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Effect of bee pollen on the gut microbiota of hyperlipidemic rats
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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.
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middle dose group, 45 A PM ) (400 mg/d-kg)
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OTU 1Y 4.77% ).10 (i M & OTU 1Y 1.87% ).
94 (5 PL & OTU 9 1.52% ). 6 1 (5 PM A
OTU Y 1.06% )F1 6 1~ 5 PH £ OTU ¥ 1.05% ).
2.1.2 Alpha SHEMEDH WL oHr HHIEE
FESZAEME (Alpha diversity ) SR U
HANEYIFP R EE B ZAEE (R 1), S5FE
FERIZAAR L, AR IR S ATE R 410 Chao
SRR Ace F6ES AN (P > 0.05), FWIEHE IfAE
KB E ARG, HmEfEFEES LA
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Fig.1 OTU venn figure in the gut fece
of 5 groups of rats

®1 SAXRMEEEREM Alpha ZEEEHSIT
Table 1 Alpha diversity index statistics of S5 groups of gut fecal samples
i 23 U IR [ SN PRGN 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
@R

. 519.527+11.211a  471.291+7.518a 495.101+£30.801a  475.355+£19.414a  501.746+20.133a

Ace index
) v
ék*ﬂﬁ_ 4.211+0.163a 4.204+0.081a 4.142+0.223a 4.068+0.065a 4.084+0.250a
Shannon index
TR AR R

0.052+0.015a 0.039+0.008a

Simpson index
P 5K Coverage 99.89% 99.90%

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

99.89% 99.90% 99.90%

KRR 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 MR LIE

, SRR, 3 D R iE
VR Z R N RRAESE (P>0.05),

22 MEEBIKREEE SR

22.1 KRIBEBEBITKEEHIT 5 AR
[l 2 A rp LRGN 2 A0 5 JEBE B ] Firmicutes
FFEE ] Bacteroidetes JEf# I | ] Verrucomicrobia

AZIE W] Proteobacteria, ZEfR R[] Tenericutes .
XL ] Actinobacteria , ¥ 4l | ] Cyanobacteria
1 TM7 4HEETEN R 8 T, 5 dEERES T
T & 2N ] F 28 Firmicutes, Bacteroidetes
F1 Verrucomicrobia, & FBEIEK 95.8% (£ 2 ), M
22 AT ARRIAYL AN AL RN . PR
FBUZIE Y Tenericutes 18 B I T2 FIXT B2
(P < 0.05), ek mflma KR piE D
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Table 2 Effect of bee pollen on the phylum level of gut flora in rats

1 =g pogiibiE] 1R NIRRT 2 MeAERRIE A e h 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
JEERETR ]
) 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
BILHEI]
. 0.012+0.003a 0.013+0.003a 0.039+0.006a 0.038+0.022a 0.019+0.004a
Proteobacteria
EQirn| -4 -5 -4 -4
. 0.003+0.001a 2.424x107°+£7.558x10b  0.001+0.001b 0.001£2.936x10 "b 0.002+8.460%10 “ab
Tenericutes
NPT
ﬁu?‘i‘ 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
TM7 H '] TM7 - - - _ _
— PR 'R,

— indicates that the bacterial content is too low.

Tenericutes £ & FfE (P>0.05), 525X R4
LTSI 2E 22 55 3 DMLk 7l 4 K R e
71 Bacteroidetes - E{KX T a5 A X HEZH( P> 0.05 ),
ZRITGIFE L 3 AN EER 24K R
" Verrucomicrobia =F & TR lEfR A4, [H2
FARILB R EIKF (P>0.05),

222 KXRBEHEEBKFELEHINT 2
FE b A B i — 20 A B @ A B, R
B8 Others, Mm@ JE Akkermansia, Bl
W J& Oscillospira #1 &l ¥ & K K # )&
Parabacteroides 1t 4 MNEJEFE S L 64.5%
(% 3). SFAXBAME, =S4 L
WAL, RN KRG E DT ER
Bacteroides F- & i & N % (P <0.05); =Rl
U 3 AEAEH R K BU%IE H Oscillospira
FREE R BT A KR E
re4-4 WHYFREE R E A (P < 0.05), Bfbk
F 0 K B E AT # & Bacteroides 45 i
EE TR (P<0.05), 3 MBI
HRFMIE 3 v 2 B8 Akkermansia 5 5 5
BRI AR LI 2 E S (P>0.05), H2ES

TGt AT S RmE 3 A s AE Ry AR R iE
IR JE Prevotella 21 5 = BRI 2 AH
R TR (P> 0.05), ZRIEGIHE L,

3 g

AR 2L 2 W B B 18 AE BE AR AT RE R O T
(1, oz 8 A 2ok TR 8 5 A S K
A (Lynch and Pedersen , 2016 ), H:H7, k&
IREEXT LA 18 AR P s i e R R o A 3
YISLs e, RS R AR S ) 1 d P RIAT
75/ R 8 TR U YR A8 4k ( David
et al., 2013 ), VUsh¥iglih FERemkIim A~
Wiz AT # R Bacteroides S4B fin, i
Kb &9 F B NMEmE D S AR Z W
H-F [CH R Prevotella ( 5K 55, 2015 ), ARFS
RIK A = Be ks, 221 KF L, IgiE
PRAE T 4T IR ] Bacteroidetes =F & i 25 T F%
iX 5 Turnbaugh 55 (2006 ) FIMFIT 25 RAH—2L
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Tenericutes 75 it b 35 /5 T-25 FIXT R4, X R
Tenericutes ] fig AT VE A Il IR 12 Wi /& B IMLAE P
FEAn B o, H AR U — 2l R e ok
WERH .

FEJEKE L, Seia g g, #H )
I AE Ry BB 3 K B Bt R R
Bacteroides & ik, i H & i 525 (AN AZH 71,
< WY B AR A RE A I 9 X s PR AR 2175 = 1 W TR
FERMG R TIER o (AAE BN, SRl
Ky K Bz B 3 2 8 Akkermansia 322K
W BE 3R, MR OO 175.7% A1 151.4%
Akkermansia muciniphila & N7 8 F—Ff#r &
PRI i AR TR, B A f AR VR ML AT LA i
VAT A PN 2R RV B A A A5 W B B e B 1y
BEARE AR IR I 2598/ I 18 Y- Akkermansia
FEE (Zhou, 2017 ). XFAIfHE 2Lk h & A
1 2 RY R FE TR, 229 BnT DL
Jif 5 A= ARG AR, [RIE I B0 EE P ( Cheng
etal., 2019), AWFFTLIREN, KK RS
Ik Bz iE T Akkermansia (97 BE . 1B 5 i BE
RIAA L 22 RIFA 3, X AT AR K B4 1
TR Y 2 T ARUE Y BEAERT 80, 5
SL ] TG R AE A T B TR 2 K BROR B iE X —
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