (B) after different doses of GD administration. In picture A, all

indicator data were imported into EZ info in MassLynx v4.1 to obtain the VIP value by partial least squares analysis. And then each indicator

was normalized by multi-attribute comprehensive index method. QFQ: Escape latency; No.: Platform crossing; ¢;: Third quadrant time;

[M1%: Third quadrant distance percent; N: Brain tissue; X: Plasma. In picture B, total effect values were represented as column diagram for

intuitive comparison. Va: Standardized values a; Vb: Standardized values b; Vc: Standardized values ¢
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Figure 7 The VIP plot of anti-dementia indexes (A) and total effect (B) after different GD combination. In picture A, all indicator data

were imported into EZ info in MassLynx v4.1 to obtain the VIP value by partial least squares analysis. And then each indicator was

normalized by multi-attribute comprehensive index method. In picture B, total effect values were represented as column diagram for

intuitive comparison
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