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Effects of long-term excessive zinc intake on learning and memory
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Summary
Although Zinc (Zn) is an essential element, an excess amount of Zn is known to cause neurotoxic effects. The in-

creased consumption of saturated fats in a westernized high-fat diet contributes to neurodegenerative disease and senile

dementia. In our previous study, aged female mice were administered 0, 200, or 500 ppm Zn in drinking water for 30

weeks and subjected to Y-maze, novel object recognition, and step-through passive avoidance tests. Thirty-week exposure

to Zn did not inhibit learning and memory in the Y-maze test, but was found to inhibit learning and memory in the

novel object recognition and step-through passive avoidance tests in a dose-dependent manner. These results suggested

that administration of excess Zn impaired long-term memory and object recognition memory in aged mice. As such,

we studied whether a high-fat diet influences learning and memory deficits caused by chronic exposure to Zn in aged

mice. The results of novel object recognition, step-through passive avoidance, and fear conditioning tests showed that

high-fat diet feeding inhibited learning and memory in the step-through passive avoidance and fear conditioning tests

but improved learning and memory in the novel object recognition test.
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Fig. 1 Body weight curves of ICR-JCL female mice administered
200ppm Zn or/and high-fat diet the 32-week experimental
period. Values represent the mean = SE
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Fig. 2 Body weight curves of ICR-JCL female mice administered
500ppm Zn or/and high-fat diet during the 30-week exper-
imental period. Values represent the mean = SE.
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Table 1 Serum biochemistry parameters in ICR-JCL female mice after 32-week administered 200ppm

Zn or/and high-fat diet

Zn0-C Zn0-F Zn200-C 7Zn200-F
TP (g/dL) 48 = 01° 50 = 02° 47 = 01° 49 + 01°
ALB (g/dL) 35 + 01° 35 = 0.3° 34 = 01° 35 + 01°
A/G 29 + 02° 24 = 0.3° 26 + 02° 27 + 0.3
BUN (mg/dL) 215 + 0.8 221 + 4.3 214 + 18 181 = 1.0°
CRE (mg/dL) 010 = 00 011 = 001° 010 = 00 010 = 00
AST (IU/L) 9 = 3° 102 + 23° 78 = 9° 83 = 16°
ALT (IU/L) 33 = 6° 50 + 14° 23 = 2° 23 = 3
ALP (IU/L) 203 = 24 226 = 40° 220 = 28° 179 + 26°
ChE (IU/L) 52 + 4° 53 = = 6° 43 * 4° 41 = °
AMY (IU/L) 943 + 57° 1327 = 213° 1056 + 73° 1023 * 63°
T-CHO (mg/dL) 61 = 9™ 183 = 36° 69 = 6™ 121 = 11*
LDL-C (mg/dL) 10 = 1% 20 = 5° 7 % 0™ 11 + 1™
HDL-C (mg/dL) 43 = 3¢ 97 = 10° 44 = 4 77 = 6™

Data are represented as the mean *= SE.
*“ Means in a row without a common superscript letter are significantly different (p < 0.05).

Table 2 Serum biochemistry parameters in ICR-JCL female mice after 30-week

administered 500ppm Zn or/and high-fat diet

Zn0-F Zn500-C Zn500-F
TP (g/dL) 55 = 0.1° 51 = 05° 52 = 04°
ALB (g/dL) 34 = 01° 29 + 04° 31 = 05°
A/G 17 = 01° 14 = 03 15 = 04°
BUN (mg/dL) 192 = 16° 223 + 44° 200 = 28
CRE (mg/dL) 013 = 002 014 = 007° 012 = 002
AST (IU/L) 68 = 10° 88 = 24° 76 = 18°
ALT (IU/L) 2 + § 39 = 18 31 = 13
ALP (IU/L) 169 = 50° 233 = 84° 190 = 49°
ChE (IU/L) 49 = 10° 49 = 12° 58 = 15°
AMY (IU/L) 3615 = 1040° 3321 = 408 3426 = 835°
T-CHO (mg/dL) 132 = 33° 74 = 13° 163 = 123°
TG (mg/dL) 142 = 84° 61 = 28° 143 = 87°
LDL-C (mg/dL) 11 = 4 6 + 2° 15 = 12°
HDL-C (mg/dL) 73 = 16™ 4“4 =7 83 = 47

Data are represented as the mean + SE.
*» Means in a row without a common superscript letter are significantly different (p<0.05).
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Effects of Zn on spontaneous alternation behavior during
an 8-min session in a Y-maze task in high-fat diet-fed aged
mice after 30 week-administration of 200 ppm Zn.
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Effects of Zn on exploratory preference during training
phase (a) and during test phase (b) and DI (c) of an object
recognition test in high-fat diet-fed aged mice after 30
week-administration of 200ppm Zn.

Discrimination index (DI) = (novel object position explora-
tion time after 3h/total exploration time)-(novel object posi-
tion exploration time after Oh/total exploration time) X 100
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Fig. 6 Effects of Zn on exploratory preference during training
phase (a) and during test phase (b) and DI (c) of an ob-
ject recognition test in high-fat diet-fed aged mice after
29 week-administration of 500 ppm Zn. *p < 0.05.
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Fig. 7 Effects of Zn on a freezing time of a fear conditioning
test in high-fat diet-fed aged mice after 29 week-admin-
istration of 500 ppm Zn.
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