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B E [BH)] AR EERITIEIER S T E R ME R B i LA e [ FE] e
80. 400 1 800 mg/kg 3 UM, 53 HMA i MR AL ZH A8 0T BRZEL, % oo A I A Bl e e
60 d J5, FIH 168 rDNA 5 AR E KM N AW H I TERESS ) R 2 hetk . [ &R ] R UEE K B
T AN B 2 RE AR oS O IRALA T RS, HZd lbmE B 5 N AR e g, 1K 143
Mr, 5 KR IE S ERER ] Firmicutes. $UFT ] Bacteroidetes FIPEIM B ] Verrucomicrobia fi & 2l
B 95.8%Lh o MWIRAKTE FAHr, SaXBA M, 3 A0 7 5 4 i K Bl T 3T 3 s
Bacteroides, 283Kk /@ Coprococcus FllE 55 iK [K 1 f& Paraprevotella &£ & 2 T (P<0.05); 5 RIEH
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Effect of bee pollen on the gut microbiota of hyperlipidemic rats

LI Zhen"*"" LIU Zhi-Yong® ZHANG Yong"? ZENG Zhi-Jiang"*""

(1. Honeybee Research Institute, Jiangxi Agricultural University, Nanchang 330045, China;
2. Jiangxi Province Key Laboratory of Honeybee Biology and Beekeeping, Nanchang 330045, China;
3. Laboratory Animal Science and Technology Center, Jiangxi University of Traditional Chinese Medicine, Nanchang 330006, China)

Abstract [Objectives] To investigate whether bee pollen regulates the gut flora of hyperlipidemic rats (Rattus norvegicus).
[Methods] Hyperlipidemic rats were given three doses of bee pollen (80, 400 and 800 mg/kg) over 60 days, after which the
structure and diversity of their gut bacteria was determined using 16S rDNA high-throughput sequencing. [Results] The
alpha diversity index (Shannon, Simpson) and richness index (Chao, Ace) indicate that the diversity of the rats’ gut bacteria
declined, and that this was not reversed by bee-pollen gavage. The Firmicutes, Bacteroides and Verrucomicrobia accounted for
more than 95.8% of all bacteria found in all three treatment groups. The abundance of Tenericutes in the high fat model group,
and in the low and medium dose bee pollen groups, decreased significantly (P < 0.05), compared to the control group. At the
genus level, the abundance of Bacteroides, Coprococcus and Paraprevotella decreased significantly in all three pollen-
treatment groups compared to the control group (P < 0.05). Bacteroides abundance in the medium pollen-dose group increased
significantly (P < 0.05) and the abundance of Akkermansia in all three pollen-treatment groups increased (P > 0.05) compared
to the high-fat model group. [Conclusion] The gut bacteria of hyperlipidemic rats can be altered by bee pollen.

Key words bee pollen; rats; hyperlipidemia; gut microbiota
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ANHUNE R AR (EIFRSE, 2009 ), RER
ACAE Y AERD R W — B A AT, BRI AE
SEWERE A 5 AT AT B IR, HACRER
[ AT DU BIAE 2 E (35K, 2020 ),
MEtE bt R AR B R 1 R BRI —,
FEFFEE, OFEAR. ZEmR. 152K, B
R W2 R R Z ARG T R S (I, 20115
Kieliszek et al., 2018 ),

Jo 38 TR B2 — A RO E A R &
FERRS, ERHEEHARSILREE, Ho
T RMIEEHEL . EFRAATE X (Nicholson
etal., 2012), M7 BB R85 A7 T 1 32 g
RARKMEE, Wil wEEr 265 18 BRI
R ZTELA 2¢ ( Ehlers and Kaufmann, 2010; Wu
and Lewis, 2013; Vaiserman etal., 2017 ), #T1
JUER, FARAKE iR, AR e
KR TR ARk o 1o B e A P R A5 s e
R Z N AR, BIAnEE . SRR T
FUBE PR %% %5 ( Mokdad et al., 2001 ; Harding et al.,
2019; Taghizadeh et al., 2019), #R1M, WZ[EkE
YR A R R E g i B PR A AR
], s AN AR M . XAR W] 5 A iE A
Y ES AR TR G, ARG IE N )R Le )
2 4 FRE I T8 T A A i Ak LS A R I R IR
W, A 25 B AR ) S YR AR B AR (a1
A F WA P BN & R EO AR B A8
W IIMER IR FTF (Béckhed et al., 2004 ), 4
I, R KRR IE ML A0 T8 PR 2 — B
FEHGS . TR UEE R AL 20 . B2
G WS Y R TS R I 2 5 R
W A M 41T, ( Zhang et al., 2018; Radhika
etal., 2019; Santangelo etal., 2019 ),

BT I 5% 38 B R - 14 A6 49 B S 2 1S
REJi /N B T PN LR B RN RSB AT B 1) 1, (RIS
W AEII A X —BUR R A K, IR H A
O8] JEF O &40 B A B B AR D)%% ( Cheng et al.,
2019 ), N 13— PEM S A0 A X =1 B IRLAE 24
J B R RZ IR, AR5 R S A R R i
MR ILAE KR, WA A E N AR R 168
rDNA I 74 AR A5 A6 A X W 380 1 A 2o Rt

ARV T, LA S8 AR A5 1) 2R )~ P 4t
i«%é%%o

1 HR5EFE
1.1 BEEERNE~
FSEAEA I A 7= S BT 2245 (2018) 194
PRI
1.2 WY
T S92 6 K BRI SR AE VLG Hh R 25 R 3

SCIORHEE PO BRI N, KRR O,
1A 87-96 g

1.3 FELENEHF

R AR, 2 HEIERAL
1.4 BEEMER

TRHC )7 2 B4R 45 (2019) BYJTHE .
1.5 KRERK

W 24 RS MAE K BRAh 4 M. =
M HMESE B 20 g/d-50 kg ( B A& 400
mg/d-kg ) (25524, 2019), SCH6%E & IR s
20 (High fat model group, 45~ M), 4L
IG5 & 20 ( Pollen with low dose group, 4i5 K
PL )( 80 mg/d-kg ); #eAEH} 74 ( Pollen with
middle dose group, 4’5 A PM ) (400 mg/d-kg)
LAY =55 5 ( Pollen with high dose group,
455 ) PH) ( 800 mg/d-kg ). [m]Ai% B 1m] M 1E #
TR K BAE 2SI X R4 ( Blank control, 4
54 C), ZHRRERN 8 H.

1.6 XRIZERBMAE 16S rDNA WEFE S

5560 REUK R E M2 AR A P IRAT
BRLLHL 3 VRS, FH T UK AR R IE R A R T
1.7 HESH

B Y EEbR R 2R, SC s A
Statview 5.01 i T84T Heds 434 ( P < 0.05 ),
K H LSD 41L& b,
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2 HRESH

2.1 EEBMXTKREE RS FER R

2.1.1 OUT #itkB MK 1 aJLIIEAE, 5 MK
¥4 (C. M. PL, PM. PH) K HmZefErt
Ao BRI E] OTU £ 587, 535, 593, 565
1568 4>, Horfr 5 AN AHIE RS OTU £k 423 4~
5 ANLHIZH A HEFA I OUT b 28 4~ (F C
OTU Y 4.77% ).10 M f M & OTU 1Y 1.87% ).
94 (5 PL & OTU % 1.52% ). 6 1 (5 PM A
OTU Y 1.06% )F1 6 1~ 5 PH & OTU 1 1.05% )
2.1.2 Alpha SHEMEDH WL HHIEE
FEMBZRENE (Alpha diversity ) SRk UmiE
HANEYIFP R EE A (R 1), S5EE
RERIZHAH LG, WeAEA IR A= R 20 Chao
EHOR Ace FREUE AN (P > 0.05), FIHENRMLAE
KBRS E, KmEfEFEES LT

x1

B1 SAXRBEZEEHH OTU FRE
Fig.1 OTU venn figure in the gut fece
of 5 groups of rats

5 HKRIFEEERR Alpha Z SRS

Table 1 Alpha diversity index statistics of 5 groups of gut fecal samples

S 23 U IR e IR 2H EAERGR A Bk oA R )
Itf;ms Blank control High fat model Pollen with low  Pollen with middle  Pollen high with
group group dose group dose group dose group
A BLR AL
; 524.397+£15.364a  472.772+6.607a 499.806+31.274a  477.665+18.293a  507.186+27.322a
Chao index
v
ﬁﬂ}?.?géﬂl 519.527+11.211a  471.291+7.518a 495.101+£30.801a  475.355+19.414a  501.746+20.133a
Ace index
) v
%‘Z%?E.fﬂl. 4.211+0.163a 4.204+0.081a 4.142+0.223a 4.068+0.065a 4.084+0.250a
Shannon index
T AR AL

0.052+0.015a 0.039+0.008a

Simpson index
735 Coverage 99.89% 99.90%

0.055+0.018a 0.043+0.006a 0.062+0.022a

99.89% 99.90% 99.90%

FrPRATEAE S bR AR NG TR AR A B 22 A 3 (P> 0.05), ARITFRERRZER B (P<0.05), TR,
The data followed by the same lowercase letters indicate no significant difference at the 0.05 level between different
treatments, while followed by the different letters indicate significant difference at the 0.05 levle. The same below.

24 Shannon 1 Simpson 2 AT LIE

, S e AR, 3 AR i
WV Z RV TR (P>0.05 ),

2.2 MBI KREEE SRR

22.1 KRIBERBITKEEHIT 5 AR
[ 24 P AN 2 40 45 JERE B ] Firmicutes
FFEE ] Bacteroidetes JEf# I | ] Verrucomicrobia

AL ] Proteobacteria, ZEHR[E[] Tenericutes .
JXZEEE ] Actinobacteria . ¥ 4l # | ] Cyanobacteria
I TM7 4HEETEN R 8 W], 5 dEERES T
T & 2N ] F %8 Firmicutes, Bacteroidetes
F1 Verrucomicrobia, & FBEiK 95.8% (£ 2 ). M
22 AT ARRIAYL AN AL R IG . PR AR
7B Tenericutes F-J& i FH LT 25 B IR
(P < 0.05), ek mAlma KR piE D
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x2 BIEHWARBEERTKEHZm
Table 2 Effect of bee pollen on the phylum level of gut flora in rats

1 2% [t IR ZH iR NIRRT 21 MeAE R e Th R ek s Rl
Phvlum Blank control High fat model Pollen with low  Pollen with middle  Pollen with high
y group group dose group dose group dose group
HRETE
Eﬁ,@ 'l 0.429+0.029a 0.554+0.118a 0.460+0.077a 0.469+0.051a 0.533+0.044a
Firmicutes
i l.] 0.506+0.046a 0.361+0.131ab 0.305+0.020ab  0.397+0.060ab 0.268+0.040b
Bacteroidetes
A ”, . 0.048+0.028a 0.070+0.065a 0.193+0.052a 0.095+0.047a 0.176+0.084a
Verrucomicrobia
BILHI]
. 0.012+0.003a 0.013+0.003a 0.039+0.006a 0.038+0.022a 0.019+0.004a
Proteobacteria
KR -4 -5 -4 -4
. 0.003+0.001a 2.424x107°+£7.558x10b  0.001+0.001b 0.001£2.936x10 "b 0.002+8.460x10 “ab
Tenericutes
PRI
ﬁjz/j;@ I _0.001+4.656x10 ‘a 0.001+4.517x10 *a 0.001+8.300£10 °a 0.001+£1.852x10 *a 0.001%£3.952x10 *a
Actinobacteria
WEANEETT B B a B B
Cyanobacteria
T™M7 &[] TM7 - - - _ _
— PR 'R,

— indicates that the bacterial content is too low.

Tenericutes £ & R (P>0.05), 525 HXHRA
LTSI 22 22 55 3 DMEE R I i 4 K U i
71 Bacteroidetes £ E{X T 25 A X HERZH( P> 0.05 ),
ZRIGFE Lo 3 AN EAER R4 K R
' Verrucomicrobia F & & FEilRi A4, (H%
FARILB R EIKF (P>0.05),

222 ABRBEMAEBKFELEESHT KM
FE b A B i — 20 A BN @ A B b, R
FERJ® Others. X Fi2 HJE Akkermansia. Hill#
W J& Oscillospira #1 &l ¥ & K K # )&
Parabacteroides 1t 4 PMEJEFE L L 64.5%
(£ 3). S=AXTBAME, mARHRIg e
WAL, Al AR E DU EE
Bacteroides F- & i & T % (P <0.05); ARl
N 3 LR E A K FAIE T Oscillospira
FREE R BT A KR E
re4-4 W FERE I (P < 0.05), #4EhH
i 4 K B 8 AT & Bacteroides 4= i
EE T E R (P<0.05), 3 PMgEERHIE
YR B I8 35 2 T 8 Akkermansia 3 5 5
BRSRIZAH LI 2 T (P>0.05), HES

TGETHARE o TR 3 A3 4853 79 o8 2H K Rl
IR R Prevotella 32 5 & Je A5 AU 21 AH
2 RS (P>0.05), ZRIEG I E L,

3 g

AR 2L 2 W 8 B 18 AE BE AR AT RE R O
(1, Holz 8 A 32k [ TR E 5 AR K
A (Lynch and Pedersen , 2016 ), H:H1, kK&
IRBEXT LA 18 T A P s il e R R o AH 3
YIS E R, RS AR AR R ) 1 d P RIAT
75/ N 8 TR U YR kA A2k (David
et al., 2013 ), ViGN -k FERemkIim A~
738 TP AT T B Bacteroides 2N, 1
DKL &9 ZEM MR E D S AR Z W
75 G & Prevotella (KM%, 2015), AWF5E
KK RAE M SRR, 21K L, i
PRAE T 4T 1R ] Bacteroidetes =F & i 35 T F%
X5 Turnbaugh %% (2006 ) AIBF5Y 45 R AH—3L
HE B e X KR 5 Bacteroidetes B F
JER S R A, e BRASE A Z4H K B i rh
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Tenericutes 75 it I 35 /5 T-25 X R4, X R
Tenericutes 1] fig AT VE A Il R 12 Wi & B ILAE 1
FEAn B o, RS TE E— 2l R e ok
HERH .

EJEK b, Seia i ai g, #E )
a0 AE Ry BB 2 3 K B Bt A R
Bacteroides i, i H & & 525 FAIXT IR RRF,
2 I e AR A R A R 1 XL e PR AR 215 3 1 i 1 A
FERMG R TIER o (AAE RN, SR
By K Uz 3 2 8 Akkermansia 322K
MR B2 3R, MR 175.7% M1 151.4%
Akkermansia muciniphila & A&7 F—FEr &
PR g5 2R T, B AR HE i AR AE I R AL T DA
VAT A PN R R VR B AR A A5 W o B e B, 1y
BEARE AR AR I 2598/ 8 Y- Akkermansia
fFBE (Zhou, 2017 ), XFAIAERIEEALM & A
1 Z B2 15 TR, 282 i mT DA ik
Jif 5 A ARG AR, [RIE I B0 TSP ( Cheng
etal., 2019), AWFFTLIREN, KK R
Ik Bz iE H Akkermansia (97 B8 . 1B 5 R
BRI AA L 22 RIFA 2, X A] AR K B 1
TR & 2 T AR BEAERT B0, IS
S ] FJC R AR A VE T PR A TR K BOR B I —
e,

g LR, e K U 1A i A A A B
HHWER, (AEAEVIBLA R FilE—25 0157 .
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BN NN,

5‘:1:1@ Qn’g

REN %%%%u

i 23X & 43 Spodoptera frugiperda (Smith)%1 52

b O AR E T 85 H ( Lepidoptera ) #2MF} ( Noctuidae ) JF =l b SEPH #HT FNE Py S IX
2016 4E AAZAEY, 2018 FEEPH A% B B 5t & BUH-76 me WU AN AR B PRk 3 i il i [ 4%, 2019 4F 1 H

AR Ez m IRy fE 20 208X

B SRS A 6 MBI, 6 WA AR AT IA 35-40 mm, AL AT HEE (YY" AL

& HEFRAR Y A RIETTEARSIRY 4 S TREE. 2RI A I A2 IR B AR,

W H N 14-30 d AT LASE R BRGEEAL X 4 e AR i

T RE R A R

ik, T EBEEBE ST RT )



