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ALK 7E BCAAs ZKF, PEHT A HID) AR DL K F1 BREEMMBARRER
HRIFEFR, WA, WM E w2 K H 5 Table 1 Composition of the experimental diets
BCAAs FABHUEZ 9 C R, NS Tk s R ND HFD
SIS ERERS GODL LT FERI/100 ) 72 s
B AAA 1 (2/100 g) 68.4 423
N H 5/ (¢/100 g) 43 24.1
1 Mﬂﬁﬁ‘% A4 24/(2/100 ) 48 5.9
11 HRSHF B (/100 g) 5.1 6.2
IBE AR B =R e AR A AR 41100 g) | 5045 L9729
% BN B R AR &, R i AR B TR B/ (enerey %) 102 46.0
FEIT; JE S R ELISA 300 &, ik ISR AR 2L PRt B i/ (enerey%) 18.1 18.1
&Eﬁﬁj\ﬁ FE/A\ﬁj ,/ﬁ%@f{*ﬂ?‘{ﬁﬁ% (HPLC = 98%) , B IKAE M/ (energy%) 71.7 35.9
FH Sigma A H] s MR TOEBURPUA  SEE CST 2 SE R/ (¢/100 g) 1.5 1.9
Al IEE R RTE RR R, VIR URE A AT BRA R AB/(g/100 g) 0.7 0.9
=i HRBR/(g/100 g) 0.9 1.1
12 [uE5iEg AR/ (2100 g) 0.5 0.6
MU, 13 [P S RS 7l ip . RS R/ (/100 ) 12 14
JAX Xevo TQ-S X, [ Waters A7) ;Mor- 1 2#/(&/1008) 03 04
ris KRBT RS, LI Rk pEp g 008 o
/v NovaSeq 6000 UFFAL, % Mumina A7, = w/(&1008) > 2
13 SWHY MBET HARTFH TR 100 ) 09 -
24 FUSPR GLHEE 3 1M CSTBLGT /ML I oo O
o 7 ’ AR (/100 g) 1.3 1.6
FAe e B A BR AR, R TFILIUOR S5 45/ (2/100 g) 04 05
B ghPrbus  FREEIR BE (2342)°C, AHXTE 2 (50+ WL/ (/100 ) 17 ”1
10)% , B 22 %7 B R 12 h, /BB B oK Ak 5B (/100 g) 0.6 0.7
B NSRRI B AR T BE LR FR#/(g/100 g) 0.5 0.6
X B8ZH (Normal diet, ND ) Fll/= JE4H (High—fat diet, 2 JBR/(g/100 g) 1.0 1.2
HFD) , 43 5 25 138 38 fRlR R s B flket 35 T et JEEER/ (g/100 g) 0.4 0.5
1= AR 4R BE 4 ) 3 BB Research  Diet 23 & 2 BR/(g/100 g) 0.2 0.2

D12450B 1 D12451 F 7 ELl , FrA Ak hvros
PRI A A BR A A G s (PRHEC 7 IR 1), IR
WA Hg s /N REE L, AR S/ R
W AR e, IR 12 JRJG , A R g
i 15 FEARUEANE | Morris AR ETPEAS /N BN ATRE
IR A A /NRES B AERK 12 h, A BE S
BRI L, S WIS I N, &
ARG , -80 CIRAT, FH T 5 S48 brAs i

1.4 FERNIEFR

1.4.1 A% 3808 (Glucose tolerance test,
GTT) /NRAEE 10 h, RE KRB, Z3755 1

LS, OB AR IR 1 g/kg bw 8 25 W
(0.5 g/mL)VEH | 4350 & 10 s #E B 5 30,60,

90,120 min MUK, ORI TR B 2 T
TR
142 MVEHIANE . B8y ZCPREI A AR A
ATl o AN 1 355 7 50, ELISA 3253000 5 1l 35 e 5
=, A Z AP S (Homeostasis model as-
sessment—insulin resistance, HOMA-IR)
HOMA-IR = 25 5 U3 (mmol/L) x5 7 1L B 2
Z (mlIU/L)/22.5 (1)
1.43 IV @R AR A H /NS 40
L L T B LA 160 WL AR, e
JR2)JE 10 000 r/min #5010 min, HX 100 L 3
W2 — B0, BEEMA 100 uL &6
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0. 1% H 2 (1) 8 27K - iR e TR 27 ,0.22 pm JE 5L
DS AR/ I WOAH 5 FR IR T G g
1.44 Morris 7K & B M ik [Morris water maze
(MWM) test] EifEMEFRE 12 JHJ5 , Morris 7K 2K B
R /IS R S AT AN ZS (R R T, 38 1~5 Kift
AT DA T IZ5 , 10 5 AR BR 2 B ] P4 (60 s) $R.31
-5 BT TR ] (BRI ) 5 5 6 RIER-T- 15,
/BN BAR R BR AR S BRI K, #4728
[EJRZR SR, iC /MR 60 s N ZFHCE- 5 8L, B s
5 GBS R T) UK A R B A R R
1.4.5 S0 NeuN FHEIL  IHLUbE
PIR R & i 220K | HUsE S A RO 0HE
KI5 ,5%BSA ¥ = HE ] 30 min, AILA NeuN —
PL(1:100) TR &N 4 CIHFHE LR, PBS ik 3
WA PP E 50 min, 25345 PBS ¥t
W 3K, A DAPL YL 2 YL A% , kot = 1 097
B 10min, PBS V¥ 3 e, 3 A, DO R idsn i
1.4.6  JHIEMADRLN SRS ke = H R
B AR IS 2/ INER S I N S B TR 4 DNA B
MR I FL TR I DNA. 4003 Ak 1 . BGE ke A
DNA TEL.LE T BRE R | ng/pl, VMG
(LRI ZH DNA SR, ARYED 1S X I BE P bar-
code 4755 | YA A0E I EL i 1T PCR 973
2% FE B NE R EE IS FL KA PCR =4, B4 (1)

PCR P=Wy AT iGEkaifl, Mbr{UE R, RIS PCR
100p 0.20
% sor I';Iéii 015
52 CE e
1 =z 0 b
gn 40k i . =@
Jm EB 133 2 =
g 20l +D< 5 0.05
= j==]
0 0.00
Con  HFD Con  HFD
2415 ool
Group Group

(a) (b)

Body weight/g

PR AT R R A TEOTIR AT 2% B R WEEE
JEEHL vk 24k PCR ™4, I D) & D ™4
i TruSeq® DNA PCR-Free Sample Preparation
Kit 2 PR30 b A T SC R A, F e  SC A
GHELE 5400 FEATRI AN Q-PCR %E 2, UG
J&i , i NovaSeq 6000 AL,
1.5 ZitZESH

K] SPSS 24.0 #ATEAE /M, IEZS AT RY
THEEGORER I« e bnifiir " o PR R Lt
ORI ST FEAR BB LU « K8, JEIERS A
A B T a2 GERE P 2 8] b AR H Mean—Whitney U
R, KK B E LA T S S T AR I AN GTT 5 AN
[ S 1) A CALARE P B AR o 5 00 i 9 8 H ) 0 28 0
B, 75 BCAAs ¥ JE 5 Morris /K E 22 RI8FRHT
AR Pearson G534, R H] Spearman k&
AH G 73 Bt 20 18] 22 S TR AHEAE X R B2 5 1000 25
BCAAs BUMIEHE, P<0.05 22 F A S8 X,

2 ZBR5HSH
21 kREMERE

wmE 1R, SR H T RE AR
Evm T XA (P<0.001) (Kl 1a), M4 /B
BCAAs B H VA BT B 257 (K 1b), 3R
12 )5, SRR /N R AR T i KRB R B & T

XFHEZH (P<0.001) (8] 1c #1 1d)
sr
or =3 Con §
== HFD = *h%
40 *x% gk
154
=
30F ﬂ z4
o3
=2
20 £3 X
e
T 2}
10F =
E
0 0
0 12 Con HED
I R] 41
Time/)H Group

(c) (d)

T B0 DL Y B AR iR 2 SRR EL %, P<0.05, %%, P<0.01,%** P<0.001, F[d],

& 1
Fig.1

22 BREBREHERM
e B A 23 IR I e 5 2% (16D 2a) (UK (&1 2b) il
HOMA-IR 850 (& 2¢) 5%+ B4 A Lb A T s 19

FHENRHEREMERENLLER

Calorie intake and body weight of mice in each group

POMMERARE, CTTIREE TR BN, misd 0,
30,60,90, 120 min IFEE (& 2d) S i th £
TR 2520 T4 B 2H (P<0.05) (F#] 2e)
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Fig.2 Comparison of insulin sensitivity between two groups

2.3 1TAZE®M 3b); S5 XF IRALAH LE, i BE 4L/ RSB 5 OB
Wk 3 froR AE 5 d BEMT TSR, A AR IRV 2D (P<0.05) (18] 3¢ A13d),

INEARERETE IR IR LI . 25 5% (I 3a) . S 6 K RWTm IR/ SR B D BERRAR

AT 25 TR R, 4% 2H Y vk e B T A {8 22 5 (1

=3 Con
- 250
60 - I(—:[(;r]; 4r 7 - LD l
— =z 6
. 50 2 200} o oy
=L E SER - § E :
PEW B Z 150 Xz Bz |
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) Lg 20 5 REal % =2
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e 0 0 0 -
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Fig.3 Comparison of Morris water maze test results between two groups
2.4 NeuN EHEFEHHM EPPIRIE] NeuN B0 35 MR (141 4a A 4b) , 2%

Wi 4 s, il NeuN SEseeie ot Wm R /N S SR Il 2 oo b
T Sy PR ] iz e, 5 0 BRELAR L, iR AR 4
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Fig4 Effect of HFD on NeuN expression in hippocampal dentate gyrus of mice

2.5 MmMESERKETL ERLGIFE L F R LS BCAAs /K-
W 2 P, MR 12 JA  HFD g & BR % T ND 41(P<0.05), HoE & LR K -4l 2
MERE R K5 ND A A THE ey, skim BB EES,

F2 MiEREHKT

Table 2 Amino acids profiles

A HFD ¢33 HFD
EEi 1.14 (0.92,1.35) FARES 3.3 1.21 (0.99,1.42)
IR B 1.28 (1.20,1.35)%* RITARBR 1.14 (0.80,1.48)
TR 1.12 (1.00,1.26) BB B 1.34 (0.97,1.71)
XX N 1.16(1.05,1.27)* R R 1.00 (0.92,1.09)
B R 1.03 (0.82,1.24) 20 R BR 1.16 (0.94,1.38)
BRI 1.26 (0.90,1.63) S EY 1.09 (0.88,1.30)
7 5B 1.21 (0.98,1.44) M R R 1.01 (0.80,1.22)
2 R 1.10 (0.85,1.34) B2 B 1.19 (0.80,1.58)
EEA 1.28 (0.93,1.64) & R 0.94 (0.78,1.10)
R 1.13 (0.83,1.43)

B AR HED /NS T BRZH AR5 80 (95% B A5 X TH) ), SR HREHAH L, *. P<0.05,%*. P<0.01,

2.6 & BCAAs K FES5I\FThEERIEEES R A 5 L BCAAs /KB e A8 2 A 2 F
WK 5 s, B THRZEIESIEINNIIEE  Morris K 2K B8 25 F 48 45 5 1075 22 5 BCAAs
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r=-0.94
P<0.0001

LI 5o SRR A X VA 2
(fold change)

Relative level of isoleucine in serum/

B U
Crossing the platform number

(a)

r=-0.94
P<0.0001

LT SR R FERAT XV S
Relative level of BCAAs in serum/
(fold change)

085 1 > 3 n 5
B U

Crossing the platform number

(c)

LA AR

Relative level of BCAAs in serum/

[IIRG:

ZBRUCH L 1 25 T 5C (P<0.05)

r=-0.78
P=0.0018

10135 550 R A6 ¥
(fold change)

Relative level of isoleucine in serum/

038 |

o
[eN

4 6 8 10
2 AR R
Target quadrant entries

(b)

<
2

r=-0.64
Lar P=0.0194

(fold change)
T

2 AR R

Target quadrant entries

(d)

5 MWMIXAIARRIS =R 075 75 SEAN S BCAAs 7K F ) Pearson #X 534
Fig.5 Pearson’s correlation analysis between cognitive performance in the MWM test and the fasting serum isoleucine

and BCAA levels
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271 JHEHEE o F1B RSN WE 6
N o ZREPESR BU WA Vs NP R B S R X
FH o 2T Observed_OTUs #I Chao 1
e ER a0, S RAMLL, &iE4
Observed_OTUs 1 Chao 1 45 %A THim @ %, 1M 22
FICGE R (K 6a Fil 6b) . B ZAEIEM BT X
AN R 2H ()R AL AT LB o A B T i - AR R
43 M7 (Principal coordinate analysis, PCoA ) J&— Ff
AR VER B REAE T T, FRIFSEREA Y
P& A LA AR IR B2 S S5 R B, 55 ND ZHAH
FC, HFD MEFRRS B AR My 4Llcfy 5 m (P=
0.025) (Kl 6¢)

272 M fpiE R RN ZE RSN
LEfSe (LDA effect size)Z3#1 Xt B 41[E] LDA score

KT 4 WERERFEITGOT, 49KV, TE9K
-, B2 44 (Clostridia ) ; 7 H /KPR %€ 912 B
H (unidentified_Clostridia) ; B 7KF , 1§ AL BEER H R}
(Peptostreptococcaceae) Fl B MR H F} (Lach-
nospiraceae ) ; J& 7K-F- , A X [ & (Romboutsia)
A 57 45 FC TR & (Blautia) s #K -, 7 BRALFT
(Bacteroides_acidifaciens) . EIZEEL41E _28_4
(Lachnospiraceae_bacterium_28_4) FIEA 2% [ #
(Romboutsia_ileallis) +& HFD /)N 2% B WA
HE(K Ta),

2.7.3 B AR A A A R R D e T o3 A
MR 168 M PRI TH T KEGG Bdl 7 1 il
FEDIRETIIN 3B, 45 5 W7 W 2/ R
FILFRICIIEN (78 KEGG /K- 1) Rk A B %
5 (b)), IFH, £ KEGG /KT, EiRA
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Fig.6 Effect of HFD on gut bacteria diversity
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Fig.7 Effect of HFD on gut microbiota composition

*3 EhFER=REKFEXNEERR

Table 3 The correlation between differential microbial communities and isoleucine

rk AL L AR A% R P&
£ A A (Clostridia) 0.69 0.01
#+ 23244+ (Lachnospiraceae) 0.66 0.01

gﬁﬁ%fﬁﬁ'(Oscillospiraceae) 0.68 0.01
J% B 3 H #F(Ruminococcaceae ) 0.70 0.01
% #F @ #} (Enterobacteriaceae ) 0.62 0.02
& WA H s (Parvibacter) -0.67 0.01
A % 45 I /% (Blautia) 0.75 0.00
R B HTA % (Anaerotruncus ) 0.59 0.03
H K% A B (unidentified_Clostridia) 0.69 0.01
AT H B (Enterobacterales) 0.62 0.02
F B TIE%) % F A7 % KA (Adlercreutzia_caecicola) -0.67 0.01
FHi SR B H k. 69 (Mucispirillum_sp_69) 0.57 0.04
2.3 HHmH 28_4(Lachnospiraceae_bacterium_28_4) 0.66 0.01
232 #1491 610(Lachnospiraceae_bacterium_610) 0.74 0.00
NRERERARRE (Mouse_gut_metagenome ) 0.83 0.00
RABATE (Acutalibacter_muris) 0.62 0.03
R BIERAH 13(Closiridium_sp_Culture_Jar_13) 0.59 0.03

3 #itHitig

KEWFFE LW, NP ) BE RS A FE B
BRI ARHBFSE LA C5TBL/6) /N BIFFE X 42, F
FHT 32 (58 A v P e B MR 7 A ST A ok s i A A
R 12 JE S, 5 05w A R RN R L s e
/I B i AR i 36 S 2 B T, 85 280 A i A
T YR B NeuN 3k W 5 FRAK, JF FL7E K2R FY
A RER I, RIS M BRI
PR BN 245 R B S IR ERSE 12 S/
FRAEREIEAEA AT TR A5 .

FAE 1969 4 Felig 25k B, 545 J% A 1)
AR 698 ()R AH B, IR AT 3R H BCAASs 7K
5T R BEE R AR R R K A T 2
TFF 75 450 0 42 W8 I A J KA S AR 05 1 2 1
A BCAAs K F-FHE, FFH BCAAs K51
FREEYIAHICE 2 FEARREGE T, R R4/ BULYE 5
SLER SO BCAAs K-35 38 v TP 4
T BCAAs B VA e 4 R5 15 % ph & DR b iy 8
FVER, HEMACEA S0 BCAAs KFEFHE T fig S
EJHEAH SCIN R D RERR AR A O, PR E , 1 — 25 X6 1L v
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BCAAs /K- FANHIIBEFR PR EA T OCIK obr . WIFSR
iR WoR, I 5w AR FE BCAAs KF Y
Morris 7K 28 5 25 AR ZR S g0 /R 28 BT 5 A E
PR PRUCECE B A G LIREE R S iR
5 1 RE A SC AN T REBE A 7] BE S5 76 28 BCAAs
R RITH A 5, ARBFFE BN RS2 A REAG I fii 2H
41 BCAAs i,

BCAAs B AMRNTEEILRR, HAgld ke
A SRR AR 455/ Rk E S
BCAAs &40, P4 /NRRCF 345 K E & BCAASs
T I IO i 25 5, AR IR R, W 1 R
FER R 25 BCAAs A A FEAf FFE 12 52 i {4
P BCAAs KPR, 25 58 5 B AN F A
JHERE AL BCAAs A= )6 100/ 5 fifk 1) g 1 1 7 2
BCNREAE R AFSEIE T 16S tDNA 475 il
P X WA/ N BRU B B R EA T 00T, 5 SR o, A
/NRIGE R 3 25 5 O 5 Wi R
DIRe T o #r s, g4/ BUAIE EHE BCAAs
A 0 AR g AR D L TR 3K 5 0] R ZEL R B S 3 AR ATR
H AT, 5 AR RIGEER BCAAs K- TH i AH ¢ 1Y B
BRI AT 2 —50, Hd A ikia s
55 17 [T & (Blautia) B F58 & (1) B R AR (Lach-
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Abstract

Objective: A high—fat diet is a risk factor for cognitive impairment, but its underlying biological mechanisms

have not been elucidated. Methods: twenty —four male 3 -month -old C57BL/6] mice were randomly divided into two
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groups, and fed with normal chow diet (ND) and high—fat diet (HFD) for 12 weeks. At the end of the experiment, the
glucose tolerance test (GTT) was performed. Cognitive function was evaluated with the Morris Water Maze (MWM) test.
After overnight fast, the mice were sacrificed and serum and colon contents were collected. Serum insulin levels were
detected by ELISA, serum glucose levels were determined by colorimetric method and HOMA-IR was calculated. Liquid
chromatography tandem mass spectrometry was used to detect serum BCAA levels. 16S rDNA amplicon sequencing was
used to detect gut microbiota alterations, and their correlation with serum BCAAs was performed by Spearman correlation.
Results: After 12 weeks feeding, compared with the control mice, the HFD-fed mice showed significant increases in
body weight (31.6 ¢ vs 37.5 g, P<0.001), body fat rate (3.2% vs 5.8%, P<0.001), area under curve (AUC) of GTT
(1 440 mmol/L +min vs 1 841 mmol/L+min, P<0.05), and fasting serum levels of isoleucine (1.27-fold of the control
group, P<0.05) and total BCAAs (1.16-fold of the control group, P<0.05). Additionally, the fluorescence intensity of
NeuN—positive immunoreactive regions in the dentate gyrus of the hippocampus was significantly decreased in the HFD
group (27 vs 12, P<0.01). HFD-fed mice displayed a decrease in the number of platform and the target quadrant en-
tries during the probe trial compared with the control group, and these indicators were negatively correlated with serum
isoleucine and total BCAA levels. In addition, the composition of gut microbiota in HFD group was significantly different
from that in the control group. At the genus level, Romboutsia and Blautia are the dominant microbiota in the colon of
HFD-fed mice. Bacterial functionality prediction indicated that gut microbiota genes involved in BCAA degradation were
significantly reduced in HFD group compared with the control group. The Parvibacter genus is negatively correlated with
isoleucine levels (P=0.01), while the Blautia and Anaerotruncuus genus are positively correlated with isoleucine levels
(the P-value were 0.00 and 0.03, respectively). Conclusion; Gut microbiota may be the link between elevated serum
BCAA levels and HFD-induced cognitive impairment.
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