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ABSTRACT Objective: To investigate the impact of ginseng alcohol extract (GEE) on improving sleep
quality in the aged Drosophila model by regulating the redox balance, and to elucidate its associated
mechanism. Methods: Thirty-two male drosophila melanogaster (7-days-old) were randomly selected as
young group, while 64 male Drosophila melanogaster flies (35-days-old) were randomly assigned to aged
model group (n=32) and GEE group (n=32). The sleep parameters, including total sleep duration,
daytime sleep duration, night sleep duration, 0—4 h of sleep duration after lights off (ZT0-4 sleep
duration) , deep sleep duration, sleep episodetimes, sleep fragmentation, and the activity parameters such
as the total number of locomotor activity daytime locomotor activity amount and nighttime locomotor
activity amount were analyzed using the DAMZ2 Drosophila behavioral analysis system 7 d after
administration. The grouping of the drosophila was as above, and there were 100 drosophila ineach group.
The differentially expressed proteins in drosophila brain tissue were screened, identified, and functionally
analyzed using two-dimensional fluorescence difference gel electrophoresis (2D-DIGE) and matrix-assisted
laser desorption/ionization time of flight mass spectrometry (MALDI-TOF/TOF-MS) proteomic methods.
The grouping of the drosophila was as above, and there were 100 drosophila in each group. The activities of
superoxide dismutase (SOD) , catalase (CAT), and glutathione peroxidase (GSH-Px) and the levels of
lipid peroxidation product (MDA) in brain tissue of the drosophila were determined using assay Kits.
Results: Compared with young group, the total sleep duration daytime sleep duration and night sleep
cluration of the drosophila in agaed group were decreased (P<C0.05 or P<C0.01) ; and the sleep rhythm
amplitude was shortened. Compared with aged group, the total sleep duration and daytime and nighttime
sleep durations of the drosphila in GEE group were lengthened (P<C0.01). Compared with young group,
the ZTO-4 sleep duration deep sleep duration and sleep fragment of the drosophila in aged group were
decreased (P<C0.05 or P<C0.01), and the sleep rhythm amplitude was shortened. Compared with young
group, the ZTO0-4 sleep duration, deep sleep duration, and single sleep fragment of the drosphila in GEE
group were significantly prolonged (P<C0.01), and the sleep amplitude was increased. Compared with
young group, there was no significant difference in diurnal spontaneous activity or total spontaneous activity
of the drosophila in aged group (P=>0.05) , while the nocturnal spontaneous activity was significantly
increased (P<C0.05). Compared with aged group, the diurnal spontaneous activity,, nocturnal spontaneous
activity, and total spontaneous activity of the drosophila in GEE group were significantly decreased
( P<C0.05 or P<<0.01). A total of 47 differentially expressed proteins were selected in the 2D-DIGE
electrophoretic mapping. Compared with young group, the expressions of 47 differentially expressed
protein sites in aged group were down-regulated mainly including glutathione S-transferase, peroxiredoxin 1

and dihydrolipoic dehydrogenase, which were related to redox balance. Compared with young group, the
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activities of SOD, CAT and GSH-Px in brain tissue of the drosophila in aged group were decreased (P<C
0.05 or P<C0.01) , and the level of MDA was increased (P<C0.01) ; compared with aged group, the
activities of SOD, CAT and GSH-Px in brain tissue of the drosphila in GEE group were increased (P<C
0.05 or P<C0.01), and the MDA level was decreased (P<C0.05). Conclusion: GEE has improvement

effect on the sleep quality of aged drosophila, and its possible mechanism may be related to upregulating the

activities of antioxidant enzymes, inhibiting the accumulation of lipid peroxidation products, and

maintaining redox balance.
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Tab.1 Daytime sleep duration, nighttime sleep duration,
and total sleep duration of drosophila in various groups

(n=32,x%+s,1/min)

Daytime sleep Nighttime sleep Total sleep

Group )
duration

755.00+217.28

548.75+203.37"

935.63+176.53"

duration
487.34+155.82
385.944169.35
568.13-88.59”

duration
Young 267.66+170.11
Aged  162.814133.84
GEE  367.50+125.19"

"P<C0.05, "'P<C0.01 vs young group; “"P<<0.01 vs aged group.
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Fig. 1 Group and experimental process of Drosophila
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ZH FL bR 7T 0-4 B IR B R0 8 BEE IR I K 4 4 K (P<
0.01). W2,

K2 AURBZTO0-4 MR A1 B IE IR B

ZT0-4 sleep duration and deep sleep duration of
(n=32,x+s, t/min)

Tab. 2

drosophila in various groups

Group 7T0-4 sleep time Deep sleep time
Young 164.384-45.20 267.66+£170.11

Aged 129.38+64.34 162.81+133.84"
GEE 174.84+40.48" 367.50+125.19~

'P<<0.05 vs young group;~P<C0.01 vs aged group.

2.3 BRI EEIRA L RH BERR A B IR
P H5ERAE, B IR & R RN
i (P<<0.01), HEMR R Bfb4is (P<<0.01); §
AR LA, GEE 2H 2 i i I & A B > (P<<
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Tab. 3 Sleep episode times and sleep fragmentation of

drosophila in various groups (n=32,x+s)

Sleep episode times Sleep fragmentation

Group (time+=24 h™") (¢/min)
Young 28.41+8.34 30.87+13.82
Aged 27.414+10.20" 17.26+8.59
GEE 25.4748.99” 39.524-18.64"

"P<C0.01 vs young group ; “P<0.01 vs aged group.
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2.5 BARBRARTERAXZGBA GRS
2%k KA RN AHS P EA T =000
(Cy2. Cy3#1Cy5) #ricJf 47 W ok o 85, J
THAEOMTOLREREZEFREIED, LIZHR
LI ZERRIREAR, SERALE, 2HFHR
MR AH R P EE I RIE T M, 5 RFEH K, GEE
I YA S o S s v o | N 4 I S
ZRFRBEAYRE R E S SR A ¢,
MAMHKRSHEHE ., HEYALHEAL, =K
i = T2 ot 2 ot R0 e -3 e MO A A L DL IR 4

R4 FAFWAEAEFRIR REEEFEHR S B EFEIHREA LK SR

Tab.4 Amounts of daytime locomotor activities and night locomotor activities and total numbers of locomotor activities and

single activity duration of drosophila in various groups

(n=32,x+s)

Total number of locomotor activity

Single activity duration (z/min)

Group Daytime locomotor activity ~ Nighttime locomotor activity
Young 518.25+300.74 320.66+266.87

Aged 696.75+354.32 416.97+252.08"

GEE 488.504346.46" 204.504145.92°°

838.91£512.36
1113.72£570.12

38.15+30.75
38.304+19.56

693.004436.15°" 31.60421.07

"P<C0.05 s young group;~P<C0.05, ““P<C0.01 vs aged group.
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b, GEE 4 R4 2% SOD, CAT 1 GSH-Px
EHETFE (P<<0.05 P<<0.01), MDA 7K R 1K
(P<<0.05), W35,
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Fig.4 Functional classification of differentially expressed proteins in drosophila heads in various groups
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Tab.5 Activities of SOD, CAT, and GSH-Px, and MDA levels in heads of drosophila in various groups (»=100,x3s)

SOD CAT GSH-Px MDA
Group . o o o
[A,/(U-mg ] [A/(U-mg D] [Az/(U-mg )] [,/ (pmol-g )]
Young 278.80+10.26 36.22+4.24 152.78+7.32 1.074+0.11
Aged 189.81+17.29" 19.39+1.957 124.16+10.23" 1.58+0.11"
GEE 314.37457.76"" 33.96+2.32° 148.15+4.95" 1.2240.14"
"P<C0.05, "P<C0.01 s young group; “P<<0.05, ““P<0.01 vs aged group.
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