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Effects of curcumin on gut microbiota of interval sleep deprivation rats

LI Yun', ZHOU Ming-mei*, GOU Xiao-jun?, ZHAO Le', SHI Xiao-wen®, JIA Wei
1. Center for Chinese Medical Therapy and Systems Biology, Shanghai University of Traditional Chinese Medicine, Shanghai 201203, China
2. Department of Pharmacy, Baoshan District Integrative Traditional Chinese and Western Medical Hospital, Shanghai 201999, China

Abstract: Objective To study the effects of curcumin (CUR) on gut microbiota of interval sleep deprivation (ISD) rats. Methods Wistar
rats were randomly divided into control group, big platform (BP) control group, model group, and CUR (70 mg/kg) group. Firstly, ISD
model rats were established by improved small platform method; Then, open field test and sucrose preference test were utilized to assess the
depression-like behavior of the ISD model rats and intervention effects of CUR; Thirdly, gut microbiota DNA samples were extracted from
feces, the primers of Escherichia coli, Bifidobacterium, Lactobacillus, Clostridium perfringens, and Bacteroides were designed by 16S
rRNA gene sequence, and the fluprescence qualitation of the bacteria through general PCR was obtained. Results The results of behavioral
experiments showed that open field test scores and sucrose preference rate were significantly lower than those of the BP group (P < 0.01),
and CUR played a significant improving role. The gRT-PCR data suggested that the relative expression of E. coli, Bifidobacterium,
Lactobacillus, and Bacteroides of ISD model rats were lower than those in normal and big platform groups in ISD model rats, while higher
for Clostridium perfringens (P < 0.05, 0.01). The amounts of E. coli, Bifidobacterium, Lactobacillus, and Bacteroides of CUR intervened
group were higher than those in ISD model rats, except for Clostridium perfringens (P < 0.05, 0.01). Conclusion The results show that as a
stress, 1ISD not only causes mental disorders in rats, but also leads to the changes of five bacteria strains. CUR could alter the imbalance of
gut microbiota, which might be one of the mechanisms of its effects on depression-like behaviors of ISD rats.
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B RGME, FEUS M S A MERA AN D e
BN, AR I ASREAT N WIvE IR . SR
BRURAB A o K I 2~ 6 (L4 E4E 05 i ' 4 ik
R, BN, AR . R
T, WHTEREREEREL, RTINS A s R AR
B, T K I AAT A, R AR 2
BN FE RERERIFASFEAT Ay, TR0 S R S5 iR e 2
RS ZRTIERY,  r EHEIA H0 A R RN AR LA
R R FH 1R 24 0] T 1 R IR 1 < 32 e 1)
BUAAT A 0 fip 38 TR RE 1) S0 B A

RIRZ By TR A I A AR =),
SRS ARG, BAT) 2 W2 EE S, s,
POECL FUEAL L R A fndn e
EZ IRk, 2 AT U v K
FFB S ST EEPY SURRAT B AU A s 4 it
i, WnEEERkEEFaRE. Z£ER
(curcumin, CUR) J& H A8/ 12 18 1 HAT HTmAir
Ve R eh 2 2 et ot

/NS o U ) < A 2R A O i 5 R IS A A= L 7l
KMICTREM B3, R I R R B Al 0 v
(RIS AL ML AR MRS s B (S R 81, S 1 s g o
filh, A S50 8 T R S 50 A5 2 5 I IR R < K LI
IHSFEAT AR BL, HRH 16S rRNA L[ ¢ 51 %
TR w46 5 P miE i 5149, BA%JEE & PCR
(QRT-PCR) A5 CUR T J0i Bl M ) 7 K Bl 2400
X 5 Y TE R R, %5 CUR OGS I AR 34 < 32
JSC R R SRR REAT 4 R, 5 AW 3 B A
PRI CUR' 0 M A 381 <5 K Bl ™ AR B A K 5 T (1)
Al BEALE o
1
1.1 zh#)

T g Wistar FEPEK B 32 H, /45T 5 160~ 180
g, MH B R-DYLSER S A IR AT, S
IS SCXK (") 2013-0016. 4i7E T FifghpEzyk
FSL AP L SPF RS, R 20~25 C,
AN E 40%~70%, 12 h/12 h FE3A I,
1.2 PA@EFEZEIRF

CUR (iU %(=95%, fit'5 131214, PUJI|
Y i 2T IR AT PR ] 5 1% RERE K, SEK = E il
BB RZ . KGR, HEBME
BT FEREA DNA 2BGRM &, FilERER
HIRAT]; gRT-PCR XMV, FE ABI Awl;
G — ZBE (DEPC), ZE[E Amresco A7)

1.3 g

BS.124S Jj 532 — R, #4[H Sartorius {X#5A F;
Colibri s & 43 Y66 i, 48 E Berthold A ] ;
Centrifuge 5415R =iV % 5.0 AL, £ [E Eppendorf 23
Hl; HEARHIZESE (45 cmX45cmX60cm), SEiE [
il ZFS-1 AUMAE (40 cm X 80 cmx 80 cm), H[E %
AP 2 7]; Step one plus &5 PCR 1%, [ ABI
T HRAREE, IR I SER AN R £ A F
2 Hik
2.1 ¥ oeE. B ERMERERR R SRR FI B R G Th

KGR PEmSE 2 oG, AR RS A
4 41: XL KPR (BP) 41, BAL41H1 CUR
41, FR4L 8 Hlo [A) BRI IEHR S T T 46 Ak ) — R AR
FIFAA T K RUBCEE Rl — 28 i gs 1 R, FeiER 1
AR BB FEHIR RSP AR IE 22 24 h EARFZF, 2 2
R[] AL A R AR S, 24 h 1K IR R EA T, R
4 14d. BHIZL, BP 41K CUR 413K H1°F & /K FR
58 1 K B S A R A R B4 v i R o4
CUR 41k Ef% 6.5 cm [1/hF-5, BP 4LRA EZ
18 cm R¥-5, Bk 8 cm. P& [l 5 AH
S, MEARAEZFAE N ER K, KR T PS4 Lem,
KR 6 LA S JEMYoKk. MNrEa L
(R R AN SRR, 25 PR LK A st it Bk A K
TV B R ST LA IE H MEAR . %o R 1E 8
Fio MIBEBLEE 1 KJFUE, CUR 41LL 70 mglkg 715
452512, CUR F] 1%3% 2 27 4 32 b im LARIT %
Pic sl B 2 14 mg/miL TR, 5 mL/kg ig
Y, RER LK, H4E:14d. BP 4. Xt AL AR
2 53 I 25 T AR [RAARRR R 3R FE L 2 A 28N
22 MiFEsRm

K H LT RO K BT R 23T R4, K58
)% 80 cm, A7 40 cm, JEEEN A, HAT
&R GE . WEETFId N g b i /N 7 i) A 4, 3
JNEL EEENAHE, AEAK B35 k3R
B TFIR IR, EhEEIES S B KR
ALK, A AR AN 14, i
IR E 1) o AV ERPEREIR RI<F 5, 20 70X 4
R RMAT AT ISR, B UORSER: 1R,
FEUOMEEIN T 5 min CiE UK BUINNR 52 5 S
THeARAR, B LMFHRVE A, W TRIR B ).
2.3 #EKRIFRSIEM

N G SE, 28 1 REATREAGE R, /Y
TR ST 2 AN 1% K KN,
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240 J52EK 5 h, Z 5 RIS T4 HUOK R SR SE AR
(F) 2 A7, b 1%RE0E K, 55— maliK,
FEHEIUOKIST A L he Lh 5, [RIEEGEIX 2 AN,
PRIl PRSI0 S K SRR A e
AR FER . SRR AE B L BB KA I 26

B K 172 = WK T R/ R VB A A
2.4 FEFEHARITE R DNA 28

H K HL BTN ZE T, 25 24 h 5
BRI, RAF T80 CUKFRH&H . FREUEMEFEA 0.2
g T 2mL BEELET, f&IRISE DNA 2507
UL DNA TR 73 D66 R VRS f Fn 4l
J5 « T EE A 16 buffer YERGR A 2 5 , 4501 260 nm
KT ACTE (Agee) (ELINE M EE s Al 280 nm AbTR
JE (Aggo) 1H, AgeolAogo AT 1.7~1.9 W] DNA 4ii

B Gk . WTE3EE DNA fil DEPC KFB % 40
mg/L, T-—80 CHELEE&I.

25 gRT-PCR #&il 5 #iAiEE DNA RiEE

251 PCRGIMBeTt  ARHEITH 521 5 Bz 16 e (1)
16S rRNA F:BF41, N 519 % 444 Primer
Premier 5.0 i 1HAHN 1% & PCR 514, JF7F BLAST
FED A (www.ncbi.nlm.nih.gov/BLAST) P Lb X 5]
VI SIA N i 8 R e, 1 s Lk 1.

252 qRT-PCR MM B I REAL H A 20
ul R WAK R, 14 10 ul SYBR Green TR «
0.3 umol/L 514#1 40 ng itk DNA, f )5 H DEPC
KANE, FAMEAREE 1 ADNESL. kRS
RN, BFIRA, RS, BORITA A5
BT &R

*1 BEEKRHESY
Table 1 Gut microbiota and its primers used in this study

JriEE YK bp B KIEEEC EFE1#(5°-3") RIn514)(5°-3)
KIGHT B 137 58 AAACTGGAGGAAGGTGGGGATGA CCGGACTACGACGCACTTTATGA
RUESAT B 131 58 GATGCAACGCGAAGAACCTTACCT CTTAACCCAACATCTCACGACACGA
FLRRAT B 166 58 GGGAGGCAGCAGTAGGGAATCTT GTTAGCCGTGACTTTCTGGTTGGAT
PAERE 128 58 GCGTAGAGATTAGGAAGAACACCAG  TATTCATCGTTTACGGCGTGGACTA
AT B 162 58 AAAGGGAGCGTAGGTGGACAGTT TGCCTTCGCAATCGGAGTTCTTC

gRT-PCR Jx : 95 ‘C AR 15 min, 95 ‘CAZ
P£10s; 60 ‘CiE-k 30s; 72 ‘CH#Efi 30s, Jt 404
i3k, o —MEH 72 CHr%: 2 min, 60~95 C
BEAT R 26 20 M7 o KRS BUAE IR BRI Cpr LA 2720
NG AR AT 43T
26 FHitFEDT

HPHILLX £5 Fow, N SPSS 18.0 A T4
THEIAT, AT R 250 N FH LR 357 2243 41 (One-Way
ANOVA) #17481t; 5 P4 DNA {E&-41Rl 3k
&, HIREEER A IE AR T 2550 PR A o R 507
ZEoHT, ARG T 2SR AR S EU 5
3 %R
3.1 MAEFAFEK R IF RSN

() Bk AR 7 ), 55 IR AL b, BP 41K
WS S #52> WETHE (P<<0.05); #iA4]. CUR
M5 BP AL W& L (P<<0.01): 1fi CUR
HEBIA L, 7 R& T (P<0.0D). BP 4
Bl 26 5 0 B b A 22 e AN W 3, 41 S BP
HELERE Kl 26 10 2% T B (P<<0.01); CUR ALY
TR LE AR /K W i 2 2. 2% T+ (P<<0.01), 5 BP
AR ERARE . 4R NE 2.

& 2 CUR MiBEMHERINFTARITAFELNZIT
(X£s,n=8)

Table 2 Effects of CUR on behavioral changes in rats
exposed to ISD (X £s, n =8)

25 WA SEIG 135y BEIK W 45 21%
X} R 40.50+17.68 61.00+ 8.04
BP 66.17+ 7.52" 57.33+ 8.40
ik 14.71+ 3.54% 40.85+ 6.99%
CUR 36.67+13.04%* 64.80+14.60""

LA : TP<<0.05; 15 BP 41HA:: #P<0.01: LRILILL
#: “"P<001

“P < 0.05 vs control group; *P < 0.01 vs BP group; ““P < 0.01 vs
model group

3.2 XI5 MiZiEE DNA RixEHM

BRI ZHIAE N 100, A& BCHARXHE,
F5H1 5 PN BEIAE &2 1H) DNA Fik Ak 45 1 W44 3.

BP ZH KBRS K T R AR B ) DNA &
kX IR A LR TE I AR, TR 413X 2 FhR
(PRI RE BP 41 k> (P<<0.01); CUR 41K
JAF BRI s B 4K B %2 (P<<0.05.
0.01), (HIGZHE NS BP ZH/KF. F b K il e
K EAEH TR AR BN, K s A
PSR A R O, R LA 2 3 IR < Y.
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%3 CURZ 5 fi%EHE DNA RiAERIEM (X +s,n=8)
Table 3 Effect of CUR on DNA expression in five specific gut microbiota ( X s, n = 8)

2.5 KIGAT 15 RS AT FLERAT 1 PR IR B AT 15

o} F 100.00+19.24 100.00+44.70 100.00+27.66 100.00+18.88 100.00+23.14

BP 79.48+17.96 86.05+16.56 81.45+16.88 100.01+24.49 89.09+26.77
iy 0.55+ 027" 3.98+ 1.467# 36.93+10.87°* 154.504+18.74" 0.25+ 0.07"*
CUR 3.184+ 1.057#* 34.17+18.24" 75.32+12.81° 99.89+10.58" 1.60+ 0.607##4

xR TP<0.01; 4 BP Al P<005 #P<001; S “P<005 ““P<0.01
P < 0.01 vs control group; *P <0.05 *P < 0.01 vs BP group; “P <0.05 ““P <0.01 vs model group

T, 2 Fips 252 298 Z4H0EL, CUR AT AE— & [
NI R, 2@ T a8 PAPIRES .

g AR BERUEA T AI FLBR AT R/ BP 41K RS
) DNA Rk 50 Al b L B ARk, i
Y5 BP 41 LA AU B A FLRR AT 1R 1) ik 2 i
FFHAK (P<<0.05. 0.01), it W [a] 1 Bl AL < 1
PORX 2 iz o B AT B 2 IE ] . CUR 41K B
XU B AT FLER AT B 1) DNA ik & R A 4] Leig
Wl (P<<0.05), k& 25 BP ALK,
Vi B CUR A - Y AR 3] <3 3 s 11 2 2 TRT 2D

BP 41 550} B4 LA™ S B 147 1) DNA ik
I AR, TR 2K BRI 7 S AR PR A XS
BP ZHIJ &A1 (P<<0.05), CUR Tl &k
R &> (P<<0.05), N AT AR S <5 I il K
U IE P SRR R S N, T CUR W24l
IR ERE AR, M2 IE 2 BP 41800 4
AR S o
4 THie

ARSIk T 2552 (R P HIR AR S < B SO KBRS
Bife IR AT R 52, SR A S, ik
BRI RISF RIS 15 RASALUK BRINAT A 241550 I F Xt
HATGEE, S5 FRRN, R RIS <5 K B
TSR IR RS (U TR NI, RN 5 B
8 A 7 AR A ) e B R 3 < o) K B PRk =
FERERENA, SR R A i S5 56, RSB0 26 16 K%
AKX SRR ZK S 2f 2 0EAT 70K, A2 4K OB 7K
I 2R ARG, 2 HH HEEHIR SR < I 5 BIOK B PR AT
SEMR I B o RO S 6 R 7K i 2 52 56 [ Hsf 45 P
T MR 4] <5 I A AR B A T ISR R FOR S 5
T8 TAR K L 70 mg/kg CUR, K B AT Sz 46 15
Sy FOBE K et 22 8 25 T, IR B BP 41K UAH
V7K, BiH 70 mg/kg CUR fE % i 25 X0t R
FZF 51 E R AR -

Jig 3 VR R T 5 DR LA R R R R i 1 e 2 A

Y17, ARS8 RIBALSE R AL, Ay 5% M) N AR 5 1 2
TR, RN B Em T U, R,
ATLURH 2y FAE2E . JeIE R4 10 50 BT 5 00 5T
Rz e . X 16S rRNA JE R ELAT 78 41 i
FHXS R, AN B A DR~ P 90 B e A8 e 91 S A it
TR —HEMAEY RGN K — A EEIRR.
SYBR Green J& —Fh i LUFIOUEE DNA 454 119t G
kb, 78 PCR ik e, Fi#E PCR F=#iti s,
PCR 7=#)5j SYBR Green 45 & ittt K, Py 44
G G T RIS AE 5 T A R 2 . PR
qRT-PCR VLR I MARA 2 UK 41 i DNA 4%
BEAT R B A

FAHERE DNA qRT-PCR 20 #1 on, i Rt
TETA] P BRI R ST A e N, AR T S5 R RN Ty g
Rl PR B AN F W, M IE
HRRSFIE AN, 350 B J i o P RS T i, B
R R4 E IS, B T HH R AR XA
FIFLRR AT B 2N AT 28 80, AR R e Ta]
Mg BRI BT R 23R, AHEF e AT sk
AP T B R R LIRS E— . AR
BT KB E 165 rRNA K ¥ i 51 o k4T
QRT-PCR KAl 73 B ok s 0 A A6, 04T e
A AEH R b AR, 52 AAT
ARSI ORI AT B R RO 1 0 1R A A6 4 I o
HES B O, 31 UE BH () S R IR <57 3 S A 75
Ji7 T TR AR S AR D

CUR TR i < M IR e oM 17 sl A
FUAT RIS AFCSE R A 39 s XU AT TR AN LR AT 1T 1)
ARG, AR AN D, kR B
BT BP AI7KF. #F5TRM CUR +TiAESE—E f%
J5E b R A 34 5 N385 S 1 P o 35 L, 389
AT s R ), e E A R E, I H g
T PR AR I I . B B A RN K T R
J¥r 1 B AN T Wl R T REAMEE R, 3 e i
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S5 RGN F BRI IR CHPA) it I,
BRSSO, PR X

ke AR T EEIMEE,

AR,

Bt HPA Sl N S N 1G53, 11 s 4) S 562 I dl /D
WTET A 2 5 HPA Bhyg PR, b 78 XUBEAF B
BEAIE HPA P, 255 135 B CUR (RICHV AT RE A/ F )

A e 5 JLR Y I TE R KA 5, R -l 52 v
IR N TR R R T

S 30k
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