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[Abstract] Objective To investigate whether icariin (ICA) ameliorates cognitive impairment and
modulates relevant endocrine hormone alterations in Alzheimer’ s disease (AD) model mice by regulating
osteocalcin (OCN) secretion. Methods An AD mouse model was established by intraventricular injection of
okadaic acid (OA). Using a stratified design, 4-week-old male SPF mice (weighing 18 to 22 g) were randomly
divided into 8 groups (n=6): wild-type (WT) control group (intragastric administration of 60 mg/kg normal
saline); WT-AD group (WT mice with left intracerebroventricular injection of 1 pL OA); WT+ICA group (60
mg/kg ICA daily); WT-AD+ICA group (WT-AD mice with daily 60 mg/kg ICA); OCN”" control group (OCN™"
mice with 60 mg/kg normal saline); OCN"-AD group (OCN” mice with left intracerebroventricular injection of
1 pL OA); OCN”+ICA group (OCN”" mice with 60 mg/kg ICA daily); and OCN”"-AD+ICA group (OCN”"-AD
mice with 60 mg/kg ICA daily). The Morris water maze test was conducted to assess learning and memory
abilities, while open field test was performed to evaluate anxiety levels. Hippocampal histopathological
changes were observed with HE staining and silver impregnation staining; Nissl bodies in hippocampal
neurons were detected with Nissl staining. Immunohistochemistry assay was employed to determine the
expression of amyloid B-protein (AB) and OCN, and Western blotting was used to measure the protein levels of
AB and OCN. ELISA was applied to detect the expression levels of corticotropin-releasing hormone (CRH),
glucose (GLU), glucocorticoid (GC), and cortisol (COR). Results Morris water maze test demonstrated that
compared with the WT-AD group, the WT-AD+ICA group exhibited significantly shortened escape latency,
prolonged time spent in the target quadrant, and increased platform crossing frequency (all P<0. 05); similarly,
the OCN”"-AD+ICA group showed improvements than the OCN-/--AD group (all P<0.05). Open field test
results indicated that compared with the WT-AD group, the WT-AD+ICA group displayed significantly
increased total exploration distance, distance in the center, and time in the center, enhanced activity
willingness, and reduced time in peripheral zone and distance in peripheral zone (all P<0.05); similar
improvements were observed in the OCN”"-AD+ICA group compared with the OCN”-AD group (all P<0. 05).
Staining results revealed that ICA intervention attenuated hippocampal pathology, restored hippocampal
morphological architecture, reduced neurofibrillary tangles (NFTs), and promoted gradual recovery of Nissl
bodies; however, the OCN”" mice failed to achieve complete normalization. Immunohistochemistry assay
showed that compared with the WT-AD group, the WT-AD+ICA group exhibited decreased AR levels and
increased OCN levels (all P<0. 05); similar trends were observed in the OCN” -AD+ICA group relative to the
OCN"-AD group (all P<0. 05). Western blotting demonstrated that compared with the WT-AD group, the WT-
AD+ICA group showed reduced AR expression and elevated OCN expression (both P<0. 05); comparable
changes were found in the OCN”"-AD+ICA group compared with the OCN”"-AD group (both P<0. 05). ELISA
indicated that compared with the WT-AD group, the WT-AD+ICA group exhibited significantly decreased
levels of CRH, GLU, GC, and COR (all P<0.05); similar reductions were observed in the OCN” -AD+ICA
group compared with the OCN'-AD group (all P<0.05). Conclusion ICA ameliorates cognitive
impairment and reduces levels of related hyperactive endocrine hormones in AD model mice through
regulating OCN secretion.
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Figure 1 Comparison of platform crossing frequency among

mouse groups (n=6)
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Table 1 Comparison of escape latency across the groups of mice (n=6,x+s)

Group Day 1/s Day 2/s Day 3/s Day 4/s Day 5/s
WT 27.59+10. 62 18.92+1. 84 13.16+5. 24 12.54+3.22 8.95+2. 11

WT-AD 43.09+3. 07" 32.75+3.43° 26.30+5. 62° 26. 28+6. 23" 16. 41+1. 95°
WT+ICA 10. 35+1. 98" 6.94x1. 64° 5.90+1. 15° 3.74+1.12° 3. 110. 86°
WT-AD+ICA 31. 62+9. 39" 22.90+5. 15" 18.98+5. 54" 13.21+3.92" 9.30+1. 00"
O0CN™" 46.08+1. 46" 34.55+5. 64° 27.35+3.11° 23.30£3. 90" 15.07+5. 67"
OCN™"-AD 57.98+7. 81° 49.57x1. 15° 40. 84+3.20° 33.46+8.22° 20. 98+4. 70°
OCN"+ICA 33.73+2.94° 26.09+4. 15° 18. 2552, 46° 14. 58+2.37° 8.89+3.07°
OCN™"-AD+ICA 53.53+1.51% 38.24+6. 08" 37.98+1.70" 24.20+2. 68" 15.59x1. 59"

a: P<0.05, compared to the WT group; b: P<0.05, compared to the WT-AD group; c: P<0.05, compared to the
OCN "group; d:P<0. 05, compared to the OCN""-AD group; e:P<0. 05, compared to the WT-AD+ICA group
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K2 BANRYIFHIEERILE (n=6,x5)

Table 2 Intergroup differences in behavioral performance in the open field test(n=6,%+s)

Group Total exploration Distance in Time in centerfs Proportion of time Time in peripheral Distance in
distance/m center/m in center/% zone/s perpheral zone/m

WT 20.70+5. 16 13. 4320. 96 67.81x1.57 22.60+1. 57 108.90+17. 44 8.50+1.29
WT-AD 6.28+2. 58" 1. 65+0. 48" 13. 12+1. 56" 4.30+1. 56" 207. 30+43. 74" 13.99+4, 22"
WT+ICA 27.80+7.12° 16. 88+0. 47" 83. 88+3. 50" 27. 60+3. 50" 59.93+14.32° 2.54+0.91°
WT-AD+ICA 18.96+2. 13" 7. 88+0. 58" 54.93+4. 29" 18.30+4. 28" 137.57+16.91" 4.29+1.35"
0CcN ™ 10. 90+3. 39" 2.5120. 49" 22.57+2. 96" 7.5022. 96" 206. 18+23. 87" 15. 08+3. 48"
OCN™"-AD 3.20=0. 74° 0. 80x1. 90° 4.25+0. 81° 1.41£0. 81° 268. 12+20. 21° 20. 86+2. 69°
OCN"+ICA 18. 60+1. 87° 4.03+0. 63° 35.33x1. 60° 11. 80+1. 60° 153. 45+32. 16° 6. 4522, 14°
OCN-AD+ICA 11.58+3. 25" 2.5620. 63" 15.830. 63" 5.3020. 63" 187. 78+28. 56" 11.16+4. 48"

a:P<0. 05, compared to the WT group; b:P<0. 05, compared to the WT-AD group; c¢: P<0. 05, compared to the OCN group;
d:P<0. 05, compared to the OCN""-AD group; e:P<0. 05, compared to the WT-AD+ICA group

WT+ICA WT-AD+ICA

100 ym== —=

OCN”+ICA
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Figure 2 HE staining results of mouse hippocampus
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Figure 3 Silver impregnation staining of the mouse hippocampus
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Figure 4 Nissl staining showing Nissl bodies in the mouse hippocampal neurons
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Figure 5 Immunohistochemical staining of OCN in the mouse hippocampus
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Figure 6 Immunohistochemical staining of AP in the mouse hippocampus
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®3 FHENMRBDERERIL ERFHREER OCNAB EHRXFE LR (n=6,x+s)

Table 3 Comparison of silver-stained area ratios, Nissl-stained mean gray values, and mean optical densities of OCN,

and AB among mouse groups(n=6,x+s)

Group silver area ratio/% Neyman mean gray value OCN AO AB AO

WT 47.262.16 189. 11+2. 46 0. 280=0. 016 0. 105=0. 006

WT-AD 35.32+2. 17" 197. 9222, 56" 0. 170=0. 006" 0. 133=0. 003"
WT+ICA 64.20£2. 76" 173.3622. 93" 0.415+0. 051° 0. 075+0. 003"
WT-AD+ICA 45.39+2. 48" 177. 41£3. 40" 0.277+0. 028" 0. 093+0. 007"
OCN™"” 13.30£0. 91° 198. 98+3. 22" 0. 166=0. 009" 0. 12620. 016"
OCN™""-AD 4.10£2. 03° 204. 75+1. 08° 0.088+0. 011° 0. 14320. 013°
OCN™-1CA 33.69+2. 16° 196. 93+4. 08" 0.282+0. 181° 0. 095+0. 007"
OCN-AD+ICA 19. 13+1. 31" 199. 08+1. 78" 0. 16120. 004™ 0. 11020. 005"

a:P<0.05, compared to the WT group; b: P<0. 05, compared to the WT-AD group; c:P<0. 05, compared to the OCN " “group;
d:P<0. 05, compared to the O0CN"-AD group; e:P<0. 05, compared to the WT-AD+ICA group

P<0.000 1 P<0.000 1
P<0.000 1 P<0.000 1
P=0.000 1
P<0.000 1
P=0.016 6 P=0.000 4 _—
o —_— 15 P=0.003 2
- P=0.0015  P<0.000 1 P=00032
O PR0001s - P -
v S e =
N F e xSy PL0001 P<0.000 1
& &RQ&"\O&X"OOV‘\ Gé\ é N 24 0 1.0
ST FF P z N T o _P<0.0001
AB(100x10%)— .—ﬁ-—-—--_-.- % - % _P<0.000 1
3)—, - - >
GAPDH(36x10°) < 11 g 05+ P<0.000 1
=TT T T 1 g 7 0T 71 1 T
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Figure 7 Comparison of protein expression levels of AB and OCN in the mouse hippocampus
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Figure 8 Comparison of serum CRH, GLU, GC and COR expression levels in mice from each group
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