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Abstract: By constructing a model of BPA-induced proliferation of MCF-7, we observed the effects of royal jelly products fermented by
Lactobacillus plantarum N1 on the viability, migratory ability, invasive ability, and cell cycle and apoptosis of model BPA-MCF-7. BPA-MCF-7
were used as a model, and blank, control and drug groups were set up to detect changes in cell viability, cell migration, cell invasion ability and
apoptosis and cycle before and after royal jelly fermentation; The changes in hypoglycemic activity of royal jelly before and after fermentation
were also tested by ex vivo hypoglycemic activity. Compared with the control group, the cell proliferation ability of unfermented royal jelly and
royal jelly ferment decreased, and royal jelly ferment significantly inhibited the growth of BPA-MCF-7. Compared with the control group, the
cell migration and invasion rates of royal jelly fermentation were 67.06% and 79.00%, respectively, which could inhibit the invasion and
migration ability of BPA-MCF-7. Flow cytometric results showed that royal jelly ferment induced apoptosis in BPA-MCF-7, which was mainly
blocked in G2/M phase. In vivo zebrafish hypoglycaemic activity assay revealed that royal jelly fermentation exhibited stronger hypoglycaemic
activity than royal jelly unfermented. It was concluded that royal jelly could induce apoptosis of BPA-MCF-7 after fermentation, with stronger
anticancer activity, and the hypoglycemic activity was also improved, which provided a certain theoretical basis for the development and
utilization of royal jelly.
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HUR NIRRT . XU A (Bisphenol A, BPA) & S5MERE FAA USSR AL 2S5 EH A00E M ANE T ERER
o B AT AZKAE H 3 A T el 2 (AN R, D10 BPA BEM BT S bRl B — e R e i e,
FLRIE T DL FEL A B RS AN, KB, AR B SRR AR, S5om AR IE R B A7)
WARG, RIS ED. TR BPA RERS (BRI MITR . SRR, 2K R Tk
BPA T, RILASIARALME . 5 P o it S ORI B AR AR i, IX AT REZ R Dy BPA BE SMfEER
SAREE ST MR 2 RS 5 1Y, T IRAEIE T BPA TG MR A H B 32,

I A NN B EFFINERI R B, BAAPUNE. . FRIIESEER, fEEZTIEAARRET
A & R RSO, Nakaya PV 7 2 WA T3 BAT TR ISR R A, 7T LA RS R 52 MCF-7 41
K kBRI FE 2 W0 13 AT LA 4T LA RGN BT A K, AN RRIR A I AR AN
] o

WF R & R AR v LSO g SR P s i i TR, ilan ) D= AR5 ik AR AR Y, /T
B S R UTIRVRBTThIRE B OB B e A et PO, RT3 2 H RIS p o L —Fhas i i, TR A
VIR SRCRE: FS 2 P 255, BB A . R FLAT B8 th A 20 7 P B i R T TR 1
Btk CAWAEIIX A BRI ER, 0T 3R LA (A7, (RIS TV 3 FLAS 2 KA AR
SN IR FAR) UK, PRI R S ARG i, SR ERA R T T . RIAHTE 7R
TEYIFUAT R N1 I IR T R, R Fi 0T BPA 753K MCF-7 ZHfuSsE. /. 228, TSI,
SIS ST I B R MURR AR, R 0 ORI I xR DX 5 f2 R bR

1 MR5RE

11 Atk

MCF-7 NFLAREA, o ERERE R s i T3, Wit B AT BRA 7 s AT 5 N1(Lactobacillus
plantarum N1, CGMCC NO.15463), Wil Tl K= Ihie &t & b,

12 EZ&H0 508

XY A, B KA AT JR4- L7 (FBS, SH30070.03), PBS BFRELZE M. — FF LT (DMSO).
0.25 Wt.%liERlE, BB TAHMRAR; CCK-8 yEA bt iliAA&, FilgRisEYRHARAR]; Matrigel
FE, 4 wt%Z KR, SEa Sl B REMHEARMITAF: JToKEEE. VUEmnE, iRz
LA AR FI-RERE, REEEm R NEAIR AR &, BRI AR AR SW-CI-1FD
BFTAES, TMLRDSEARGIRAT: HSW-150 HURE954E, RS s #s A IR AT CKX53 {88 5.i
5%, HHE Olympus A#]; Thermo FC FEFRY, 3&EZEER K IH/REHEARAF]; CR2IN v ms A7k 2 ol
Hitachi Koki 2] .

13 SRk

131 #IRREBSIR

BTRSRE TG 150 (mV) RS, TR EKE 118 C, 20 min, FRRRARREE] 28 Cha, BfhE
VR PE Y 110" CFU/ML FIEIIFLAT I N1 5% VIV (R4 K0), 37 CRIE, KIFLSHRE K%, 15205 RBE .
FRIRRIRER T VRN 8 AR BRI TR, AT K% . B A5 B IR 1 2 R BRI T 20 R RO A TR T4
H, 1S3 (Royal jelly fermentation, FJ) Flig¢EH A KB (Royal jelly, RI). PIET KRR
b ;e R-10-F838-2-240%W2  (Trans-10-hydroxy-2-decenoic acid, 10-HDA) FI& & NP bRiE, S8 ik 7 kb7
%[1310
1.3.2 ¥ I K st BPA-MCF-7 fafitLed &0t
1.32.1 R56TJ57%: CCK-8 Al 4ufais 1

(1) BPA SEEMERIREE AL : BUE KR RIF MCF-7 AFLRJE4INE, HeF2ZTh 310" NMERT 96
FLBR, 4591 100 ul. FRZHMIGEEE A FERER) BPA (10°, 10°, 107, 10%, 10°, 10™ umol/L) bR, 4k
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SEEEFR A8 N I, A RIESRIRFL. BT IRSL. 2 AFLRBH MR R FL AN 10 uL CCK-8 X771 90 uL MEM FEfitf
Rrgedt, BEECTREFRA T EESR 4 h, T 450 nm bl &R .

(2) AR RI. FI % MCF-7 4HRuiE 77 52ma . el KARGL R 471 MCF-7 4R 21 96 FLARH, 4HH
B 5 AR 290, 25 AZANEHMTAIRES SR, BIMSTIRALINN MCF-7 4R flog A ks 37 3E, SEIRAU NS RIR B
15 MEM }5 775500 RY. RV, RRAHEE 6 MR AL, BJERA CCK-8 1L T4 iys Skl .

(AR RILFIXT BPA-MCF-7 2 B34 5 A 52 il « 1 e IE TR BE =, IIANAS [FJVR 2 1) RI A1 FI X BPA-MCF-7
HHATHHRNE Ikl . BL BPA-MCF-7 48/ 9SSR, 73 mI DI AANR] o SR EE Y RI AT FJ ¥ (50 100, 500,
1 000 mg/L) YENSEEGZH, XREZH v BPA-MCF-7 it T MEM e ik, 25 Ot 4 v IE S MCF-7 41
i, FRHEE 6 NEFL, T 48 h JE IINAHR Y CCK-8 AR T 2 ThREREbR G AN 3 T+ F 41 A 77
1322  4HMRIIR L

LA BPA-MCF-7 4 N SEUamify, 1%I8ART} 2X00° NS AT 6 FUNCT,  FREmiffh & ik 3 80%~90%
B, FERIARGFREE, R 10 pL ek BB BORAE 6 FUNRZE A 17 M — =, [fif5 PBS ik 3 8, BRIEIF4H
BB, SRR T3 B R AR N TR, 125k 0 h FRIRIE . xRN MEM FAREAS 21 BPA VAR, 2
IR 1000 mg/L 19 RI A FI i, B4R E 3 /MEFL, K597 48 h 5 TR E Siss P i, o
AR
1.3.2.3  Transwell 4Hfiufz 22525

LA BPA-MCF-7 4 N SEEe i, IR ERT} 2X0° NS At T 6 FUNCT,  FRemiffh & R ik 3] 80%~90%
B, TR, 2 AHNIER MCF-7 4/, XHERZLIA MEM #3311 BPA ¥k, 29N RA =
WEE N 1000 mg/L () RI. FY VAW, FRHHE 3 NEFL. 29T 48 h 5, IILE OIEA, MEM CREILE)
RGN, KRR BN 10° A, BUHIRATTA I Transwell /N2 2 12 FLIR (JE£:sesh afeqeik -
BT, BTG R FREE B 1.9 LB TR, /N PUAifi 60 uL, FRMBKI G, NERTFEIMA
1.5mL 7 10% FBS f#] MEM ¥5373%, E= M 400 uL AHARER, BAWE 3 NEFL, Jaism48hJa, W
ZIH¥EFRIE, PBSELE 3 /G, /KRR DMEEE /N E N R R M4, BEfS I 500 uL i) 4%%
FHIEEE E 050 h, 500 pL [RI4h ettt 0.33 h, B FHEKTERELHESE)E, FHEAT, EETZ
e ISR IR
1.32.4  FRAHMARK I BPA-MCF-7 40K & 1A A R T 150

PL BPA-MCF-7 4HAIASRIGANAE, JHALE0, IIAEER IR E R, LIRSS ORI 2 A& IR I
BEMT 6 FLR, 1598 48 h G IIAASEFEIRE K F) (0. 100, 500. 1 000 mg/L), AFHEE 3 AMEFL, T
48 h JGIHALE L, THVA ) PBS B2, %18 Annexin V-FITC Tl & i BBk THE, BEJ57E 0.50 h 4
TR G T UG I AR T

PL BPA-MCF-7 4HAEASRIGANAE, JHALE0, IIAEER IR E R, RIS ORI 2 5@ IR I
BEMT 6 FLR, 1598 48 h JE I AASEFEIRE K F) (0. 100, 500. 1 000 mg/L), AFHEE 3 AMEFL, T
48 h JETHAL B, THA PBS Peikdiff, BEJEELNM EP B InATIA I 0=75% R T-EE, BT 4 Cukid
. BUHE g, e PBS &Y, BUb B4 A briciiibne (Propidium iodide, PD {EARAMERTIR, HAd
SNMNEC B0 Pl Y, =3 FRDEIE 0.33 h i i aNgu i SGEAT AU 2 i A 101 .
1.3.3 [&dntE 25
1331 o F & RIS D

1 EENEEESE AR RA SR

Table 1 Glucosidase activity assay system components and sequence

b SR PBS B #E pNPG PBS #E #ab ik
=E L 0 50 50 50 0 50
= e xR 0 50 50 37°C 0 50 37°C 50
Aol 50 0 50 0.16 h 50 0 0.33h 50
ALt R 50 0 50 0 50 50

o H B BT T SR A 2 BRIt 7 v, ER A R ERE A BIA MEH 0.1 mol/L PBS (pH £ 6.9)
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TSROEATICH] . BAMEXTREL BT RERE (Acarbose). MIAAHIIRGFIETE 37 CARMMRMNIAT L. b G
T 405 nm AEMEWOGAE, THEHAD®R|ER.

IR LRI Rz pl) 7] 96 FUBR ARSI RARF, FHE 37 COKISR BT N . 21BN
J& T 405 nm AMEWOGE, THEHAMHIZ.,
1332 B R MRS R ) ST

1E B N IRBUR B IEH K 4 dpf (days past fertilization, dpf) B/ AB R2BE ST 6 fLIH, 7L 32 )2,
3K 4 wt. Y% EEREAT 0.5 mmol/L (1) U 4AMARE TR A ATE 10 mL, K HIRIBH AR IRAE 28 CHFRFEE 24h &
5 dpf FRAFHERIGHLEL .
1.33.3 BTN BT L o PR AL (1) B HE VR ) s

TERAEE FEEHUE KR R AP 4 dpf BFAERY AB RBE ST 6 FLRk Y, 4341 32 )&, F 0.5 mmol/L Y% msne
+4 WY Z FEVR G AL BRI B S o PR . SIS A R AR IR BT BRI RIS R FIR-RIHE (Acarbose)
WhHE, AT ALE 28 CIORGFRFE SR 24 h 2 J5, EFFIHEFRME, KD alES] 1.5 mL 508, 8Ea5 10
cf. FRE IS, I 100 pL oK R, =iRFRE 0.25h, RIEHEER] 60 CHtFE T 2h. RETHER
EHIN 5 L AB4K . FOBRE E TR T 0250, &5, B2 pl VA, F a0 s 4 p o e,

14 Gt

SLYGE5RER ] GraphPad Prism 9.0 FA-HEAT /A IR PRZHEOE EUACR FTOIREAR T 4G50, 2 H AR AL
SRR 2275 Z2 93 A0 Tukey’s £, SR504E L Mean3SEM 7R, BA P<0.05 A4uit RN ZER . AFENE
TRHUERZE R R

2 FER59H

21 # IR FELEF 10-HDA G2

06 F 2 TR AR ISR 10-HDA ()8 B VPG 22 R B R I, DRIMAE NG 32 i R e Fe v DL
10-HDA & B F AR PEAbRME. B 1L e LAEH, TR F 10-HDA & S BE AR T T 3 & N &
e, IXRHEYFLNT B NL BEE 780 RIS IR P B =T K% . REERT TR 2 72 h I, 3T+ 10-HDA
(&)Y 1.58%, REZINHKCIE 96 h N, #8F 32 10-HDA & &8h 1.27%, 1 E S04 F 5 10-HDA & &1
RN 1.40%, REZNTTE 96 h i), 10-HDA &8 T E R ehn, REBFRAUEEREE, K IIRH
PEA e BRI T . DRI FH ORI (R A 72 h A e 28 R R BT 1] o

2.0

(%)

1.6+

i

<124

-HD,

S 0.8

0.4

0.0 T T T 1
0 24 48 72 9%
BT TE] Ch)

&1 &EHTFEF 10-HDA S EMTL
Fig.1 Changes in 10-HDA content during fermentation
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I HAE 10° umol/L <% N ARG 114 125.24%, AN AU & (P<0.05), AJLAS S MCF-7 ZHflik 1 5%
RIHEAE, IXTTRERE N A BPA SN2 IR B 32 AL &, I MM ZOA R 5 A 50, R e FH Mk
JERI%E BPA 155 MCF-7 4Hf% % LAY
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2 BPA Xf MCF-7 415 FIHI%ZNG
Fig.2 Effect of BPA on the viability of MCF-7 cells
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Fig.3 Effects of RJ and FJ on MCF-7 cell viability
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Fig.4 Effect of RJ. FJ on the viability of BPA-MCF-7 cells
FIH CCK-8 yEAHIIAN R T Sk FE Y RIs FI % MCF-7 4HARI S J11I52m, e GG g 251X e A 3 ]
PIEH, RI. FIXF MCF-7 4ifiE 15648 IR 20, iX3RBTE 0~1 200 mg/L JaRE N, RI. FI FEALXT MCF-7 44
M r=Az g, RIJGAHM R .
Pk BPA IR 10° pmol/L FE4HRIRAY, Xt CLog 4 BPA-MCF-7 4Rt 1745 26525, R
JREIRE R R AN F) AR NS, IR 4 1740, 2id BPA IYEH G, MCF-7 4 /123 EF (P<0.05);
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EXHRAIARLE, RIFI R AT LA MCF-7 4R HE5ERE /7, FREIREAE 1000 mg/L B, 4HA0E A2 T &A%, 4
M 122.04%7F1 75.40%; fEAFRIREIRE N, 5 RIAHEL, FI HIHILNAAAIGFERE /o0 MRIESEI04E 3, KR RI.
FJ 5 SR 1 000 mg/L 2 J5 SRAH A 28 AN A B R S0 A FH 1) S B
222 IR KREEF 3 BPA-MCF-7 taftit £ 48 7 64 %50k

M5 AT AEH, KR 24 h)E, 52 A4, BPA 7 LLEZ KL MCF-7 @A RE S, XalhER N
oA BPA T LA SIHYRIHAL 1 b Rz IR s Ak, (I B AR (AR i ik, ANITTHE5% MCF-7 4 it #% g /0.
5 BPA dAHLL, 23 RI A FY AR AR iU & 2 R PRI, R340 88.33%F1 67.06%, iXFKH] RI Al
FJ 3570 A4 BPA-MCF-7 4T A5 68 11 5 RI AUAHEL, FI 4LERAE 100 WA, X UiRH FJ #04] BPA-MCF-7

A AIIERS HE ST 5

BPA

RJ/FI(mg/mL)

LR (%)

1.0
RJ. FJJii & /(mg/mL)

T
Con

5 RJ #0 FJ XtE] BPA-MCF-7 4RBT RS &L SIS0
Fig.5 Effect of RJ and FJ on the migration ability of MCF-7 cells migrated by BPA-MCF-7 cells
223 ¥ I REEF G BPA-MCF-7 afitf2 2 68 7 49 %7k

RN Y PR T B o P . ® \1" . B

AR ERSS ! i . & 4 3
s g ol ol TR
o B ) Ay".;ig-_.‘:'- of gl w4 ! e 4

Con BPA 1000
R, FITLEKIE/(mg/L)

6 RJ #0 FJ %FER BPA-MCF-7 HAEIR 248 HHI RN
Fig.6 Effect of RJ and FJ on the ability to invade by BPA-MCF-7 cells
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M 6 HRTIE L, S5 A4HMEL, BPA £1¥5E MCF-7 R 226E 11, XA S8 SMEMERZ
PR G, FEsAMI R ¥ Snail 18IS #H) E-cadherin [FIRIE, /SRR MCF-7 &A= Bz AL, kg
N MCF-7 41222 /79, BF Fc2 0 BPA T LUK Snail fIFRIA, MIiAE MCF-7 4i % A 1 e Bk,
4R MCF-7 2022265 7%, 15 BPA 4L, RIHIFJ 4HAR1R 2234 5 113.50%7F11 79.00%, RJ F FJ 441
1RZ8RE 11 B3 NI, X3RRI A R 0] U] BPA-MCF-7 4122868 1, T FI BB F405%] BPA-MCF-7
Y HRIZ 2R )

224 IR K EF] 3T BPA-MCF-7 48/ 8 21 & 8 T 69 8w

A B
slat Q2 5.4Q1
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Fig.7 Effect of FJ on apoptosis of BPA-MCF-7 cells
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Fig.8 (A) Effects of different concentrations of FJ on BPA-induced MCF-7 cell cycle (B) Periodic distribution pattern of different
concentrations of FJ in BPA-MCF-7 cells
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WG RE 7 SR IR E B SRR A FIRIBAMAE 48 h 5, ZHAEPE T ELE] CRAPET -+ AT Rt
&, Horb Y BPA 44 AE T %R 5.60%. iZeid 100 500+ 1 000 mg/L i FI 43 & AUZRME -2 A 13.20%.
19.10%711 26.93%, HHULAT UL FI AT LAHIE] B BPA 5 51 MCF-7 400 T, FE MR T, HBE F) RERE
(M, 05 S R T R B A

MR R 8 Fim. BN Go/Gy 1. M AN S M. B NER G/M A, IR ELA7] RIZH i
L. L BPA-MCF-7 i A E AR, PR IIASIR] B sk B 1) FI RIBEZHAR 48 h J5, 5 BPA ZHAHEL, SKiRH G2/M
WIgmMB B s NGRS WIEEE R4, X3RRI ZiEid #f) BPA-MCF-7 4ifitt G2/M H15] G/G, %%
1k, BETATANMBRAZE G/M . X FJ GERSELIN BPA-MCF-7 410 W38 1k, EmPHI-4uM0s» 24, by
T
2.3 [t AEE M
231 o-F HEFEITE R

R, W B MRS, PRTTA I T I N1 4T R B T RE R A IOE . A
B9 RTLAEH, o1 % E EF B A0 28 BEAE i T SR FE R s A . FEARTRI SRR, RI (R4 3 B A
KT RO, 24 AR B TR F) 1000 mg/L B, R AN I M ZE 5751 30.57%F1 45.93%. HHI AT
W, AHEET RI, FI EA LRSS
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o0 _//

—@—  Acarbase
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£ 40 1
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20 i x§
0 T T T T T
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Fig.9 Inhibition of a-glucosidase by different concentrations of acarbose, RJ and FJ
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Fig.10 Glucose reduction rate of diabetic zebrafish treated with different concentrations of acarbose, RJ and FJ
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T, BT-RIEE. RI AT R B o o ) Fae MR ARG P, XU =F I B —E IR AR RCR . 7EAH )
FUEWRE T, R RI BIBEHERCRELF, XA RERBUATE R R i #E— € R BN Tk, fEHG A
VIRASE] T IR 32, B R T R B M B MRS MR b, BARAHT I (e 3 R = AT —
SE IR MG, (HIETRRE— 0 K Ik AT 3 B 2idl, 193G e —2H 55, XPERRIR AT FEBE A = e

3 g

BPA I MERCR 2 M55, (bl A AR TE, T S MR L R RS, G R R T R
H o WIFURPIEMEAEMGRIE T, BPA thaRslmdiclk SR @ i) — oy iR, i — At
BPA IEIEAIMI AR B2, AR DL ARIE R SCHR, W T AT PUMYR S B EE, (H AR 2 A e g R
T BAT FUMYE AP IR A it — DT, AT TR TR U IE N1 X EIREAT R AL e, B Fuig K
Zoid K R U M P RS . ARSIR I A AR BPA W LU 3 AFUIESEN MCF-7 IRI85E; Sig+HK
AR IIRALE, 0 IR =T LAl B BPA ¥5 5/ MCF-7 ZH/ 0 H85E . ITRARIRRET): IR TR
YT LMie it BPA-MCF-7 4T, JF BRI InE T3y BT SRR, BRI TR
PRI EE S R, R ARAE G2/IM SYIRH 2R 5t n, TSR WG SRR I P T LU A A i AE G2/M
WA REARSEREAT AR, I BT e s @A A SRR IS A I AL, fEANAh, RI AT R A
AREMAERCR, I HAEMFMFRERE T, R RREERCRE ST RI.

LR LRk, S TR, TR BA B o MBS E, APiErEaRIm 7 it
XK IR EA — BRI TR S I EIRAE T LN R A T B i — B DORAS R T
AR ESERRA, BEEIRNE DR SR T I A, AR A DAPRIE A S T I e B e, AR fs
BRI EHOR I BRI T — PR EIRAAAEIEA, IS I S B RS RS @ Rk, H
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