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Abstract: [Objective] To investigate the effect of high-fat diet (HFD) on intestinal microflora and
expression levels of inflammatory cytokines in hypothalamic paraventricular nucleus (PVN) of female and
male Sprague-Dawley (SD) rats. [Methods] A total of 24 3-week-old SD rats (12 males) were randomized
into 4 groups (6 per group). They were given either control diet (male control group, CM; female control
group, CF) or the 60% fat diet (high-fat male group, HM; high-fat female group, HF) until 10 weeks old
when the fresh feces were collected and total genomic DNA was extracted. For high-throughput sequencing
analysis, we amplified the V3+V4 regions of bacterial 16S rDNA by PCR (polymerase chain reaction). The
content of short-chain fatty acids (SCFAs) in the caecal contents of rats was analyzed by gas
chromatography. Real-time PCR was performed to analyze the mRNA expression of microglial marker
CD11b and inflammatory cytokines tumor necrosis factor (TNF)-a and interleukin (IL)-6 in the PVN.
[Results] Reduction in quantity and diversity of intestinal microflora in the HM group (P<0.05) and
decrease in abundance of the flora in HF group (P<0.05) were observed compared with those in the
respective control groups. The acetic acid content in cecum was lower (P< 0.05), and mRNA expression of
CDI11b in PVN was higher (P<0.05) in HM group than in CM group. [Conclusion] HFD can alter the
intestinal microflora of female and male rats, leading to the flora imbalance. However, the effect of HFD on
intestinal microflora and brain microglia is different between female and male rats. The HFD-induced
variation of intestinal microflora in male rats may be associated with brain microglia activation.

Keywords: high-fat diet; gender; intestinal microflora; microglia activation

bl R AR TE A H 2523, AR
LA BB ) 75 5 A i) S IR IR B R, R
REAIFREY, KREEAL RN IKE S
FEAAR I REIFERS . Ak D JHORD X A 28 R
SRR AR, M B XA 2 R 5
DyRe i E AL, (0 BT R K i
WA 2 RGO LRI RN 2 LD ANl B
44 W - - i 4l (microbiota-gut-brain, MGB)#
WA WT A& JE, B8 A CHLE A TR T I T

S TR

MGB J&— &2 A B pl 2 BGE %, BA XL
5 S . —JrTE, R B RIKE(E S AT
AR i 8 ) S i s A DI RE 5 55— T,
kA H B i A St mT LU 1] 8 45 K 2h
AE. AR N, SRR AT DL i iE
PR RE), 3 R S R /N e 5T 400 L 4 A DA T 5
HOT FL i h B2k A S i), T M T8 R R 1
S S N S A L 1 R 2 AR DM i

http://journals.im.ac.cn/actamicrocn



1894

Wang Xiaocen et al. | Acta Microbiologica Sinica, 2022, 62(5)

Hh, v RE R X i 1 TR 1 5 M 6 AN [ 331 )
WAE—EZRD, W5 R, ) a2
Pt 2 5 M) N 288 T G 1A 25 20 ) Mg 10 4 R 1) 4 25 2
IR, Wk, ATKAEE, SRKe. B
TR A R /) B JO 240 L ) 98800 PT R A AE — 7R
JERAH S, HLIX AP AH DG I mT BE 2 el (]
ENIUEA TSR TN PR

JTIER X —SE A, FRATREIH T MGB
XA, LAME. ME SD KR T s,
KA E IR E 5 IE R R # T x BSL, ad
— Ry EORR I AT TE R R R T
TR ARl 50 4 K B 1B R ) B A SCFAs
A5 AL, I FH R 5G 25 A1 232 A DB AR 5 A [
PERIR B PVN X HPAH G20 il ) mRNA
FEREFIBIKF, INTIHE = BRI . W 18 TR A M
0 J S A M ST B R, AR SE W IR AR X AN ]
PR SD K B 1 TR B K PVN X /)N 3 41 i
ngip-A e

1 ABREF®

1.1 Iz

SPF 2% SD K 24 H, ME#E#F, 3 JHil,
W H AL e B AR B A BR A |, AR
WEVFATUES . SCXK(5T)(2014-0004), i % Fin]
Jedbt s 2z B L sh# sy SPF i iR)Z M=
Wo ARSLIGFFA e N RILFE S Sk dr ik,
I8 LG A 2 B S PR B2 Bt 2 AL I
SO R B s A =R, R
ek /> s 4y (5 5 R s 0 )RR
1.2 AFIELEH

FEMEANTH DNA FEBGAF & (At B4E R I
KR A BR AR s B W 929 J i B i Bl e
WA & (LR BB A BR/AA); Real-Time
PCR {5l & (AR IR R E D H AR A R A A

BWRAS (FIRBHE ) s 2508 (1 75 1 H

P4 actamicro@im.ac.cn, & 010-64807516

BRHY AR AT]); TGL-16K B5.OHLHRE X
LI E A ABR AT ; VOTEX-5 i {3 (HAk
DURA BRI ) 5 Vo VR TR BLCT B W AN A A FR
N 7290A-5975C AR (AT - T IR FH A (36
FE ZEE A F]); MR B AR (3 [ Rainin PiPet-
Lite); JC RNA FFEl.0 (AXYGEN); Icen-24R
1R VR R B HLOBT M L) ;s GE48527 PCR X
(FeMHIE); 2etE R PCR {X(CFX-Connect 96
Bio-Rad); MTV-1 f A iR eI A 1L (BT B
1.3 mER

TR T b st AR B R AR W R B A BR
A, FATUESR S . BUIAEIE(2014)06057, HiA 4
FR R (S 1022, AR : 22.47%, &N
12.11%, Bk 1) 65.42% , Bt 3.42 keal/g);
FIRRIRS . H10060, AR 26%, Bk
5 26%, T 60%, RER(E 5.24 keal/g).
1.4 S¥45r4R

24 DML (3 JEI)SD KR, MEMER Y,
BE ML 20 B %o BR 2H (CM) . I X6 BE 2H (CF)
Mtk S IR (HM) . M S AR 4L(HF), 3t 4 41,
B 6 Ho 4 UKL TR RREE B PE
7 dJE, XA (CM&CF)mME4e e, &
JEZH(HM&HF) M2 60% = ikl 2 10 %, 4
FEBE IR 12 h 288, #HlENIREAE 22—
25°C, MBETE 55%—65%, EHIFIK H HEE .
1.5 #AXRE

FIIRIRE 6 JRUG, WA A1 K RO BT I
TTG Y ZEEREAS, Ol B T A, 80 °C
A ¥ 4 ARRRERBSE Bk, kb
SREE PVN X8 N 41 22 10 B A,
—80 °C frfrsHl; REHFHANAEY), HaHE
TR, —80 °C {FAE4 ],
1.6 16S rDNA SEENFERNFHKK
RERERE S M

FEAE B AU BAERIL R B A R A A,



TR | A, 2022, 62(5)

1895

PHaREA TR B DNA 9 16S rDNA T RE 3 H 55
XJek, FF% FH Hlumina MiSeq & *HREA
YIS T I o T ALEdE 4 QIIME(V1.8.0)
BAratug . PR BBRik G, B uclust 72
IR 7 1 X0 A0 B FE 4 45 AL BE = 97% 4T OTU
RE, BN EEKWTFINCERTI. R
J& ¥ H uclust (version 1.2.22 http://www.
drive5.com/uclust/downloads1 2 22q.html) %% 4}
JEXS OTU AR PP 4 BEA T Wb e e i, 4%
A OTU 4325 2 W TAMFE DL EARiE
) OTU IR RO ZRANG 1 o AR YR E RS,
B, BEICE ] (phylum) FlJE (genus) 7325 K |
B FPARXS 32 B O3 A TR & . A mothur %%
(version 1.31.2)IH G IEMAEY) o ZHEE,
Chaol: RIFTEM 45 BEAEE, HLMN TR
iy OTU #H (A= 1),
Schaol=S,,stn;(n;—1)/2(ny+1) AN
Horp Schaol St OTU %L, Sobs WL
FH OTU %L, ny N HA — 7411 OTU 4(H ,
n, K AP S OTU % H .
Shannon: FIRAESEEGL H RUEY) ZREMESR
WZ— (3 2).
H=-%(P)(In Py ~H(2)
Horp POMRERL B TER 1 AR o],
TORE S S AAEC N 2R iR MAECN o, W P=ny/N
KA ZIE, RS BCERIS), H K
1.7 SHEBIEERNEM TR R
FEAGR 2 B RBHEA RA A, HEATH
Wb, N 3 2R 23\l 7290A-5975C X,
FH T - B K AL (GC-MS) X FEA HEA T4
i SIM SRAE & A T FFEE -, FIH
Mass hunter F AT, FIIARAERN 4T
T
1.8 Fx¢H4ZR RNA IRERS ERERE S
FEA R B i RPURIRBHE DB A IRA A,

T T IR 4 ZUE RNA S50 R, H2 [ b
JPEAT R S, IR R ST E T 4°C R AR
% Ben, B4 17 1) cDNA #5417 PCR 473
ST EN R 1.
1.9 ZHitFEHHH

P SPSS 26.0(SPSS Inc., Chicago, IL,
Version 26.0)48 i 2% FAF X5 £ 17 4 it 24 o
BT, BT A 00 119 53 B 25 SR 28 AT S5 B b v 1 22
(mean+SEM) 7~ , WAL LR A ¢ R
(t-test), K Spearman A2 22 £ AT B KRR
PVN [X CD11b % mRNA FX} 257K 5 H g
T A ZRE M OB W T R AR G
P<0.05 NI EESF, P<0.0l AR BELS, A
it E L

2 R

21 MHAKXKBRFEEERN o SN

T WESE HFD XA [a) 1 51K B 3 o
ik sz, JATE SCHIH 16S rDNA ¥ 234
T A KEIHIE R o 2RV, 03k 2 Bk,
HM 4 Chaol #50°M 350.6£80.09, & #{& T CM
2 (P<0.05), i B HA CM 410 T8 1F B 5500 i
/b HM 41 Shannon $5%0k 3.90+1.11, 21K
T CM 4(P<0.05), Bi I HAL CM A HE 2+
PEB] /0 s HM 41 PD-whole-tree f5%t N
26.13+4.11, AT CM W B E W/ NP<0.01),

&1 3¥9F%)

Table 1  Sequences of primers

Primers Sequences (5'—3) Length/bp
CDI11b-F  CAAGGAGTGTGTTTGCGTGTC 204
CDI11b-R  TGAGTATGCCGTTCTTTGTTTC

TNF-a-F CCACGCTCTTCTGTCTACTG 145
TNF-a-R  GCTACGGGCTTGTCACTC

IL-6-F TGGAGTTCCGTTTCTACCTGG 219
IL-6-R GGATGGTCTTGGTCCTTAGCC

The annealing temperature of all the primer pairs in table 1
was 56 degree centigrade.
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&2 HFD WAEMH SD KEMEER o ZHMERFNT
Table 2 Effects of high-fat diet on intestinal microbial a-diversity in SD rats of different gender

Groups  OTUs Chaol Observed-species Goods-coverage PD-whole-tree Shannon
CM 407.67+54.85 409.25+21.52 531.22+26.86 0.9967+0.00027 28.87+1.08 4.54+0.35
HM 370.83+£61.67 350.6+80.09* 438.224+93.30 0.9975+0.00045* 26.13+4.11** 3.90+1.11*
CF 421.17£21.79 485.9+61.70 398.03+£54.31 0.9973+0.00038 28.87+2.36 4.30+0.97
HF 359.80+80.98*  450.89+71.01 360.82+60.68 0.9973+0.00032 26.724+3.33 3.57+0.77

X+SEM, *: significant difference at the 0.05 level; **: extremely significant difference at the 0.01 level. CM: male control
group, CF: femal control group, HM: high-fat mate group, HF: high-fat female group.
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HM groups; B: comparison between CF and HF groups. CM: male control group; CF: femal control group;
HM: high-fat mate group; HF: high-fat female group.
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Figure 2 Intestinal flora of SD rats showed significant difference in relative abundance at phylum level. A:
there is a statistical difference between CM and HM groups; B: there is a statistical difference between CF
and HF groups (X£SEM, *: P<0.05). CM: male control group; CF: femal control group; HM: high-fat mate
group; HF: high-fat female group.
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Figure 3 Relative abundance of intestinal flora in SD rats at genus level, A: comparison between CM and
HM groups; B: comparison between CF and HF groups. CM: male control group; CF: femal control group;
HM: high-fat mate group; HF: high-fat female group.
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Figure 4 Genera with significant changes in relative abundance of intestinal flora in SD rats at the genus
level. A: there is a statistical difference between CM and HM groups; B: there is a statistical difference
between CF and HF groups (X£SEM, *: P<0.05, **: P<0.01). CM: male control group; CF: femal control
group; HM: high-fat mate group; HF: high-fat female group.
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Figure 5 Analyzed the similarity or difference of
high-fat diet to intestinal flora of SD rats of
different genders based on the Unweighted Unifrac
distance PCoA. CM: male control group; CF: femal
control group; HM: high-fat mate group; HF:
high-fat female group.
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Figure 6 LDA Effect Size analysis of biomarker of intestinal flora in male SD rats. A: comparison between
CM and HM groups; B: comparison between CF and HF groups. CM: male control group; CF: femal control
group; HM: high-fat mate group; HF: high-fat female group.
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Table 3  Effects of different dietary treatments on contents of short-chain fatty acids in the caecum of male

SD rats

Groubs Acetic acid/ Propanoic acid/ Isobutyric acid/ Butanoic acid/ Isovaleric acid/  Valeric acid/
P ng ng ng ng ng ng

CM 825.554+98.09 384.11+50.01 51.01+7.70 623.62+105.90  37.16+6.78 63.68+10.86

HM 413.28+29.87*  282.73+24.85 53.04£7.17 476.324+34.56 45.06+5.90 75.93+3.39

X+SEM, *: significant difference at the 0.05 level; CM: male control group; CF: femal control group; HM: high-fat mate

group; HF: high-fat female group.
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Figure 7 mRNA relative expression levels of
cytokines in PVN region of SD rats of different
genders (X+SEM, *: P<0.05). CM: male control
group; CF: femal control group; HM: high-fat mate
group; HF: high-fat female group.
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Table 4 Correlation analysis of mRNA relative expression level of CD11b in PVN region of HM group rats
with intestinal microflora diversity and acetic acid content in cecum

Absolute number

Correlation variable (S:io;e.fficient CDl11b Acetic acid Chaol (_):;)S:Cr;zd Ev]l?(_)letree Shannon of species at the
genus level
CDI11b (2-tailed)  1.000
Acetic acid (2-tailed)  —0.683"  1.000
0.042
Chaol (2-tailed)  0.233 ~0.007 1.000
0.546 0.983
Observed _species  (2-tailed) 0.167 0.462 0.636" 1.000
0.668 0.131 0.026
PD_whole_tree (2-tailed)  0.250 0.420 0.657" 0.958™  1.000
0.516 0.175 0.020 0.000
Shannon (2-tailed)  0.083 0.524 0.287 0.797"  0.671" 1.000
0.831 0.080 0.366 0.002 0.017
Absolute number of (2-tailed)  0.378 -0.004 0.521 0.792™  0.778"  0.563 1.000
species at the genus 0.316 0.991 0.082 0.002 0.003 0.056

level

X+SEM, *: significant correlation at the 0.05 level; **: extremely significant correlation at the 0.01 level.
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UTAER, o 1 TR B T AT Ak
HAEM A 1 sh 25 HUA R m B R . 78
A L B AE 3 T BRI A ) 2 R 22
FEPER IR 0 B 18 ERIE RGN KT, JF4E
R 1 AR AR BB A% R e fi 1 TR
WREARZ, HA RS 25 0 A 5 il
e EEEEZ U RERATWIE 2R B
N, R IR IR B AU T K R T TR R S
M R Z AR, X AN ) 1 0 O B g 1 T
FSZ IR BT AT . PCoA T &K B, BRI
R T ARIE MBI R 0 fp E R 22 5%, 48/ T A
[Fi) P4 530) ) ) o T R 2 5 o R I R AT R B
SIEE R EHAM L, RIE 2K U Y IE
WARHFERRCD, a0 HM i AR TR T AP
11 M 983 B BR & (Ruminococcus) . Mucispirillum;
HF A AT 1] B FLFF & (Lactobacillus) |
W G & (Prevotella) /v, 1A EREER L,
4n TM7 . f-Erysipelotrichaceae . c-Erysipelotrich .
o-Erysipelotrichales %5 . V4 FIFHEEIR,
NEARE 51 B 18 R A e s, JCiexs TR
PEM B R BRI, #IZ T, Wi, &
N R REGE U5 A M | e O B A g 1 TR A O
o T 18 A S B R RS K B E VI
KB IR SpE R R R A S E R T,
X — 45 R A REAR AR T O AT A IR IR A
AR Z R R fa R R, dar i,
Y- M 38 DN TR A R AR R T A AR S
HE,

PRANA, HRRR A 28 2R G810 3 0 R AT
TREARBCN REEE N E PR, WiE W
FER WA G M RGBT LR, AP /R 2%
HEERAE « THAE AR . 2 R PMEREALAHOG, ok
MO, WHMARAE S 28 R 58k 5 Rl

PEFIG, A A PRE AL KR U T g
5T 24 B P SRS AR A A I e T R 4 T R
FEAE AN, N 5 A e — 28 43 A T R AR
Z 4 (central nervous system, CNS)AY EL W4 Jitd ,
J& ONS A E A e i, J& T 28 S5 4 i
(R —Ffr, B DA Ay 2 i S B 8 S I ) A
JA B, S X o 2 28 G540 R G PN R
PEGRE R RO NI AR A TS AL, AT KN
MATTHIIRE = AR, H 2 REM LT
BET=17 . T SCFASs J& 4 i3 P 1R £ 2T 24 4
R R A, 305 A R = G Y
A T, LT RIS SCFAs AU A]
DA 23 i o 57 B0k A 28, i ELA P A
JeHIEZ W . IR T iR, wsmalg b T —8k
TR BAE T IR, S5 R AT S P84 o
—IRFGE 2, SCFAs HA /NI B 4n i fa
AMVER, DISLTER] T 15 35 40 58 X5 /N i 5T 41 i
[ BRI Re A R ER, B R 220
A YRR REAE — 0 R BE b 2 1E /0N B 5 200 i 1 4t
1,

FATH LA 4 HK B E W SCFAs & &
K HE PVN X CD11b, IL-6, TNF-a ) mRNA
XTGBT LI, 5 CM 4, HM 41K
E M IR NN T R & s XA R,
Horp 2B &5 TR R (P<0.05); Tfif PVN X
CD11b ) mRNA A X} ik KF 0 8 3% F 5
(P<0.05), FRATHIAHICHE BT R, HM 20 KR
Bt ome & 5 PYN X CDIlb 1
mRNA FKik/K P2 MG, HHEREE 0.683,
I CD11b R/ Mg R bR, HFEAK
SR 22 2 Wit A /NS T AN B4 3% Ak T B in 22
Erny 2PV 13 SEEGUERA , A8/ BUOK S Es i
THNRE . TR ZBRMEIESY, U
4 JESRREHIG /NI A I . TR A A
MBpE, XS5 RATAI AR Ao Ak,
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LDA Effect Size /3-#7i7, CM 2HK B IEH
BE WA Y ks & W LA g Ruminococcus Fl
fﬁwawwwwﬁI,@ﬁWﬂﬁ%ﬁ%L
WMELF| HM 4K B8 5 19 Ruminococcus &
A B 2E 00, T Ruminococcus T g 5
R E i R, ATk, 3K
HM A RBREMH IR & F IR R T e S
IR IR RS 0 T R SRR AR A
Ko L BFTR, RATERUESE T m AR Al
o TN K B I E E R E BN R
HSRTH, SEHM PYN X CD11b ) mRNA
AEXF AR KT T, DTN i /) i Jo 248 B 7 33
TE TG R T 500

SR, FATEE HF ARG W g m
6 Fl' SCFAs &t 5 CF4IL T xR, 5 CF4
FIE, HF 44K Bl PVN X/ CD11b,IL-6 . TNF-a
) mRNA FHXT B K TC I B 25 5 0 04
2B e i TR P S0 1 K U TR B e ]
FE AN 23 38 2o 52 e H iz 18 TR RE B A8 4 Y ek
Ay, T mHEEE R B PVN X CD11b, IL-6,
TNF-o ) mRNA AR RBKF, R IR
SRAT DS O v R BB R, (HATREA
SR N BTN TE AL . X T SE T 4 AR S P
PR 22 5, RATINC, 5en] G 80X Fh 22 &
TR 2R AR MR R o Org S5 5 ot g i /)
B 2o SR /N BR P A T R A T X L, 4
SRAEHT T P53 18] T8 T AR P R L ) 22 S e —
ERRE FIEMPEMER A T KEE R,
WEBCRTE Z R Th S R #5 T BOCE SR &
TP ERR, SR, FRATA 56 M ASBEAT
RS e, R, X MR B9 #l 2 R 3m VE A
Je HAE FABLHIAT e i — 2P SR

AR RS, "IBREHEX T
HEPE R BB SE M B . sk, FRATT L EE Xt
AEPER] SD K B 44 2 AR I kAT 1 AF
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