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P B AL 28 d ADRETRICL23 550 S iR,
P B A R B v i e ) B A R BT A B 1 )
FIBE1(BACE)VEPEFIAB RN Mg 4 [ i RS ok
SR ADIEIRD. Al B A R AT L PR A PR B
SR 4 oo 2O AR 3 2 R A BB AD /M R
WRBR R AAR O b 2 BE R AL, (L BLpERE 51 A
BIEERE SH-SYSYAIMITAU S H /K A4r B 1,
B LHIR R T INK 3842 % caspase-3i0E . 202345
i [F 27 R RAEBiomed Pharmacothertit 708 7x, $REL
H 45 BRAE 1 R SR BH R 55 1 B 21 R 08 301 1 A BV K A 2
FREE, FHHAE D RABTIE, 7EshWiEA it e £ W]
R R AT L IZRERS . PR SN B B TR,
WANE I KRR B 2 PP OSREIR A, tnfi 2 7
BERERE . D-Blis EBESS, TERR MBIV IT I ST
T R FE R 2. AT 78 F ADZE FR B CL4 176 711
CL2355% H /i H 74 B ARt wk g7 ik, PEAS
X BI] ZR IR BRI (52, SR R R R R 1Y 22 4= A
Rt s%,

1 ko5 %
L1 Aet

LR HURCL4176 dvIs27[myo-3p::AB 1-42::let-851
3'UTR+r0l-6(sul006)]X, CL802[smg-1(cc546)1; rol-6
(sul006)I1], CL2355 dvis50[pCL45(snb-1p::Ap 1-42
3'UTR+mtl-2::GFP]I, CL2122 dvisi5[(pPD30.38)
unc-54+(pCL26)mtl-2::GFP]3)I H Caenorhabditis Ge-
netic Center (USA).

1.2 LIk
121 SEExRREEF NI ®

2k U IR KR T S EOCHER[ 1], A 5T A
FHER R N R R, REFR1E16°C, CL4176f0
CL2355%5 82 3|25°CE S APRIE. CLA1T6ENE AR IR
WaRILDEAB, &RARFEFE TUEREE K.
I, CL4176AE KB HIE, 1A DI R b 85 77 2
PR, KRk N GMES 77 L B ) VR W R
FREN2.5 g AR, 3 g AbBh, InEBEFKEREIL,
BB IR I LB A 1.8%. 1 KB J, IHN25 mLfs
TR ERGZ T, LA1%o B LLAFI S M gSO4 (1 mol/L).
CaCly(1 mol/L)FIJHEEE(5 mg/mL). #3535 411

Escherichia coli OP50MRFFIEINGMAMR I, &% E:
7, DL RS2 it 35, 2R RBEM B Btk b, e
T T WS AR N A RE IR AR, FMOZE Ml
Ve N RFIHEE RS mLEOEN, HEY2~31k, 775
ZFROPSOME 1A, £ B H N A\ & 24 (H,0:
NaClO: 5 mol/L NaOH=12:4:1); Zf#52ke, InAM9
LRI & Ik [N, 4000xg, 25002 min, PEiESHE DL L,
IEECS IR N E: 5 A Rt S & SN ey 5 4
F|3 cm I, HEEMOZE MK, BT 16°CE M
AT AL,

122 SLERELR

2 tRRRBSIZIG 22 IR SRR 12]. P Sk R 22 BkEX10~15
M A IICLA1T6 % H TS ie i ik H =0, 2 hj5$k
R, d R B AR 50~601; JEIRAE16°CKFIL3HY
B, SR FI25°CIE FARF=E; BiRE24 05, 4t
THEZIO AR b d i 28 RS 5 ARHE LA oK,
TS 06 WL 5 B 635 FE 40 hAC AT RRBEHERE N, B IR
40 hfG IR TR R AL, YU MEE, kR 223k
B AR T B R RS, ICNRRE, 2R hEiit—
R, BEELHSEAROE,; TR AN ] 5028 dRR
2 VR RIS h 22 (R PRI 2o =A% SRR B HR /i ).

123 #fhi

F #5256 (1K ARG NGMR, 78 40 B3 T v
SRR ELAR S SR F O EAR N1 em BB, 2 BlbRic A
ARIB. TEFHRIA % & AR FIBIE [.000.5 cm4ith 53 7))
Bl pl 0.5 mol/LEB R AL, ARIECMNT uL 1% =2
Tk (95% L EH %), BB O N1 pl 95% B, KZ1150
SRR CE TR IEF 9, 1 h/E4iFAREIRIB
R, ETRE(CD=((A-B)/ & 11 %)),

124 ZZB—IU& A mEc ks> Lk

SIS IR SCER[13]. = ZMent T4 = g
SIHEPDIT, SR STE T B FINGMAR X 26 i 4T —
LR T B A0 3, P2 AR LR IBCAR 1t 2 =, 42 UG — 2Tk
KU RSB, BB IR CL2355FXS B ik
CL2122[A 54k J& Ak B B 1 28 s fh B s 36 iR 17
16°CH: 7736 h, Fifi 54 25°CH; 7224 h, i FARE
5. BR TR 80 H TR IIAE R RIS T
e, —H B2 L EYHFINGM IR (6 cm) L,
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2 IRAE: RIREARF T ADZE SO R/ FHF 7

AT T ERI2 pL— 24l 5, 7E25°CHIIZk1.5 h.
ISRGE TR, K28 2 2] .

125 #HELIT

ST ok T BB ] ANOVA 2 HT ST A Aok 7 0
ADRRAI M, it H K H GraphPad Prism 53
7. BABIRHER A B3N EMEESE. nsKR LY
72 53 (P>0.05), *FNH 2 7 (P<0.05), ** &KL 7
B3 (P<0.01), *** IR % AR R 3 (P<0.001).

2 R

2.1 HARKERFLRF A% HL

RARE R IR 2 B AE D S A R AR 2
W), P AR o Ry BERE BEBESR . KRR
HoAth, ANFEZEAY, E AR IR R IR R A
B RS R HAAERKER. 456 ik, &
WFFEREL T AN (4B S, 2RI, 1 SRR
F8 1 K R AR R, PPy LA B JR 2 R 5
RIEZME (2 1).

2.2 BEEF IR RIS B 21 5 9 2R 14 5% M)
P SR 7R 2 SR H E AR, B R, T2 N T
P2 2 J B oin T, 22 A Ve ON TR) B A v R SIS A ) e
FE B RN A A I WS B T . B DURAR L
FH . AR EPRIE 4G R A AN FRE A A R
FEROR, A—E Mt RAHME. A IEER
B, 2 mmol/L% PURH RElH CL2355 ARSI K I
PEPI 10 pmol/LAR J2 7 A8 A 20 05 CLA1 7O R HR
0 BA P X R DO AR B F Ve IR B, W B
BAEEO. 10 pmol/L. 100 pmol/L. 1 mmol/L. 5 mmol/L,

F 1 HRRARFRF R

Table 1 Description of the targeted natural sweeteners

GuitAS IR B ] SUC L4176 [ BRETIE L. B P X B AR
CL8O2ANKIBAB, Lk HUAFRIER. AMipEF 25 EH R 2268
ANFIFEEE R AEZECLA1 768K, HAR B FAIEH 2 W
BRI B (1), DA SEIe g ML, Btk R
SRR IR T 78 1 1A B0 2R 2% 0 BRI B 9 R

2.3 BETERR SR EHWRFNRT o 2R 95 o BRI 14 5% el
R T 2 AR R T AR R 2 5 B AR V2 ) — 25 i
R, BE AT LA AR T Hr A HL, ] LLd i A 2 A B
PAF, Ko raW_ 208, B REERER . AERE.
Ll AW P S B SS A OR R B ALAI, 2 T AR 0 b
B £ i, I {8 AT R 2 TR i A R L 5
TS, VPAl R R S BT R TG AD B R, Al 1A [
TR BEE SR AT A S T R A B B C L4 176 JBR 58 22 1) 5
me. 25 JLR B, FREEERE B8 AESECLA1 76K, T .5
EUHNE(E2A); ARBEREVE A 235 (K12B).

2.4 AT ARFHWR XS By 2R 9K 16 R 14 5wy
BRBEFERIBEREE, A — L A BOR A
R 7. D-Br] % B B S SR ) C-3 2 [ R 4, LA IR
BOMRAREER, LY. I, BEAESThRE. D-
R 3% B AN PR /D B AR )RR 8 4 R g R B, FEANAE
fEFahk, EEES ARG . BN
&, GD-BliE B E AL EE, INiECLA1 76k & A (F3).

2.5  HER RTINS CL235501F
ik — PR UE HARER X ADRIRH, i 5 —
ADFRAICL2355. ECL4176 1, APFRiLAERBENL LN
Jfl; MCL2355H ARRIATE R HIL I, RI 2 2]k
B, BEAD S N AIEAS. AR i seas et 1, B IR
T MRBE FH A BE IR 7 G A FE A 5 29100 pmol/L,

E CAS%i' ise
H 254 (rubusoside) 64849-39-4 g Pridsl. PrmE, WATRHCHA RS0
B R (mogroside) 88901-38-6 Pl P PiEdb. $Remess /o, R, [ fgt)
K ¥ (phlorizin) 60-81-1 . PG, RS Segiciz Y
EH 45 95 (stevioside) 57817-89-7 Rk, BRILAG. Pim. Hubgl”
AHERE (xylitol) 87-99-0 FasgUws . kR . IR AT Th AN
FREEWER (erythritol) 149-32-6 Pt BrkE T

D-Fi % i % (D-allulose) 551-68-8

PEpE. B, iy
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HERE: Akl 20254 $£55% FHol
A Phlorizin B Hegrasio
1.2F
121 S CIAITE -e- CL4176
= ) 1.0F @ ; CL4176, 10 pmol/L
10F @ -=- CL4176, 10 pmoliL .
. 3 CL4176, 100 pmol/L
£ s ~4~ CL4176, 100 pmol/L ‘g 0.8 v L4176 1 oL
S o8l
Q ¥~ CL4176, 1 mmol/L = L mme
8 S 0.6F -~ CL4176, 5 mmol/L
g 0.61 - CL4176, 5 mmol/L g LB
24l CL802 5 04f
o ‘ [
© 0ol 0.2¢
) ) ) ‘ 00 1 1 1 1 1
0.0 T Sy P— 24 40 42 44 46 48
Time (h
Time (h) e th)
R Stevioside
1.2F
C 12 i ST D - CL4176
Hl = CL4178, 10 pmollL 1.0F -~ CL4176, 10 pmol/L
< —+ CL4176, 100 pmollL = o0sl —* CL4176, 100 pmol/L
7 0.8¢ —— CL4176, 1 mmollL g ¥ CL4176, 1 mmoliL
2 g6l -~ CL4176, 5 mmoliL E D8F —- CL4176, 5 mmol/L
g cLg02 2 il o cLso2
= 04| g
=}
S sl 0.2F
0.0 1 1 1 L Il 1 0.0 y I y I I

24 40 42 44 46 48
Time (h)

24 40 42 44 46 48
Time (h)

B 1 REE. FPORTF. MET. SRS CL4176/E . A: IR R EFIELECLA1T6 k5. B: B PURTFFIELECLA1T6RE. C:

F R IEZECLALTOREE. D: F55 B IE 22 CLA1 76 KR
Figure 1

The effects of phlorizin, mogroside, rubusoside, and stevioside on CL4176. A: Phlorizin delayed AB-induced paralysis in CL4176. B:

Mogroside delayed AB-induced paralysis in CL4176. C: Rubusoside delayed AB-induced paralysis in CL4176. D: Stevioside delayed Af-induced

paralysis in CL4176

A Erythritol
1.2r -~ CL4176
- -m- CL4176, 10 pmol/L
’ —— CL4176, 100 pymol/L
R
5 0.8F — CL4176, 1 mmol/L
D
g - - CL4176, 5 mmol/L
s cL8o02
o
5 0.4
f=
0.2¢
00 1 1 1 1 1 1
24 40 42 44 46 48
Time (h)
& 2

B Xylitol

12r -e- CL4176

10F -m- CL4176, 10 pmol/L
= —&— CL4176, 100 pmol/L
el - CL4176, 1 mmoliL
< 06| —e- CL4176, 5 mmoliL
g CcL802
§ 0.4

02f

00 1 1 1 1 1

24 40 42 44 46 48
Time (h)

FREENERE . ARPEREXTCLA1T6MITER. A: FREENERZIELECLA1 TR, B: ANEREXTCLA1T61/E AR

Figure 2 The effects of erythritol and xylitol on CL4176. A: Erythritol delayed ApB-induced paralysis in CL4176. B: Xylitol had no significant effect

on CL4176

FHASH . AR EEREBEAND-B % B B A 72 9 1 mmol/L. 7E
T - DU AR A S B R I R JE R R PR
CL2122%} — Z. Bk itk vt B 2 FRAIK, 1 CL23551h%
BRI . R DURF R R 2= RE ), B
T B TR 751 28 AN B2 i 6t HE AR C L2 122 () R AR a4k 1k A 2
SIRESI(F4A, ©). THAST . FHEGHELE . BOCH . R
. AL S, CL2355M % ) BhiE 1S AASFFE

JE B (JK4B, D), 1 D-Fr % i b A BEAT 2 0 R 7 5 1
S (E4D), EIRSE R AICL4176H 15 R R T &5
FAHFF.
3 458

ASC N ADREERICLA176 FICL2355V Al T & %%
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D-allulose

1.2 CL4176

10k CL4176, 10 pmol/L
. CL4176, 100 pmol/L
z\: 0.8- CL4176, 1 mmol/L
UN; CL4176, 5 mmol/L
© 0.6- CL802
@
Q
5 0.4
c

0.2r

0.0

24 40 42 44 46 48
Time (h)

Bl 3 D-Bais B g C L4176 R B
Figure 3 D-allulose accelerated AB-induced paralysis in CL4176

. EZPEE . POURT . MR, REEREE. K
3 T2 AR D - ] 3% B 6T BT % R i BRS IS A4S B
TR T BEAS [ FE FE 2 i AD AR AR AH IR, IS s b
TR G B ARIE R MM A R EN. OF
TIF 6 2 I S AR B 5 75 B ZR 9% i BRI 1 PR 4
PRI TR, ASCE f i B R A B HE .
W— D SR B, B AT RE U MPTP(1- H 2 -4-7K
£:-1,2,3,6- VU S ML IE ) 5 3 19 A 6 AR (Parkinson’s  dis-
ease, PD)/NRBLBMAH TR, B FES. MM

A2 JORE, FF H 20 7 PD/IN BRI R T8 AR W 21 %
AP, T 2% AT B8 38 AR A A 2 ]
IR R BRI R AR R R 0 S I PR Y A A o
2 B TR VBT SR U S i A
A 186 B B 2 AR -y (PPAR-y) A %24 PPAR-yHIGE
AR > JOE R T B R AR, 0 A A0 PR R T
PPAR-y 1 R 42 46 4 HF 5038 0T /K ¢ i R s 1) 2 22
BURR. JREEPEERLAE LG ADEIR, 1 ACKE BEAE AN B
=, X ATREA eI T AR R, AREEEREA
Z 5P PERE, JLFA S 51 R k. T A B
KB il i AR Y, — 3B Ak S AT R, ) —3
o3 WA AL, P DA AR AR, JF AT RE 2 5l 1
FEARAE. 2011~20204E 18], EEE M 524 HE &
Je3 (FDA) i & D- Bl 2% i A o] 76 > £ S s sl 9F B
TENBBRKAE Y. 1T D-B] 4 B /2 AD 2R HufsE A o
FEIHH AT RN I A — TOURIE FE R B, D v B B Ak
PR T 25 W 9 /N BRI i 8 R R A, S BV RS
PBARI R D[R] 3% R A X B R IR A 2R B
W, ELFiE 2 S FH S B PR R, 0l D- B 4% il 4 22 4= i
IPEAL BLE— 20 ™ A Al 4

mEm ClL2122

3 CL2355

[ CL2355,100 pmol/L Phlorizin
. % 3 CL2355,100 pmol/L Mogroside

—_I_ B CL2355,100 pmol/L Stevioside

ns

A B 1s
mm CL2122
L £ CL2122,100 pmoliL Phlorizin
1.0p [ CL2122,100 pmol/L Stevioside %
mm CL2122,100 pmol/L Mogroside T 1.0
% 2
Q [
2 05 E
2] g 0.5
© o
2
o 0.0
G Naive Training
-0.5-
C 15- == clL2122 D 1o
3 CL2122,1 mmol/L D-allulose
ns [ CL2122,1 mmoliL Erythritol
3 - W CL2122,1 mmol/L Rubusoside 3
2 1.0r 2
E o
s 3
2 ns °
& 0.5 r—— 5
= F =1
o o
00 1 ’l‘lﬂ [

Naive Training

Naive Training

- ns ns
Yl T = == CL2122
[— sedeok %%
3 CL2355
3 CL2355,1 mmol/L Erythritol
3 CL2355,1 mmol/L Rubusoside
B3 CL2355,1 mmol/L D-allulose

1L B [

Naive Training

Bl 4 HAREBRFISTCL2122MCL2355FI/E . A BUURTFIRECL21222: /e /1. B WL T. POURT. MHAp s

CL2355% S Biffi. C: D-FiligEfE. FReEpine. A RE
[, T D-I5T i B A e

MICL21222%% 31 g ). D: JREEFERE. S AT REANRICL2355% ) 6k

Figure 4 The effects of target sweeteners on CL2122 and CL2355. A: Mogroside enhanced the learning ability of CL2122. B: Phlorizin, mogroside,
and stevioside rescued the learning defect of CL2355. C: D-allulose, erythritol, and rubusoside had no effect on the learning ability of CL2122. D:
Erythritol and rubusoside rescued the learning defect of CL2355, but not D-allulose
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Investigating the role of natural sweeteners in AD nematode models
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As the global population ages, the incidence of dementia, particularly Alzheimer’s disease (AD), is increasing in China. Extensive
research has identified excessive sugar consumption as a significant risk factor for Alzheimer’s disease. With the introduction of zero-
sugar and zero-calorie healthy lifestyles, natural sweeteners are widely used in the food and pharmaceutical industries due to their
high safety, low-calorie content, and simple metabolic pathways. However, it remains to be investigated whether natural sweeteners,
as sugar alternatives in foods, can potentially mitigate the risk of Alzheimer’s disease. This study employed the AD nematode model
to investigate the impact of seven common natural sweeteners on Alzheimer’s disease. Results suggest that phlorizin, mogroside,
rubusoside, stevioside, and erythritol can delay CL4176 paralysis and improve CL2355 learning defects. In contrast, D-allulose
accelerated CL4176 paralysis and did not improve CL2355 learning defects, while xylitol showed no significant effect. This study
provides a theoretical basis for the safe use of natural sweeteners.

Alzheimer’s disease, natural sweetener, CL4176, CL2355
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