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Anti-Stress Effect of Punica granatum L. Extract against
Sleep Deprivation-Induced Impairment

Ju-Ryun Nal’z*, Sunoh Kiml*, Ara J03, Donghyuck Baes, Kyo-Nyeo Ohs,
Yong Jae Kim? Yoo-Hyun Lee’, and Woojin Jun®

!Bioresources and Technology, “Division of Food and Nutrition, Chonnam National University
I Jeonnam Institute of Natural Resources Research
4Department of Food Science and Nutrition, The University of Suwon

ABSTRACT The anti-stress effects of Punica granatum L. (family Lythraceae, PG) on H,O,/corticosterone (CORT)-
induced stress in cells and sleep-deprived rats were investigated. The PG extract showed neuroprotective effects in
SH-SYSY cells against H,O,/CORT-induced stress. Sleep deprivation led to behavioral, hormonal, and biochemical
alterations in the animal model. The effects of P. granatum on physiological, behavioral, and biochemical parameters
aggravated by sleep deprivation were investigated. Sleep deprivation impaired physiological (survival, body weight,
and drowsiness scores) and behavioral (rotarod, passive avoidance, hot hyperalgesia, and Y maze) parameters as well
as biochemical factors (cortisol, serotonin, dopamine, testosterone, and growth factor I contents in serum). These parame-
ters were significantly recovered by PG extract in a concentration-dependent manner. The PG extract also enhanced
catalase, superoxide dismutase, and non-enzymatic antioxidative activities such as glutathione compared to sleep-de-
prived rats. On the basis of these results, our findings suggest that Punica granatum prevents impairment of body
functions induced by sleep deprivation and related oxidative damage.
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trogens &°] ¥#HA om(6,7), ol HEES F3
abak(8), FeH9), FFw(10), TTHEAA), 3+ B3(12),
=9 9A(13), d2EZA(14) 2 HA7 nE(15)9 ¢
A Fe] Aol ERlEAY. 53] A F{e d=slol e}
o u Aol gk ot 2 AH ZIE 2k Ao w oy
Hom, o= AfFol gfu ksl Aol FHgahis o=
Sl =] ATH(15).

ool SRure AEAAR Q1 A W) AL ST}
2 ool= QIgE Ae)A, XA At dis dqkst avr) H
o\t A F7} HAE Qe #at7] Sske] HOy corti-
costerone . & AEHAE §3la, E3) A3lE &b
wIzkek QIZF w17 o] A EA Q] SH-SYSY A2 29l
o gt AF FE29 BT a9E in vitro oA &Q1s)

g
AL, e FERES o] 88t i vivo Aol 1 5dE
5

AMzo| =& A M=

21 (Shinan, Korea)?] @ F-&& E 23] A&3519
ok #9 5 AAZ AFLE D5E 100°ClA 443 &
Qb FEaolch B & A wH 4 dxdte] AR
Z2ZE(PG)S FE5(17.6%)39tF. AF =522 saline
(0.9% NaCl) =% D.W.o| =] AF&3}3ith

=1

H203, corticosterone 2 caffeine< Sigma-Aldrich
Co.(St. Louis, MO, USA)e| A F§33te] AR&3t3lom, Al
Z gl AFE-3F minimal essential medium(MEM) me-
dium, fetal bovine serum(FBS), penicillin & streptomy-
cin 5 Gibco BRL Co.(Grand Island, NY, USA)el|A]
gt om 1 9 ARgH Aok first grade ©]Ate] SF0
% Sigma-Aldrich Co.oll4 +jate] AF&-aklt).

MIZEHH 2

MAAE B a3dE 821357 Y5l SH-SY5Y Al X
(KCLB 22266, Korean Cell Line Bank, Seoul, Korea)E
Ao A&tk Wil 10% FBS9F 1% penicillin/
streptomycin®| &-f¥ MEM mediumell A 37°Coll A 5%
CO.9l o= HjFalit.

MEZE=SM =X 2l corticosterone/H,0:0] 2|8t Mz &

A |z tist S 3t 53
Aol AEE 9 AlET E4L2 MTT(3-(4,5-dimeth-

ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) &%
W 3} LDH(lactate dehydrogenase)E ©]&3fe] =33}
Atk

SH-SY5Y A ZE 48-well plateo] 7x10" cells/mL2]
FEF 500 uLA #FSkaL 244 3F St vde &, AR E

HE v%7H0, 1, 3, 10, 30, 100 ng/mL7} ¥ =5 A9

Ajate] 24413 = 48A13F F3F v Fateict. o] §- PBS
o 2 mg/mlLe HEEE = MTT €94&
37°Ceol A 4AZF Bk o] vjFste] MTTE A A for-
mazan /85 FRIsIAtt ol XA FEF A& A=
AA AAT 3 DMSOE 100 ply #535}4
ek & 450 nmolA FFEE A3

SH-SY-5Y A2 &4 a7e vl FE558 2443
et WA g F Ho02 100 uME A #3ke] 24413 &<t
kst oS A9 100 L& F3ke] LDH assay kit(Bio
Vision, Milpitas, CA, USA)Se. & A3},

H202 2 corticosteroned] W3+ AF FEE] AELES
FE Feldly] 98te] SH-SYSY Al EE 48-well plate
of BFataL 2443F Ft vdet ¥, ARE 24413 S
AA el et g8 Hz02(100 pM) B+ corticosterone(0.7
mM)& d7F8har 24412k WS A7) 3 MTT9} LDHE A%
o] AEES FA3S
ASE ¥ AMEXE

Sprague-Dawley rats(male, 210~250 g)= AU
(Osan, Korea)oll A T9)3te] 64 &<t &3} F o] /o]
NAE st AHS Agaigivt. B A5
(22+2°C), FHEFE=(B0+5%), 27]3142(10~153]/A]171),
g 7](lights on from 8:00 am~8:00 pm), Z%=(150~
300 Lux)9] 3+ o= HAE STEASHAA AbRE 919
(ad ibitum) 2 A 3-3tAth BE 55432 AAAdAT
AE o] FEAFEZALI Y 2 F HPsArH2014-
021). Rats2 & 10709 #(n=6)o.2 E&3Ath: =T
(non-SD+ saline administered group, CTL), A&+
(sleep deprived+ saline administered group, SD), PG 50
mg/kg o] T (sleep deprived+ PG 50 mg/kg B.W. ad-
ministered group, PG50/SD), PG 100 mg/kg o *(sleep
deprived+ PG 100 mg/kg B.W. administered group,
PG100/SD), PG 200 mg/kg << (sleep deprived+ PG
200 mg/kg B.W. administered group, PG200/SD), %4
)&+ caffeine oI (sleep deprived+ caffeine 10 mg/
kg administered group, PCTL), B]g=A4e PG 50, 100,
200 mg/kg T 2 FHUET FAT. BE AHTES
MERoR FEHe] B2 EMQ AAY 2 ¢y
platform(16) $JelA AA717F <A AFSE ST

A
bl

Single platform B (16)& ©]-&3}o] =Huter
o A

.|

LE7)5 2% platform(F74 6 cm, E=°] 10 cm)9]

o}l F A 0] X|(21X25%27 cm)ol platform =°]2]
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S A 23 vguntE A8 F 15 cm9] Y2 plat-
forms A|Fste] FiEgh W0l o|AA ¢ JYEF 3tk

FHEE F% 9 PG Foo wE A wss 4
3] flste] w5l AEES g g, SHurg
% 3949 ¥l AX(5 min, 14:00~15:00 pm)E H] T
Q=7 FHgslo] EAstH o, gty QxE =517 ¢
3l A ¥ (rotarod, passwe avmdance hot hyperalges1a)%
/\E

oqA, IOOWHE ?fo}oi =74 3}913}. s 1}@ Kals
=23 A shA, zsg_fasuq xELS thE Ayl A=
Ee Hxsfstaa H welste] W Fysiivt.

24 T8 F g H 2245 A st Astst 1Ak
Heks SAskslth. == svkhippocampus)9} 3 (cor—

tex) & HhE Esilon, BE AEi -80°CollA] Hats)
o
AN

Rotarod test

@R FEPsHES S48 @l(17) rotarod
test(four-lane accelerating rotarod, Jeung Do Bio &
Plant, Seoul, Korea)& AAlet3it), Ad g 183t 23]
A 3] A et AE(diameter 8 cm, rotation speed 11 rpm)
AE AR 2A st AEFHE ATk 2443 & 5
gk 2319 3| dsks A% flolA #@S Far GojA= ARt
& S48t A¥sEvi A 54 AR 5 oE 5t

st

Passive avoidance test
FxAF gt 7195 S 8R18H7] 9lke] Bae 5(18)
=

5
AYPE S FAsel WS WSk e Bulo]

L

Lo

=+ light chamber®} dark chamber”7} 212 522 A4
F o} 2d+= shuttle box(Iwoo Scientific Co., Seoul, Korea)

= A¥ o F AL8-39 T}, Light chamberd] A3 5&ES =
ol AFFES B34 07 dark chamberZ 59717

Hv, 29 47152475 mV, 0.5 mA, 50 Hz2)& 7}ste]
oA FE Fo] Fxo| gk S5 At 24417 - light
chambere] 28 & &S TS w dark chamberel] S0z

& S5t o] FAg e A EE}

Hot hyperalgesia test
el uE MAAEES
Bolles(19)9] 25w ; 22 A 5o
2 A%S Y 5=
Ugo Basile S.R.L., Gemonio, Italy)<
19+1°CR GAE Aw 9o 2ATE
g _ﬂ].;‘d——;g}oq Q}H]— = .ﬂul—% 61—}5 z‘sg
gsS Hol= b dEe= AE
Hpeholl shefo] A7IA e
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2182 08:00~10:00 am Alo]ol| 283} }
Y maze test

Sarter 5(20)2] WHE F312 Y maze(three equal
compartments of 10 cmxX90 cm*x30 cm)E ©|-&3}e] A
AsE] TA Y 2 @77 &) Felatgint A
S oAU Ao T A G Y-A} K] Apdo] whgl nj2 R
Eof glom, b 2= 12009 A AR wjx|Fo] 3l

o} ZH7te] ]i* A, B CE A% & AAFES V29
7}%}1}?40“ I8 A A FA Ol =S st v 2
Aeotes sigith 1§ 8t A e wAds #F
shod 7t “]ioﬂ o012t 35 E £AE SAste] WAYTY
(spontaneous alternation, %) AXFsFA Tk Al 322] 2} arm
S SRR B0t Af 15e= A3 QU%, S

2 5ol7hA ek A4 vAlskn). oleld
71—0 /‘\/\1 o7 74]/\}0]_0:11;]_

:\_l‘

Spontaneous alteration (%)=
Total number of alteration

<
Total number of arm entry—2 100

&= cortisol, serotonin, dopamine, testosterone, growth
factor | &2 =H

YA 3,000x gl A AAlFEE] 3te] ol S AY
of A--&3F3itt. Cortisol®] &2 ELISA kit(Calbiotech,
Spring Valley, CA, USA)E ©]£-3}% 21, cortisol MAb
7} Z¥H microplateE ©]&3}o] 450 nmollA EF ==
e

Serotonin®} dopamine< Abnova(Taipei, Taiwan)ol
A AZ%E ELISA kitS ©]-838}%l . Serotonin®] intra%}
inter-assay WHolAl4E 217 12.6%, 10.4%°|H, HAZ
A7V 5 A= 6.2 ng/mL%th Dopamine?] intra-assay ¥
ojAlFE 21.5%°1™, HAAFA7FsA= 3.3 pg/mLiitt.

Testosterone< ELISA kit(Enzo, New York, NY, USA)
S o] &3t A3t Intra®t inter-assay HolAIFE
Z+7+ 10.0%, 11.3%°1H, A&7+ 5.67 pg/mLS3]
=3

IGF-1(growth factor D& ELISA kit(R&D Systems,
Abingdon, UK)S A3 21| intra®l inter—assay #Ho]

AdE 47 5.6%, 9.1%°1™, AAF5AH s 3.5 pg/
mL%it}.
RE Asle AxkE 7 kitdl] Aled standardE o] &3}

A= %
of EEFNS 5T F AFBAAL

J

¥ %2 W] GSH(glutathione)®] 32 w43t = 7]
S 4°ColA gk A7 B2t 4% sulfosalicylic £ 0.2 g
3t & ASHS FHsle] DTNBSF WHS-A171 Tt 412 nmell
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A AT

CAT(catalase) 42 20 mM¢ H:0.5 7|2 =&
27 FHlske] ARSIt 009 E8lvE s 3
240 nmell A EAs AT E49 4L H009 #A
A EE mM/min/protein® 2 A2FsL3 2, U/mg protein
o g7 FHs).

(
)

o H{roux
[

SOD(superoxide dismutase) 742 ELISA kit(Bio
Vision)& ©]-&3to] 5433w, ¥ 22 dedls WST-
1 &9, SOD a4-& A% Tkl 2083 37°Cell A w3
A7l % 450 nmolA S35
SH=EA

HE2S 0 Ay Hy 2 2 (the meantstandard
error of the mean(SEM))Z X738t oH, 2+ 1% 719
914 HAZ& GraphPad Prism 5(Graph Pad Software,
San Diego, CA, USA)E ©|835}4 one-way ANOVAE 2
A3 3 X0.059 95l Dunnett's multiple com-
parison test® 7+ A&@te] Ht A 7+ {-94dS HASA

o,

Znt W o3

Z29| corticosterone/H>0,0]| CHSt | AIZMEZ
n

= AAAEE corticosterone(CORT)el &3k M E =4
of digl A&/ FE=E9 a7E FRI87] #1384, SH-SY5Y
A Z(neuroblastoma cell line)E 2ol AL&3} T} T}k
gk 5%(1, 3, 10, 30, 100 pg/mL)e] AF/FPG) EF F=5&
M3 24X 7F AAE e & 0.7 mMe] CORTE 24717 &
St A e v, MTTE o] 838t Az AEES Fels)
% tHFig. 1A). CORT Aol ejato] AlE HEE2 70.92
+1.44%2, CTLel o)A o2 #adts AL &)
PG 9% 2221, 3, 10, 30, 100 ng/ml)e] Axele] <l
o M AEEY A7 JAEN e, 53] 10 pg/mL,
30 ng/mLe] =2 AA S o FolH o 3Ee=
g IRtk PG FE2ES vEEE g5 o2 s}
P W AEFAHLS GEFEA] Zokti(data not shown).

Q1 HoOz0l 9] 8k Alxz5del sl A4 g}
135k7] flske] flof U WHoR A FPsrt
(Fig. 1B). Hz02(100 uM)oll o] & 92 o= 7FA43k Al
AEEE PG FEE 98 5% oEHoz AAEE S
&ola}l th3 pg/mL, 90.85+1.48%; 10 pg/mL, 94.70+
0.30%; 30 pg/mL, 97.00+3.06%; 100 pg/mL, 101.8+
2.99%).

EE A Eako] v A= a2 geler] Yske] Al
3 Ao wE¥ LDHO #%s 543 A3(Fig. 10),
H202(100 uM)ell €8l CTL thu] 44.76£12.27%(<0.005)
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LDH release
(% of CTL)
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Fig. 1. Neuroprotective effects of Punica granatum L. (PG) ex-
tract on CORT or H,O»-inducedapoptosis. Cells were pretreated
with various concentrations (1, 3, 10, 30, and 100 pg/mL) of
the PG water extract, followed by 0.7 mM CORT or 100 uM
of H,O, challenge for 24 h. (A) Effect of the PG extract on
CORT (0.7 mM)-induced SH-SYSY cell apoptosis. (B) Effect
of the PG extract on H,O, (100 puM)-induced SH-SYSY cell
apoptosis. (C) Effect of the PG extract on HyO, HyQ, (100 pM)-
igguced LDH release in SH-SY5Y cell. P<0.05, P<0.01, and

P<0.005 vs CORT/H,0,. Statistical significance was tested
with the ANOVA (Dunnett's multiple comparison test). CTL:
control group, CORT: corticosterone treated. All data were rep-
resentative of three independent experiments.

FEOR FHE AL HARA O, PGl el w1 o
FHOR adhs AL AN o Fo) PG FEE

SEUE ASA O3t RIS Matol T3t AT =
£20| M Eut
Fevg mEd e oI ASE WakE Fels] 9
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sholah et
HF Q5 228 D348 FRAS) sl punE
T3k Ad el 50, 100, 200 mg/kgd] FEE A TF
3 ujje 5] J

] Q=SS FAtHFig. 2A). UIF
= AE BE o, Fudd 14
L njgEate 2 7(CTL) 100%, ~Hute
(SD) 0%, A5 200

mg/kg Fo T (PG200/SD) 60%, 7}
A 1204 -~ CTL
;-
1004—8—2-%—0—000000000 00 SD
9 \ ~¢- PG200/SD
== L Xaaaad -4 PCTL/SD
S 60 i D
- N
& 401 V Eemew
20 ke Bk kA
0 — ———
0 2 4 6 8 10 12 14 16
Day
CTL ; %
PG200/SD : *
B CTL :##+
PG50/SD : * -~ CTL
PG200/SD : *#*% = SD
-+ PCTL/SD
o -9~ PG50/SD
%‘J 280+ CTL : ##% -0 PG100/SD
g" PG200/SD : % -e- PG200/5D
z
>
=1
<
2 2404
0 5 10 15
Day
C 204
2 T
< 154
2]
wn
2 l
fo|L| T
£
2 1 °E
& T T
£ ¥ T *
] £
0 T T

0 T T T

M E N D
Fig. 2. Effects of PG extract on the impairment of physiological
factors induced by sleep deprivation in rats. (A) The effects of
the PG extract on survival in sleep deprived rats. (B) The effects
of the PG extract on sleep deprivation reduction in body weight
in rats. (C) Drowsiness score of sleep-deprived rats. Data are
expressed as the mean+=SEM (n=6).  P<0.005 and "P<0.05 vs
SD group. Statistical significance was tested with the Dunnett's
multiple comparison test. CTL: control group, SD: sleep de-
prived group, PG50/SD: 50 mg/kg of Punica granatum extract
treated sleep deprived group, PG100/SD: 100 mg/kg of Punica
granatum extract treated sleep deprived group, PG200/ SD: 200
mg/kg of Punica granatum extract treated sleep deprived group,
PCTL/SD: 10 mg/kg of caffeine treated sleep deprived group.
PG and caffeine were administrated orally.
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S BoJdl $& SDF H|E FeolHdoz
Badte AEFS BESATHSD, 14.25+4.50; PG50/SD,
5.33%1.50; PG100/SD, 6.40+1.29; PG200/SD 2.80+
1.07, PX0.05; PCTL/SD, 8.83+2.69).
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of oJa AMallel BEH JAAE MAAA F=Ed 2~ anE
b= AL gl = AT

Kumar 5(22)°] ¥ 3st A9 w2 pentobarbital &
o] &3t FHFE Aol AF FEF ot FHAE

2 fuel, o2 F RAAA AT 2 290 99

& Frha wad uh glek oleld A A el B

Aol 1 Agel AR FERe] GaEds v w
o]

THUE AEY A0 2fpt SeHE HM3toll chet 47 F&
=2| JiM &t
rnteto] &y et Ny A FE= Fol7t 3
A Al m A= WMEkE 1] fsto], FHdtd
3AA et 10dAl BEetd ddas +HsH.
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+53.25%; SD, 81.77+4.57%; PG100/SD, 202.2+37.986
%; PG200/SD, 243.7456.33%). PCTL/SD-& SDi-oll
H|3) &5 go] MAHAAT oAbk Sl =] ekt
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400+ . *%x ,
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= T
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= 200
Iy T [ J—
5
£ 1001 1
-]
G T L] T ) L] L)
) N S S S M
Cﬂ ) &\}‘5 ";Q\% QQ\% QQ\%
L < Qc? Y

Fig. 3. Effects of a PG extract on a behavioral rotarod test against sleep deprivation in rats. (A) Effect of the PG extract on
motor coordination and balance deficits induced by sleep deprivation in the rotarod test on day 3. (B) The rotarod test on day

10. P<0005
A DAY 3
300+ . *k ,
T
gZOO- J_
ST
£l L
= 1001 T LT
|—I—| 1l &
0

“P<0.01, and "P<0.05 vs SD. Statistical significance was tested with the Dunnett's multiple comparison test.

B DAY 10
*kk
3001 —, * .
L} . 1
I |
$ 2001 -|_ -|-
5 T M
=
§ 1
S 1004 _I_ J_
0 ™
y 1 L] 1 ] L] ]
R R~ SR e
Q& S < \}% C’%Q\% \QQ\% ,»QQ\%
L L L

Fig. 4. Effects of a PG extract on behavioral passive avoidance tests against sleep deprivation in rats. (A) Effect of the PG extract
on memory acquisition and retention induced by sleep deprivation in the passive avoidance test on day 3. (B) The passive avoidance

test on day 10. *P<0.005,
test.
%aol SDIE #Eow AstHE AL FAT & A

i
4+ 45 3]9] 23 (passive avoidance test) 232
*JX} 4 F913}F dark chambere] Eo7F= A 7HS =4
ate] A ket 39 A oll= SDt2 45.19£15.77% %
gel=en, PG 200 mg/kg Fo1(228.6+£35.00%)° <
gl FeH o R s avE 1T 5 dinh. FHEE
10¥ Aol = SDTS w-$- 743 (21.65+3.76%), CTL
T3 SRS w] /X0.005 FEOR Fo) A Aol 7} v
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"P<0.01, and "P<0.05 vs SD. Statistical significance was tested with the Dunnett's multiple comparison
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Fig. 5. Effects of a PG extract on behavioral hot hyperalgesia tests for nociception against sleep deprivation in rats. (A) Effect
of the PG extract on sleep deprivation deficits in the hot hyperalgesia test on day 3. (B) The hot hyperalgesia test on day 10.
P<0.05 vs SD. Statistical significance was tested with the Dunnett's multiple comparison test.
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Fig. 6. Effects of a PG extract on Y-maze tests for spatial working memory activity against sleep deprivation in rats. (A) Effect
of the PG extract on spontaneous alteration due to stress induced by sleep deprivation. (B) The number of total arm entries. P<0.05
vs SD. Statistical significance was tested with the Dunnett's multiple comparison test.
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