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Abstract  This study aims to investigate the effects of aged male parents on the learning ability of offspring and the intervention
effect of Wuzi Yanzong Pills based on the microRNA-34a-5p ( miR-34a-5p) /silent information regulator 1 ( SIRT1) signaling pathway.
Thirty4wo SD male rats of 15 months old were randomized into aged model model+high-dose ( 8 g*kg™") Wuzi Yanzong Pills model+
low-dose (2 gekg™') Wuzi Yanzong Pills and model+vitamin C ( 100 mg*kg™') groups (n=8) . In addition 8 SD male rats of 3
months old were selected as the control group. Rats in treatment groups were fed the diets containing different doses of Wuzi Yanzong
Pills or vitamin C and the control and model groups received a regular diet for 12 weeks. After 5 days of co-caging with 3-month-eld
female mice the fertilization rate was recorded. An automated sperm analyzer was used to examine the sperm motility and count and
the testicular spermatogenesis was assessed by hematoxylin-eosin staining. The senescence cells in the testicular tissue was detected by
B-galactosidase staining and miR-34a-5p expression was quantified via qPCR. The litter size was counted and the body mass and body
length were measured on days 1 and 30 to assess offspring development. For the offspring of 30 days old their learning ability was
examined via Morris water maze and Nissl staining was employed to count hippocampal neurons. The miR-34a-5p expression in the
hippocampal tissue of the offspring was determined by qPCR and the protein levels of brain-derived neurotrophic factor ( BDNF) and
SIRT1 were determined by Western blot. Compared with the control group the model group exhibited reductions in fertility rate litter
size and sperm motility and count as well as impaired testicular spermatogenesis ( P<0.01) . In addition the model group showed
increased senescence cells in testicular and epididymal tissue accompanied by elevated miR-34a-5p expression in sperms. The 30-day—
old offspring showed slow growth reduced hippocampal neurons up-regulated miR-34a-5p expression and down-regulated protein
levels of SIRT1 and BDNF in the hippocampus ( P<0.01) along with impaired learning and memory performance ( P<0.01) .
Compared with the model group both high-dose Wuzi Yanzong Pills and vitamin C improved the fertilization rate litter size sperm
motility sperm count and testicular spermatogenesis ( P<0. 05) . The 30-day-old offspring in the two groups showed accelerated growth
and development increased hippocampal neurons and elevated BDNF protein level in the hippocampus ( P<0.05) along with
enhanced learning and memory capabilities ( P<0. 05) . Compared with the vitamin C group the high-dose Wuzi Yanzong Pills group
exhibited accelerated offspring growth ( P<0.05) increases in fertilization rate and litter size ( P<0.05) and improved learning and
memory abilities ( P<0. 05) . These findings indicate that Wuzi Yanzong Pills can improve testicular spermatogenesis and sperm quality
in aged rats thereby enhancing offspring’s learning and memory performance. Specifically Wuzi Yanzong Pills regulate miR-34a-5p
expression to delay spermatogenic cell senescence in the testicular tissue and improve the offspring’s cognitive function by miR-34a-5p
mediated intergenerational transmission.
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2 N (x+s n=8) . N N
Table 2  Effects of Wuzi Yanzong Pills on testicular and epidid-

ymal indexes in rats ( x+s n=28)

/g+kg™! 1% 1%
- 1.1320. 11 0. 4420. 06
- 0. 49+0. 15 0. 16=0. 02% o
2 0. 63x0. 02 0.200. 02 1.
8 0. 660. 03 0.2220. 03% .
C 0.1 0. 570. 07 0. 18+0. 03 . ' 5
: Y P<0.05 ? P<0.01; 3 '
P<0.05( 3~11 ), 1,
A. ; B. ; C. ; D. K. C ( 2~5 ).
1 . (HE x400)
Fig. 1 Effects of Wuzi Yanzong Pills on testicular and epididymal tissue morphology in aged rats ( HE staining x400)
3.3 o
( P<0.01); 2 ; B-
( P<0.05) 3, SA-B-Gal
3 ( P<0.01) 2. 4,
(%+s n=8) SA-B8-Gal ( P<0.05)
Table 3 Effects of Wuzi Yanzong Pills on sperm density and 2. 4,
sperm motility in aged rats( x+s n=28) 3.5 miR34a-5p mRNA
/gokg ! /108 emL™! 1% miR-34a-5p
- 56.08+4. 01 42.09+4.75 mRNA (P<0.01)
- 49.34+3.23% 32.69=+3. 35% ) C miR-34a-5p
2 52.17£2.94% 38.24+2. 777
54.98+1.31% 42.19+4. 539 mRNA (P<0.05) Se
C 0.1 45.01x2.21 39. 06+4. 30 3.6
( P<0.01)
3.4 B- G
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Fig. 2 Effects of Wuzi Yanzong Pills on B-galactosidase activity in the testicular tissue of aged rats ( SA-8-Gal staining x400)

4 B- 6 (x+s

(x£s n=3) n=238)

Table 4  Effects of Wuzi Yanzong Pills on the proportion of Table 6 Effects of Wuzi Yanzong Pills on the fertilization rate
B-galactosidase in the testicular tissue of rats ( Z+s n=3) and litter size in rats ( x+s n=38)
SA-B-Gal SA-B-Gal
Jgokg™! 1% 1% Jg+kg! 1% /
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C 0.1 1. 64x0. 057 18.62x1. 11 0.1 70 11.40=1. 149

5 miR-34a-5p mRNA 0d 30 d .

(s n=3) ( P<0.01) 2
Table 5  Effect of Wuzi Yanzong Pills on miR-34a-5p expres— C ( P<0.05)
sion in the testicular tissue of rats ( xxs n=3) 7.

/gokg™! miR-34a-5p )
- 0020 3.8 Morris
- 1.31+0.03% A z
2 1.130. 07" C
8 1.090. 077 4d
C 0.1 1.12+0. 09 5
7 (xxs n=10)
Table 7 Effects of Wuzi Yanzong Pills on the growth and devedopment of offspring from age male rats ( x+s n=10)
Jgekg! 0d I 0d  /em 30 d /g 30d  Jem
- 5. 64£0. 46 5.99+0. 44 89.48+10. 41 19.16x1. 85
- 5.05+0. 317 5.41x0. 387 80. 92+3. 237 15.32+2.29?
2 5.45+0.23 5.35+0.44 80.20+1. 68 16. 03+0. 90
8 5.73=0. 327 5.97+0.43% 89.40+5. 04°) 17.86+2. 187
C 0.1 5. 640,229 5.39+0.21 81.28+0.79 16. 44+0. 99
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5 ( P<0.05) ; 2
( P<0. 05) 3. 8. C
( P<0. 05) 3. 8.
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Fig. 3 Effects of Wuzi Yanzong Pills on the localization and spatial navigation of offspring from aged male rats in the Morris water

maze

8 N (xxs n=10)
Table 8 Effects of Wuzi Yanzong Pills on the escape latency platform crossings and distance traveled in the target quadrant of the

offspring from aged male rats in the Morris water maze ( x+s n=10)
/s
/gokg™! 1 2 3 4 5 / /em
- 51.84+10.35 42.90+15.64 37.31x17.67 35.67+17.87 22.63+10.74 3.80+1.55 819. 82+207. 92
- 50.36+7. 50 52.32+7.40 46.17+12.48  44.77+16.16  44.57+8.79Y 0.90+0. 99" 303. 04+180. 76"
48.74+14.55 43.87+15.92  46.21+10.87 35.68+18.56  35.43+9.19 2.70+1. 42 673. 64+237. 419
45.84+15.13  45.05+14.62  40.04x18.07 36.28+11.53  29.59+13.87Y  3.10£1.91¥  803.67+355. 077

C 0.1 45.60+14.86 34.02+17.89  46.10+12. 61 37.60+19.10  39.00+10. 10 2.40+1.26 617. 66+154. 867
3.9
CAl ( P<0.01) ;
. 2 C
( P<0.05) 4, 9,
4

Fig. 4 Effect of Wuzi Yanzong Pills on the Nissl staining of the hippocampus in the offspring from aged male rats
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Table 9  Effect of Wuzi Yanzong Pills on the number of neurons Table 11  Effects of Wuzi Yanzong Pills on protein levels of

in the CA1l region of hippocampus in the offspring from aged

male rats ( x+s n=3)

SIRT1 and BDNF in the hippocampal tissue of offspring from

aged male rats (x+s n=3)
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Table 10  Effects of Wuzi Yanzong Pills on miR-34a-5p expres—
sion in the hippocampal tissue of offspring from aged male rats
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Fig. 5 Electrophoresis of SIRT1 and BDNF expression in the

hippocampal tissue of aged rats treated with Wuzi Yanzong Pills

/gkg™! SIRTI BDNF
- 1.00+0 1.00+0
- 0. 53+0. 03? 0. 33+0. 06%
2 0. 69+0. 03 0.47+0. 03%
8 0.82+0.07? 0.75+0. 08>
C 0.1 0.78+0. 07 0. 50+0. 03
4
15
16
3
miRNA
mRNA
7, miRNA
e miR-34a-5p
miRNA "
20
21
miR-34a-5p
22
miR-34a-5p SD N
s HE
; B-Gal
o miR-34a-5p
SIRT1
( silent information regulator 2 Sir2)
NAD" il o
DNA
* ., BDNF
24
miR-34a-5p

257



2026 1 \ 51 1 Vol.51 No.1 | January 2026
20
B miR-34a-5p °
SIRT1 SIRT1 miR-34a-5p/SIRT1/BDNF
BDNF °
., miR-34a-5p
miR-34a-5p SIRT1.BDNF 0
miR-34a-5p SIRT1
BDNF o miR-34a-5p
N N N N “ ” °
5 “ 7 o o
“ oA 7 SD
o 5 o
. . 1 FEUZ M B NELSON D C MILLER L B et al. Reproductive
ageing: current insights and a potential role of NAD in the
' ' reproductive health of aging fathers and their children ]
N ! Reproduction 2024 167(6) : €230486.
N 2 HANEVIK H 1 HESSEN D O. IVF and human evolution J .
N Hum Reprod Update 2022 28(4): 457.
“« 3 KHANDWALA Y S BAKER V L SHAW G M et al
”» Association of paternal age with perinatal outcomes between 2007
- and 2016 in the United States: population based cohort study J .
° Brit Med J 2018 363: k4372.
- - 4 GUO J HUANG X DOU L et al. Aging and aging—related
N N diseases: from molecular mechanisms to interventions and
treatments J . Signal Transduct Target Ther 2022 7(1): 391.
28 5 DING X MA X MENG P et al. Potential effects of traditional
’ Chinese medicine in anti-aging and aging-related diseases:
2 A current evidence and perspectives J . Clin Interv Aging 2024
N N N 19: 681.
N miR-34a-5p 6 I.
N SA-B-Gal 2024 38(5) : 130.
i m1R—34d—5p 7 GERASYMCHUK M CHERKASOVA V. KOVALCHUK O et
al. The role of microRNAs in organismal and skin aging J . Int ]
° Mol Sei 2020 21( 15) : 5281.
2 miR-34a-5p 3 SPF SD
SIRT1.BDNF 30 ]
. . 2024 2(1): 23.
9
) D . : 2023.
miR-34a-5p miR-34a-5p/SIRT1/ 0
BDNF . .

258

2025 50(7) : 1850.



2026 1 ‘ 51 1 Vol.51 No.1 | January 2026

11 Cx43 20  JAUHARI A YADAV S. MiR-34 and miR-200: regulator of cell

J . fate plasticity and neural development J . Neuromol Med 2019
2024 49(1): 197. 21(2): 97.
12 21 SHI'S SHIQ SUN Y. The effect of sperm miR-34c¢ on human
J . embryonic development kinetics and clinical outcomes J . Life
2025 50( 8) : 2260. Sci 2020 256: 117895.
13 22 SINGHT YADAV S. Role of microRNAs in neurodegeneration
J . induced by environmental neurotoxicants and aging J . Ageing
2025 50( 8) : 2229. Res Rev 2020 60: 101068.
14 23 . Sirtl J.
: NLRP3 2021 18(25): 185.
] 2025 50(7) : 1881. 24  IBRAHIM A M CHAUHAN L BHARDWAJ A et al. Brain-

15 GONZALEZ D C ORY J BLACHMAN-BRAUN R et al. derived neurotropic factor in neurodegenerative disorders J .
Advanced paternal age and sperm DNA fragmentation: a Biomedicines 2022 10( 5) : 1143.
systematic review J . World J Mens Health 2022 40( 1) : 104. 25 LIANG G ZHU X ZHANG Z et al. MicroRNAs in aged sperm

16  LOPEZ-OTIN C BLASCO M A PARTRIDGE L et al confer psychiatric symptoms to offspring through causing the
Hallmarks of aging: an expanding universe J . Cell 2023 186 dysfunction of estradiol signaling in early embryos J . Cell
(2): 243. Discov 2022 8(1): 63.

17 IBRAGIMOVA M KUSSAINOVA A ARIPOVA A et al. The 26 WUW CHENC LINJ etal. Impaired synaptic plasticity and
molecular mechanisms in senescent cells induced by natural aging decreased glutamatergic neuron excitability induced by SIRT1/
and ionizing radiation J . Cells 2024 13(6): 550. BDNF downregulation in the hippocampal CAl region are

18 WANGY CHEN Z HU H et al. Sperm microRNAs confer involved in postoperative cognitive dysfunction J . Cell Mol Biol
depression susceptibility to offspring J . Sci Adv 2021 7(7): Lett 2024 29(1): 79.
eabd7605. 27 J.

19  WANG C JIA Q GUO X et al. MicroRNA-34 family: from 2021 35(5): 80.
mechanism to potential applications J . Int J Biochem Cell Biol 28

2022 144: 106168.

. 2020 39(5) : 89.

259



