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Effect of chronic sleep deprivation on ultrastructure and dopamine D, receptor downstream signaling pathway
in hippocampus of rats
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[ Abstract ]| Objective ~To explore the effects of chronic sleep deprivation (CSD) on the ultrastructure and
downstream signaling pathway of dopamine D; receptor of the hippocampus in rats. Methods Thirty-five male SD rats
were selected in this experiment, of which 11 with the lightest weight, shortest weight-bearing swimming time or no
finding the platform within 90 s in Morris water maze experiment were excluded. The other 24 rats were randomly
divided into tank control (TC) group, CSD group and CSD-+dopamine D, receptor agonist SKF38393 (SKF) group. The
CSD rat model was established by modified multi-platform water environment, and then the rats in the SKF group
were intraperitoneally injected with SKF38393 (1 mg/kg) at 15-21 d of CSD. At 21 d after CSD, the ultrastructure of
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hippocampus was observed by transmission electron microscopy, and the expression of key factors in dopamine D,
receptor-related signal pathway in the hippocampus was detected by Western blotting and qPCR. Results The
mitochondrial swelling, degeneration and destruction of membrane structure of the hippocampus neurons induced by CSD
were improved by SKF38393. Compared with the TC group, the mRNA expression levels of adenylate cyclase 5
(Adcy5), protein kinase cAMP-dependent catalytic o (Prkaca), dopamine and cAMP-regulated phosphoprotein
(Darpp32) , Ras-related protein (Rap) la, extracellular signal regulated kinase 1 and 2 (ERK1/2), phospholipase C gl
(PLCBL) s calcium/calmodulin-dependent protein kinase [[ a and [V (CaMK [[ a, CaMK V) in the CSD group were
significantly decreased (P<Z0. 05), and the protein levels of total and phosphorylatied protein kinase A catalyzes subunit
o (PKAca) » phosphorylated ERK1/2, phosphorylated PLCB1, and phosphorylated CaMKIV were significantly decreased
(P<<0. 05). Compared with the CSD group, the mRNA expressions of Prkaca, Darpp32, Rapla, Raplb, ERK1 and
CaMK]\ in the SKF group were significantly increased (P<C0. 05), and the protein levels of total and phosphorylated
PKAca and phosphorylated CaMKIV were significantly increased (P<C0. 05), while the expression of PLCAI and total
CaMK]\ was similar in the two groups. Conclusion CSD damages the ultrastructure of the hippocampus neurons in
rats, which can be effectively improved by dopamine D; receptor agonist SKF38393, and the protective mechanism may

be related to the PKA pathway and phosphoinositol pathway.
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Tab 1 Primer sequences of key molecules of dopamine D, receptor related signal pathways

Gene Forward (5'-3") Reverse (5'-3")

Adcy5 CAA CTA CCT GAA CGG GGACTA T CGA TGC TGT GCT CCT TGA
Prkaca CCC ACT CCC TAA ATC CAT TCT G AAG CCC AGT TCC TTC CTT GAC
Darpp32 CTC CCC AGA AACCCACTCT GCA AAC ACA GAC CAG CCT TAG T
Rapla TGA CTC CTC CCT GCC AAG C AGT TAT CTG CTG CAA TGA GTT TGA
Raplb GGT TTA CTC CAT CAC AGC ACA G CTT CCA GGT CGC ATT TGT TAC
ERK1 CTG GAA TGG AAG GGC TAT GAC CAA CAG GAT GAG TAG GGC AGA G
ERK2 GCG TTC AGA TGT CGG TGT C CAA AGG AGT CAA GAG TGG GTA AG
PLCp1 ATT AGA CTG TAT CCC TGA CACCTT T ACT GAA TTA CAC GGC CAA CC
CaMK Ig GAG AGC ACC ACC CAC TAC TAC C AGA CTG GCA TCC TTT TCT GTG T
CaMK lla GGA GCC ATC CTC ACC ACT ATG ACG CCA TCA TTC TTC TTG TTT C
CaMK CTC TTC TCG GCT GGG AAG TG TTG GCT GCC TCG TGG TC
GAPDH CAG TGC CAG CCT CGT CAT AGG GGC ATC CAC AGT CTT C

Adcy5: Adenylate cyclase 5; Prkaca: Protein kinase cAMP-dependent catalytic «; Darpp32: Dopamine and cAMP-regulated

phosphoprotein, M; 32 000; Rapla/b: Ras-related protein 1a/1b; ERK1/2: Extracellular signal regulated kinase 1/2; PLCBL: Phospholipase C
Bl; CaMK Tg/Tla/IV: Calcium/calmodulin-dependent protein kinase Tg/ la/IV; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase
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51 Z B D ZHEzIF SKF38393 %f CSD E'rifllﬁ DBMERRGNSEER
Fig 1 Dopamine D, receptor (D, R) agonist SKF38393 improved the ultrastructure of hippocampus injured by CSD

A: TC group; B: CSD group; C: SKF group. TC: Tank control; CSD: Chronic sleep deprivation; SKF: CSD+D; R agonist SKF38393. Black

arrows indicate mitochondria, and white arrows indicate postsynaptic dense bands. Scale bar=1 pm
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Fig 2 Effect of D, R agonist SKF38393 on key factor expression of PKA signaling pathway in the hippocampus of rats

A-C: gPCR results; D, E: Western blotting results. TC: Tank control; CSD; Chronic sleep deprivation; SKF: CSD+D; R agonist SKF38393.

DiR: Dopamine Dy receptor; Adcy5: Adenylate cyclase 5; Prkaca: Protein kinase cAMP-dependent catalytic a; Darpp32: Dopamine and cAMP-

regulated phosphoprotein, M, 32 000; PKAca: Protein kinase A catalytic subunit ¢; p-PKAca: Phosphorylated PKAca. * P<{0.05. n=6, T=+s
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Fig 3 [Effect of D; R agonist SKF38393 on key factor expression of MAPK signaling pathway in the hippocampus of rats
A-D: qPCR results; E, F: Western blotting results. TC: Tank control; CSD: Chronic sleep deprivation; SKF: CSD + DR Dagonist

SKF38393. DiR:
p-ERK1/2: Phosphorylated ERK1/2. * P<C0. 05. n=6, T=*s

Dopamine D; receptor ; Rapla/lb: Ras-related protein la/1b; ERKI1/2.: Extracellular signal regulated kinase 1/2;
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Fig 4 Effect of D, R agonist SKF38393 on key factor expression of phosphoinositol signaling pathway in the hippocampus of rats

A-D: gPCR results; E-G;: Western blotting results. TC: Tank control; CSD; Chronic sleep deprivation; SKF; CSD+D;R agonist SKF38393.

DiR: Dopamine Di receptor; PLCBRl: Phospholipaae C gl1; CaMKIg/[la/IV: Calcium/calmodulin-dependent protein kinase [ g/ [l a/IV;

p-CaMK]V : Phosphorylated CaMKIV. * P<{0.05. n=6, ¥+
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