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Lipid Metabolism-Regulating Effects and Potential for Fatty Liver Prevention of
Atsuattenone, a Novel Natural Compound Isolated from Piper attenuatum
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Abstract
Chabo pepper (Piper attenuatum) is a plant belonging to the family Piperaceae that is native to Southeast Asia, but its lipid

metabolism-regulating activity has not been fully investigated. In this study, we screened P. attenuatum for compounds with lipid
accumulation-inhibitory activity, isolated six compounds, and identified Atsuattenone, a novel ishwarane-type sesquiterpene.
Atsuattenone inhibited intracellular lipid accumulation in HepG2 cells without causing cytotoxicity and modulated the
expression of lipid metabolism-related genes. Furthermore, molecular docking analysis suggested that its lipid-lowering effect
may be mediated through hepatocyte nuclear factor 4 alpha (HNF4a), a key regulator of hepatic lipid metabolism. This review
summarizes our recent findings on the identification of Atsuattenone, its lipid metabolism-regulating activity, and its potential as a
naturally derived functional compound for the prevention of fatty liver.

Key Words : Piper attenuatum, Atsuattenone, lipid metabolism, HNF4q, fatty liver
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Abstract

Many people begin to experience some degree of health anxiety around middle age, and their awareness of maintaining good
health tends to increase. Pyrroloquinoline quinone (PQQ) and its derivative, imidazopyrroloquinoline (IPQ), have attracted
attention as a potential geroprotector. This study investigated the potential of PQQ and IPQ as supplements in amelioration in age-
related alterations using middle-aged senescence accelerated mouse-prone 8 (SAMPS). The muscle function of middle-aged mice
was approximately 30% lower than that of young mice, but the performance of in hanging test recovered in both PQQ and IPQ
groups to the same level as that of young mice. Since the performance of hanging test provide an index of neuromuscular function
in rodents, PQQ and IPQ may improve age-related decreased motor neuron and neuromuscular junction functions. Meanwhile,
adipose tissue weight and adipocytes in middle-aged mice tended to decrease with IPQ intake. Furthermore, IPQ significantly
reduced the amount of lipid droplet accumulation in the liver. This is a previously unknown physiological function of IPQ.
Although PQQ and IPQ have different effects on fat accumulation, they may help restore neuromuscular function impaired by
aging, even when taken from middle age. PQQ and IPQ may help mitigate the decline in quality of life in old age and contribute
to extending healthy life expectancy.

Key Words : PQQ, IPQ, middle-age, muscle, fat, aging, SAMPS8
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Anti-aging effects of pyrroloquinoline quinone (PQQ) and imidazopyrroloquinoline (IPQ) (2)
—Implications for muscle function and fat accumulation in middle age—
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AEICDWT

&%, Enhancing the QUALlity and Transparency Of health Research (EQUATOR) Network 23$2ft9 2 A° A F
74 v D—>TdH% TTIDieR-Placebo: A guide and checklist for reporting placebo and sham controlsy % HHER + 2
BWL7cbDThs, %, ke X ORIRERHIESC (https://doi.org/10.137 1/journal pmed.1003294) X7 7 &
ALTEWT %,

E B [Abstract]
= & [Background]
TR v LREIE, B OEMENADOE R L AFEEEZFHIT 2720 DHAEL o TV B, 2D
R LTS T IR ARER I E L G2 5 2 LRI NT0EILb b 6T, 778 R /> v AxH
BT 2#E I HoTid i, BRMENHO ZUE L T a3 % v, Jiuk, AN ARER
BEARELIAFTHL2PLV)FHMICOEEL S 5, 77 kR /> v LIBT3 F3HBAN 7%
&, 77 ANEEERIC BT 2 AN ADARIER AT ISP T 2 MR OMRITH L < 2%, ZoOREZ
fRRT 27280, WAIZ T 7R/ v AN ADREICEHT2F v 7Y AP ETA F2ELL 7,

Fi% & 558 [Methods and findings]

Fxlx, 770 RMEOHEMK (n=14) Z2RRICTy7r—FiHEZFEmBL, F=v 7Y R FDOEHHICH
FTHREZERL 7o, BRZEICE VT 7 7 2 Rl 6 BRI ZIRIC D7 5720, FEHA, 4
BT, BECEEEE, SR, B X DB ADKTIICE T 3 KR OEMRICERZHERL 72, 2D
%, B3HDOBMEENRE LELLBBEOL Y 74 v - FA7 7 A EZHGT, EQHEHABANRTH 2 Ll
HOENDZEREL 72, RIS, HMIRE L OBFREE (n=16) o3 7NV —72HEL 7, ERBELLT,
B T AR E X OO DD FT > 7L —F (TIDieR) ; Fzv 7V AESET L7, Ztuc kb, #f
BHGENENALE 7T R/ > v O O FHE LR % SERICENT 2 2 E25EE L 72 5, TIDieR-
Placebo & L TIDieR & O F & MiE 1%, FEMEEREE (T bbb, MBI % 2 7 VBN BB O Frig)

ZRlih 9 2 2 EHBURINICER SN TV S 2 &, EHLEIIL 72228 9 »» (ZDMIE S N7 56) 2t
BT LMENH S L, BIOEHENBREOGHA L ¢ T 77 2 ROMREZOFIHZ LR 2 L1 D
5ZLThH3B,

#%z% [Conclusions]
Tz, 779X vy AUBEOBEESE, BloznozHuABEKRBOREGE 2 XEBT 240
TIDieR & i T TIDieR-Placebo DF|H Z #EkE§ 2,

H & [Background]

7R v LI, %L OEMENADENNER KT 2oL 2o TwB Y, Lo T,
BEIEAN Aﬁﬁﬂf%%#&vb%&@?% X, 798 R/ v AMAICOVTEIRT 2 2 LN L
%, L2L, #E 10 FHoMsIck 3 L, BREEICET2 772X />y 2N AR TGS Z b > T
%%ém%_kiiMT%% 010 FDT AT T A v 7L Ea—IckdE, 77K/ v LN AZiEY)
SRR L T ity (GEESEIIA A TIX) 82%, (FESEBEEIINATIE) 267% I EEoTwi?, 2
ND 5 10 EDBFEHEL 7228, MBUFIZ LA EHEIN T ARVY, 2070, 77 R /> v AWBEBMTH
2% X 0 EEMNCBR 2 EEDS, A ik hoodH B Y,

TR ANADHERELEICOVLTHBINAVIHBD 2 LT, 200D 2 I HER)
ThoEVIBMMBET SN Y, (FHZHEZWEICOTHAT2EBRIIZ L EEZ SN LED
5TH2, LLLHEBEDEZS, 798X/ >y hNAR, GRAMRELEELZFEDISKILES, %
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DIRINTWVS Y BT, B 7 ¥ Vit L n — 2 GEEIRSERID 2 —F 4 > ZICfliH X 3) 23,
2 2B HOIEBRITEWT, NUR2AZEL O O2OMEGWEICY L2 R d 2 L3RG I T
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55, Ll, FerFuoa— L @aHEiERzi SR TEZ200H 5 'Y, DI LD, FLLFIEL
O BEERAHERR OB D 223> gD b 5, Ziud, EAWEE 77 e REHCE T 2 HERHH
FROFEREWK T 2 L TCHESINLDDTH S, 77747 (A, BNE)) LwvIiEE, 7
72 RICHANORIEHZ BT 2 RaBEEN TGRS, 7798 F, 2BHiT22oIcHeon%,
W2 Lo 2K T 2 HIV T, ATk T7 27574 7 (3%, BNZR)) LWwIHiEz, 77w R4t
DNAAZETIDOELTHVwE Z LIZT 5,

b LIRS v LAD, BRAENBAANEFIHETICy Fr7E&NTwuiiuE, 775 R/ > v A
AT 23R D RATE 9 BRI Z 00U AT R WE S 9, ne¥ns, #@Ylicey Frrant’
TR/ ANAEEH BN AZHKT 2B chIUL, ZOEMNRNAORET 2 HRERIC X 2380
MaBistEs K OEHEE (L LU PHSLICR 2056 THD, LrL, 2016 FEDRICE 2 L, WH
REDIGIEED 44% 12 BT v F ¥ VOSEY T 2 EHBILTw2 7, SIS IcEAARRBEE LT,
77 ROMRBERICHETI2MEDA T THL720, Ny Fr 7B ENFZE~RNTH 20%I1E
MEWCHIWT T 2 2 L3 T&E R, HEZRED 2L, IEECHERBEGORERES L, 7788/ > x
LMD AR TE S, ZORE, MBS E 2o To 3 G810 ADH ISR H EM: 2 8RR £ 72 13
NGB L C L E 9 HREED D B,

PG R SABRER 5 O —FE#E (CONSORT) 5 T, EFKERERIC BT 2N A2 GHEYNICELR T 2 2 & 2N
WIhTwz, LerL, ifliaildFikEciEfnsntssd, 208, HAESICX> THhADOMED
At ch s EMEHESN TS Y, HAAREOMBICHLT 2 720, HMADR L FRE2HT 2
Aftd « DD DT> 7L — 1 (TIDieR) ; F = v 7V A FHBAFE Z 4, CONSORT EHfFHT % Z & 350
HETH5, LL, CONSORT b TIDieR b 77 R/ ¥ AWIICOWTIHRNICEKR L TES T, &AW
7o HEMIFETIE, NS DA AT D THEY MG 21T ) 720 DIEE & 5121F, MEFICH 2BEDOK
HEMAZRNENH 2 ENHSLICE 7Y, COFEIHLT 2720, PEHE, WEE, BEREDLS
7% F— .17 TTIDieR-Placebo; ZBHFE L7z, 24U, 77X/ Y AN AREZEHEHATES L), £V
F LD TIDieR ZXET L7z bDTH D, AV F LD TIDieR LI NS L HICEEFFENTWE, AF—4
DA N—D—IZ, &Y F LD TIDieR DEHFEIC b HEDL > T/,

7% [Methodology]

KEETA F o4 v DIREITH 7= TlE, "EQUATOR Network y DIg#HIZHE > 72, TIDieR-Placebo DR AE 12,
URD 5 DO FEGBEME» SR I e (1) A, 2) 2 VDiEE, 3) Fxv 7Y R FEEDIFEK,
(4) Fxv 27 VA bofEL, BXO(5) Ri&kF =y 7Y R +DKR,

New Food Industry (New Food Indust.) 2026 Vol.68 No.9 659



) —Z EQUATOR Network2 gfit 9 2 24 ¥ 7 4 >~ Offf
TIDieR-Placebo: A guide and checklist for reporting placebo and sham controls®d#1ER

FAiwfAZE [Preliminary research]
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[Generation of the initial checklist]
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Frv IR MDOFRE(L
[Optimisation of the checklist]
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[Consensus meeting and approval of final checklist]: 7

660 New Food Industry (New Food Indust.) 2026 Vol.68 No.9

V7 7 A HEOREEIE, 201949 H 10 H2 5 11
HIZ W CHREA v 7 A7 3 — FChfE I 1z, 3
FNVR U N— (A P74 v oHEMEKZ 8L
T) k%2 HHOAEEPRSHE TRE I N, &
HMDOHFEH T T V7 7 A4 FAEDFER IO VTl
L, HHORK Y A MIZOWTEREL 2,

THA R4 ¥, OAHEZERRT 5720,
FoLiZ, OB F = v 7 A2 b (K2 TIDieR
£ X N CONSORT) 7> & DI D\ Tl 72 ]
Wizfr) L TARLL, AROMHD» S, RIKE
JR R D> DEEIREGE AL D FIRETH 2 RETH 5 &
WEL, £, TI7 7 A HEDREED S E
Al 2 A 72 BHH AR T RETH D LW IHIHTHE
B, BHOMEIZOWTIE, #imzdl <k
L7,

7’0 k 3)UH 5 DR [Deviations from protocol]
7R bFanTE, SEALDRXN=F 124 LM
EL TR, BRI 144 %07,

#5282 [Results]
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[Generation of initial checklist]
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® 30 Fii

® H[EZ

40

S - Yy Y

19

- NN W

= ey - .
o = N U1

—_ = m a a  a NNNDWW W W Wb DO

- N
~

A WO W

INBlho?, G TR D5
Lo T, FFEDEMENLT 20T LHERL &

W —2i3%w» (B, BRI AL

DR &) B3, BBLOBRIEZIET 5
s, TR F /v ADEXL 7@ D ICHERE L 7

DEIPERRTIELE 22 2 L% WY, Lihio
T, BMLRII L 72 ) 25 2 EIFEHT
b5, BHLDORRIIEZMET 2 FEPHES N,
BELHHIN TS, ZOHICIE, Bangd TH
Mfb3E% (BD) 2 % James D BI® 3G EN 3,
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{1413

TNd, BEHFICHL T, FBRNEAINAZZT
EHRLTWARE I »EmNRLbDTHLE, I
LOEREEREZ, FLTIVT 7 A FAEORIEICH
9 72 ®, F %13 TIDieR-Placebo DIEHH & LT TH
AL ORI FEDOWME ) Z8BIMT 22 L THERL 7.
72720, BRILDOEIIE (b % widfho EoHEHEIC
DOWTYH) BHEIET B Z LIE, HIEZfTbE»oT
& 2T 2720 T3 %, BRlboEENES
FEE L 720 E 032 OFER 2 HET 2 LR T 720
ThHDH, LwIEREMAL, Frlk, ERLOK
UIEZRET 2 2 L BERICBET 5Nz, MOk
XTHE T2 PETH S, CORICHTLISI SRS
EmICOWTE, TX ARSI ESHOZ &,

7T R > LA A GRS B BRI 2B
DOFHHIE, TRTUTFTBLIOES2 IS LT
%, PFEMEERES (setting)y &V IFEEZH VL XE D
EI) Pz onT, LK#EziEmR»MThbe (2 DRI
TN7 7 ARABEOREHFICL 2 ARG a X~ FT
HELE X LT 7228, JED TIDieR TIXfHEH S 41T W
mool), KT, HE T G K815 THE
JEEREE (setting) ; ¥ X O TaZHE (location) ; 23555
W Z 521532 L0 RIicowT, HEEDOKRS
BB Lo, TarHh, 13085, HPRRY 28R E L
THRIN DD, THE) 121F, HHCEE R L,
Z O OFRFOWEMICEE L REL &N 255
Db B, DB RS WET o T DT TR
BT 2B TH D, WRELDZLMED 68% 05
85% %3, FEE O BEFEEEL & i & & & B 1 GABR
~NDBMEFHREL 727, ORI, HBLY
A LT IEBILRIC, HHMEMES B LI 5N
LIEEBELDY, BB L MEOMRERL T3
22 E pe B, DGR, JERRIE & v o 7 E S,
AP LARIEADL X)L %EE D, ABHHARIC b 2
ZRIETHREMEDS S B 2 L SR T S D25 T
VW3O X s, ARHEEIZ, SR, ABt
HIZHET, & % \WIFEEHBIRT > o HEI NS
BO0b 5, o DRREICE, ZnEniihs
BEN B EDEO, ZOUDEEINLEZD YA
TR A a ISR 5 2, O ST o
WCHELZRIFLAES, I 0ERIZVWTND,
HOPH ) 72 (718 & (X TEHEI 75 BEEE 13 700 2,

TN7 7 AFETIEND EFonkrob 0
D, HEEHR&SECEFLELLMEDO DX, FFED
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RSN ADY T X2 by DD T 7R, ddk
V) I AR S THh o7, BIAIRE, BN
WCBHT 2788 D A b L A BT 5 /5% Wk L
7-b pkERClx, MRESESmEE "/v—7"-
T7V=7 47 D, KR53 EES S S Wl E
5% 53EOL 7Y I —ay-kyTaryDwn
TOPITH D Y TA Y, BRI v AL
LCiidEnTEL T, [BELRMBEZE 27200
TRE S 2P RE 2 2S¢ 2 gD d 5 (E
BS, 2D & ) kA ME SN T 2) ¥ 2 Ehb,
INDBT7 7R/ Ty e L THBEEL2LED
PFHS TR, Lo T, DX T —
ZTl%, TIDieR-Placebo IZHE - THRIAREZ MW T %
ZEERHERET S, NIEEEIEY 7 7 (usual care) F
7Y 2 P Th G ALAKTH S Y,
DR T, WEHHEDP TR TIKMIN TV S
ERMERT DD, REFEF oy 7 URER
SMFICIAT SN, 2O CENER S L,
ZoH%, IEFIEHMHFEDO 77 R > v L3I
B i LT\ % 20 HOWFEE 2SI, FHE
MDA T b, 2 DOFEHE, #HTBIE
MMz s iz,

TIDieR-Placebo & F v 71U X b

[Final TIDieR-Placebo checklist]
FHEHIZOWTIE, J0D TIDieR A7 — k X >~ b
(R2%z22MH, ¥ ru—Fhi: % S1) TERICH(
SNTLLFHICINZ T, BINOFHPHIE LS
IZDHFERL 72,

1. f&R%5%M [Brief namel: 75K/ ¥+ LAY A
ERTAMEIIRBEEEHT S,
—MoWIETIE, 77 F4DDH 5 EMENA
DITM, FOREBMEZ LTI LRI N
Tw3 (EEBH), £/, 4HE2ERT22LT,
WMENTT 7R/ > Y AN AZEDITHINTE B
91tk 3, BEECHTHE (T7r=L) X, 20
ERAHZ2ZHRLT 220, HOBHXZHRAZRE
Th b,

(1)
® 0.9% AEHEHAK, |
o i LB FEIIGIEIL, LT L
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tH

& 2 TIDieR-Placebo F v~ 1) X k (TIDieR-Placebo 4 FEHETHERTZ L)

IEH S EPT fSEERT

FE Z DAt FE Z DAt
% (F¥ ) % (F¥4)
(R= (R=2

ES ES

FrelE FlelE

INF=3 1T%

E5) E5)

=N

1. 578755475 [Brief name]
NARBERT BMEIETL—XEA
ALTLIEEL,

2.7zt [Why]
NAICREREERICEET HIRHL, R,
FlelEBMAERZR L TLEEL,

3. 0% (%) [What (materials)]
NATER TN 2R ER £ I 1ER
BRITDOWTEIR L TL 2T L, Thic
&, BMEICREHEINZED, NADR
FEICEWTERINZED, BEUNA
EHEEDOHHE THERINEEDHEEN
%9,

4. % (F)BE) [What (procedures)]
NAILBVWTHEWS N FIE, EE,
BLU/FrE 7O (BEME I
FTRERNEESESE) ICDOWTEILT
fEELN,

5. SEDNS2AE L feH* [Who provided]
NADEREE (LEBL, GFEBFELE)
DEAT I —ICDWT, ZDEPIENH,
BE, BLUZFEFANEIHEIC DL
TR L TLEELN,

6. EDK ST LT [How]

NADRMESZE OSmE, Fleld1>2—
v FPBREEEDTDMDFRE L)
BLU, ThDMERIICITON 2D, TIb—
TTibnehERm LT IEEL,

7. £ Z T [Where]
NADMTONTIBFROEE (WEBL 1 >~
ToOPEETARHMAESE) LT
<fEEL,

8.\ D, ENFENF [When and how much]

NADEE SNBSS L CHRE I DL
T, By avi, Rova—b, Ei
R, R, T3R5 EZaH Tt
LTLfEEL,

TR/ v LA

TSR Vv ANADABRZRT B
FlelFRBEEH L TLEELN,

TR/ v ANAICRERGERIC
BI9 ZIRHL, i, EIXEMICDOWT
SR LT EEL,

TSR/ ¥ v LNATERE N
R E BRI DL TR LT
CEEWV. ThiciE, SmEICREEN
e D, NADEREICERENLOD,
HDWVIENAREEDPHE TERA TN
LOLEENET T, Ffe, ThSERD
AFE (FZA4 248, URLEE) I
B9 B1ERZcH L T<EELN,

ToER /v LAAICBEWTHLNSN
fe&FIR, EF, XU/ FETEE
A (RENLEZENTESZSE)
ICOWCEIR L TL &L,

TSR/ ¥ v LN ADEREE (0EL,
FEDFHELE) OZATIU—lcoW
T, TOEMME, BE BLURT
EEFNGHHEIC DWW TER LT 2
LY,

TSR/ v LNADERESZE NE,
FleldA 2 =%y b PEFELEDZTD
HMDOFEELE) BXU, ThHMERICIT
phnfeh, JIb—7Tirponkehziit
LTLfEEL,

TSR 2 v LN A TONTIISFD
BEEVIRIE (WEGA VTS VEET S
BHEaE6) b L TLEEL,

TR/ v ANADRBEES NE
BB IUHREICOWT, v av#,
Airva—)b, REHAME, BE,
IEHREEEEH CERIR L TLEEL,
ZYTBHEE, TUVALERBKLT
SUALMEBOBRICE LEESE
#gLTLEEL,
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& 2 TIDieR-Placebo Fx v & 1) X k (TIDieR-Placebo 4 FEHETHERATZ L)

EE 1BEERT
FE Z DAt F=E Z Dty
E)74 (FF4) ED74 (G¥48)
(R= R=
E= =
E S EY S
(NF=d (NF=
ES) ES)

9. @RIk [Tailoring]

NADMERE, BH=FAEE, TrldffFEs
N3 LSFEEIN TV ESEEIK, ZDOW
A, B, B, BrUHAEZESR®RLT
<fEEW

0. Z% [Modifications]
HEDBETNAICEEL S 2 fIBE
¥, ZOEERNA (A&, &8, LD,
EDLSIT) HEMRLTLIZEWY

1. EnEEEY)IC GHE) [How well (planned)]
FHE : NADEBFIRR E Fo L EREDHEE
mEnizHald, TOHEETMEERRT

BRELERFR IR LEETE 5
SHITASH DX ENEE C SN icHaI,
ZTORABEERL TS T

12. EORREEYIC () [How well (actual)]
KR NADEBFIRNRE el BREHEE
MENTHZE, NADENITETEBY
ICRFENeDIc DV TER L TL 2T
(AN

13. ERAIEDRIIDAIE [Measuring the success of blinding]
BEREDAIEENEDESH. BEEN

TSR/ v LAADMERNL, FEH
B, FRIERABRINS I SFEEINTY
femald, TDORA, Bl B &
UAEZESDR LT IREL

FRDBIETT SR/ v LANCE
BEHBoIIBAR, TOEERNE (A%,
e, LD, EDESID) EEELTI
fEL

FTiE TSR/ v AN ADEFIRR
FIEBRENTHMENHZEE, TOD
HELFHhEZGRL, BREZMHEFE
feldm EE B eDICAS D DR EHHE
ConfcBzald, ZORERZEER LT
REWN

R TSR/ T v LN ADEFIR
FFBREHLFHRE NIBEE, NAD
ENfEFEE@EY ICERBEENfDIC DL
T LT LrEELy,

358, ZTOHEEAEBRIEEDELS
BHEDTLIDY
niz, D E RS 270, VT X —ra Bk

2. I [Whyl: 7SR/ Vv ANAICFRARGE
#ICAT SR, BEBiR, FrRIEEMICOVWTERT
35T &,

f?k&ifi/vA#émﬁm%ﬁMi,‘ﬁ
(7272 LEITTIER), FENADRE D YR 2 fiiil
(avbm—)) $§232LichHb, COHWBED
FEER I N2 E DM cE 2 L), s
DHEFEZ BRINICHEL T RETH 5,

(f4)

® 75 FAIX
LTwaan ™,
® 7R LMLy R—, WfE HET

SRR 2 B8k D 1) L & B
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(Relaxation Techniques: RT) DZNFE I1Z1E—HD RT

AR =R SR AW ATl

3. fa% (##%}) [What (materials) |: 7SR/ +
LNATEREINENE ISR EMRICD
WTERT 5T &,

Ul siFIcREEI b D, N ADIEMEIC
XN b D, H 23 AEE DUHE Tl
INTHDOBEEND, £z, 2056 DERDATF
ARe T F v 7 4 A48k, URL % &) P9 %
HlRZET 52 L,

(f51)

©® R SRRV IE (TENS) 2 L 72
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-+ v LI ATIlE, Dense Disperse Dfli D12, 40
Hz OB ATRERIE M & a7 9,

@ -7k R (VvBhLLIL, Ty, &
Na—2R, AFT7V VY TR T LD SRR -
77 RFEIFR=T ) VEELRIUKRE I B XOIBIR
THoMD, A—"=D 7Nttty ax+ Lo
B> 6, SBRICH DA TIE Ao/ (741
REEITIFHNAID 72, =2 ) VERICIIKIHID S -
72) oy

4. {a% (FI/E) [What (procedures)]: 7S5 tR /¥
LAAICSEWTAHAWSN-&FIE, FE, HXU/
FE70EXIcOVT, BENEIEZIENEE
§®ELIHTEDBTSHI L,

BREN 2 FIROFHICE 857, X O ET
I GESFENARZ L) 9 2RY 2WET 2
Y, MRICHEL L2 28NS B,

(1)

® "HNEix, HEDOMEAZSZUIRLT 3 7
DOHIBITEICOVTEE LAY 2 &, B XUNIH
FZ 7 v & LICE D YT s NS INFE~DE
ZITH) KBS N, TARAYyTay - T x—
7 L, BmSHEE R Tiibns k5, KD
Btz koTHHE=2 Y v ZEhTni ™,

® 77 RECIX, Y LDX R AT— 7N
BMrbis., Zud, BEON AN S R ETO
I i, MUT—=7D178Ay b % 1A, K5
AT 2 b DTH -7 ",

5. AR LT=H [Who provided]: 7S5tR/ <+
LAY ADEMEE (OEBEL, FEBWFLELE) OFHT
dU—I2DWT, ZOEMHH, BE, HLUZT
e BRMGIHEIC DWW TSR T BT & Y,

(%1)

® B 4 44, BV RES LY
T54EN LokEBRE ET 2 Y,

® "7 XY ZMEREFEAZE XD S MFFZHUTL,
i rh E BE 22 DI % 520 7§40l 6 405, KIEH
F - HPEBRSER PR ML CHEESI N, K2
R 270, REAVBFHEABETHD, PR ED
2 EDMERREE R A LT

6. EDEKSICLT [Howl: TSR/ v LNAD
RHEAE GHE, £lldrr2—% v FPEFELE
DZDMDFER) BIUZhLMERICIThbND,
TJIV—TTiTbonfeh il 5 &,

(f41)

® Dty avigEETirbhn, BHEE
KBEL T I ERA N LHERL 72, RO D SHIDE v
Tavi, ZNEEEHD, SMEOBEHICHE) A T
L AZWERT 2720, BFETHEMI LY,

® "HMAREEAEL TEMS Y,

7. £ET T [Wherel: 75tR /v LN ADTHOA
TIBFROBEPIRIE (WELGA VT S PEET 54
HEIG) ZELbTHI L,

PR 202 &, Z2 DT ORE (BRED) D)y
DEEE LD EVD 5,

(f51)

® TIE[E D 32 DYEkE Y, |

@ "= —IF3— VM2 ALFEAL VY FITH B KE
PESE L E RN D A Ty FEYEE IV =y 7,
F37 5 —BEED I 2= F kY.

8. L’D, EMNFZlF [When and how much]: 75t 7R
/2% LN ADREETNEEHE K UHEICDOWVLT,
tyvavi, RA7Ta—)b, ErEEER, BE,
feldR585 8 TRABTZ &,

HMT AR, 7y b X0 T vy A1k
BOBEICEL IO EIRT 2 2 £, MAHIED
ZEOFMERET B2 E1X, 7 ¥ LBICERE
FEHEREVDEHILS N TR VLGS (& v o Filfalk
HETILHELGNE) ITBWTRICEETH D, 7
v &7 LMD ZEE T, ERRIN TN A & L LT,
75 ROBHICHASEOMRE T 70HE ", 28
BOINLYAEVRH 5, U7V — 7 DONRHEERER
KD 1A (JLR) &, itk D50 iGHH Y E
EeSE L ORI 2N X > T, BRINE 21X
RIENTEE DO ERED BRI N, ZORPELE LT
—BDEFIK 77 b A MR UE T RS B B
EWVLI) HEORBRZEHTL T35, HlZIE, REE
DEEAIDBFMalst 2 itA (ZUT X D BHERED
BICEID Loz mD), BEIEEICS
LTWwW3ZE2ASTIC, BEICHLTEDNAZ
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Rzl L TL ) eSS 5,

(1)

® T I RXXV AR gDAMMAREE 10 001}
TR EG L, BT 25 772K (09%
AEBLEENEK) % 8 RERIC b 72 o THEIR N S
BEL7, )

® " v ARETIE, MEESHBIEOND DI 40 Hz
DO FREVTRE R T 3ME S 7z, EEIFBED
BB ETchFon, Z2oBESLICEIES
N7, BHEIIHZHEL 72 £ %, TENS fli#Zz L
T 20 Syl ZEc L 0,

9. {ERUME [Tailoring]: 7SR /< ¥ LA ADMER
b, BERR, FRIEES/ABINSLSFES
NTWIBEIE, TORS, B, B, $XU7A
EERRT B L,

(1)

® "HNIFIIHL, T—Ey IO E % IR
LTw3rE)paiRL, HIRL w854
i, WTEHESEIRINAVE I ICT— 7R
[ER R

® TIFIE, X HRHR LR EETHED 5k
b, BRI Z7 4 v PSR L TV RY, 7
7 RO RZ T B LTRSS,

10. ZE [Modifications]: fiZEDBETT R/
v LNAICEEHMZ SNGEIE, ZOEER
B ([ %, Hd, WD, EDLSIc) EEERT BT &,

(1)

® "YAIC koL, HENIIGL T vy > a v
DB v v a vicREBEEsNhE Y,

® "-7u bk alPUElE N, MOBHEICE T 2T
fiti (> v LSBT BHIRRTIC Y 4 27 7 b
T B 2 EDEBMNT o, MADRIARTHZ AR
EREELER L, HEa—T4 +—F—F%ixZ
DD T F — 2 A v N=3ZF N % LETHHT S
TEthor?,

11. EDEREEYIIC (FHiE) [How well (planned)]:
TR Vv ANADETFIKRE IEEREDFF
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mENEEE, ZTORELFHEEZSRL, B=X
EE#FE iR LI 3BT/ Sh DR ELE
Confizsild, ZORBZEERRT ST &,

ENABLIE T 7R/ v LA T % 8EF
W ZEMET 25 Z T3 2 L1, AERERLH
RS DSESFIRIL D ZBACIC R UE L 720 & 9 D>
WY 2 DI OTHENED D B,

(f51)

® "7, HFI, O L Z$tHlo% (75
L ARBIXOENAN) 2T 2 HEA — PN
FMAZMIEL 7277,

® (v y2ilE)) vy avik, av 77247
2ZWRT 2 7-0icn 77y 2icitiEsns Y,

12. EDEE@EY)IC (RFF) [How well (actual)]: 7
SR/ v LN ADEBTIRRE fold BREHFHE
TNEES, NADEDREREFEESY ICREET N
fehlcDWTE g 52 &,

(f511)

@ UAXDEEHE (7714, aLrFarT
04 REE3£) 23, Wil o7zl E (n=2,
1%) F73MhDBEM» S DE (n=2, 1%) I
L0, BoMUToNLTEHEZT R,

® T GEHlZ A Eb 5% RA L7 &L 72
HEOHAGIZ, WEETIZIERETH - (=
V) UBET 9%, 7T REET78%) YV, )

13. ER{EDIHDAIE [Measuring the success of
blinding]: FR{EHNAEETNEAE S D, FRAIE
TNBEREDKIBHET, ZTORRIFEST
Horeh,

BHILDRN % HIAETE R 2706 L 0o T,
Z ORI TH 5, HD5VIFHEMENZ L2
WY 20 TiERy, Lo, MENMTbitr—
ATEBWTUE, BRI L 70 &) 2R Y
52 LIFAMTH B,

(f51)

® " x— A XDEMALIEE (James’ blinding indices)
MBos5%HMA, N 7o FBALE % Bang's
blinding indices) 231 £ 7213—1 12T o7
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i, BMEFFEE L GEYICERILE
TwktazInL?,,

BEHEDHE D AT, 7T R TS DOAREZIT 7
FEFID 53% (20/38), 7" & R4 & Bl2pk %
BEF L 725EBI D 39% (16/41), alLFazxsTuA
NS D A% 5Z T 7AEB D 44% (18/41), B L O
INFaRT A FHESE AR EZ DAL
FEB D 39% (15/38) IZHB T, 77 k4 L5
FIkoTIEL CHEME e ™,

§%5® [Discussion]
% & & [Summary]

Pl 5 & 70 2 EA AN EAENICNT S
HCHNS R 2 BB T 5720, 77K/ ¥ LRt
WU, FEERZZHENA LSO I Tl S s
WD B, e AT oo, JESEEN
&, B, oy, 7R/ v v h
R DR E DRz il 3 2 D3 D 5 AR T,
BERDIERS RO ETEH OB L 5 k9, 75
LR/ Y v ANIHOME L EREICEET 5 oIk
G2 RET 22 L2 HNE LHELA F T
4~ TTIDieR-Placeboy DFAFEICDOWTHET 5,

EPr £ FR5R [Strengths and limitations]

T % 13 EQUATOR Network 23 HE*E 9™ 2 J7 505 1
E>TED, KAA 74 vDPEEOERZHIRIN
WD AN DHA FF74 0 THDEMHELTW»
%, BRF A & LT, TIDieR-Placebo DAl H % fil
HT 2 7200FEICE T, BIEFITEYEE, 4

BEREAG, OEEE, B X ORISR %
FIRDIb DD, PEAFEEOLI - ATEI A
EVSTABD N AN T F A4 FIZOnTIIRGRE L
Dol mBEToND, ZOMEMI D, F—2I
AV N—TIIATEIN AR B K VB2 o) B
MEPEGEFNTVE, £, FAEREZEDOY V7V
X, 77 R /v ANADHEMRTEH 7LD
D, REMEZROTOLARRIEL D 5, PRI
X0, 77 ROMRERVPLIFLIEHMEIINT
W EDIREINTIID, TRAIWE T TR/ > ¥ b
AAITHREE L 7R IR 2 U T2 0ERH B &
T L7z, CORZHD 729, HiEE 20 4 DEIK
ABREMH AN L =Y —T A P Z2HEMLTD
B, ZDT7 4 —FNy 72T,

#5:% & 3R S [Conclusion and recommendations]

TIDieR-Placebo X, 77 K/ v LW/ AD
WEDLDDFHE LTI A R THY, fhoF = v
JVAFEPRTHERATZZ L3 CTESL, TR
AT 22ET, 778/ v AREEREBICNT 2
PR E D, ZDOHEliE K OFHMi %17 9 68123
LT3, Fxlk, KA F T4 v DAGEDORES
12 X o CTHEXE X 41, EQUATOR Network 1 #HA3A &
n, fhoF =y 7V AL, FFIZ CONSORT & ff
TSNS 2 E2mMCHERET 2, SRV TEEX
v oN—1%, 5%, EQUATOR, CONSORT, & & U8
TIDieR D& 7 —F > 77V =7 L, Ki4
Fo24 vOREL EEENTID A TW» L,
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Introduction

This narrative thrive traces my path from undergraduate
exchange student to doctoral researcher at Meikai
University's Research Institute of Odontology (M-RIO).
What began in 2008 when my family hosted a Japanese
student in Toluca evolved into a friendship that
transcended borders and, ultimately, a life lived between
two worlds. Under Professor Hiroshi Sakagami's
mentorship, I developed my master's research, returned
for doctoral studies, and integrated Japanese scientific
rigor with my Mexican heritage.

This narrative extends beyond the laboratory,
encompassing the everyday experiences that shape
a bicultural identity: raising children who navigate
two traditions, building a marriage that bridges
cultural differences, and discovering that international
collaboration is, at its core, a deeply human endeavor.

The metaphor of the Living Bridge: not concrete
and steel, but built and sustained by people, mentors,
families, colleagues, and children who belong to two
worlds. The differences between Mexico and Japan are
profound, yet they need not divide. Japanese structure
offers foundations; Mexican flexibility offers wings.
Japanese precision ensures quality; Mexican creativity

imagines possibilities.

Personal Journey: From Undergraduate Exchange
to Master's Research

My relationship with Japan began in 2008 when I
participated as an undergraduate dental student in the
international exchange program with Meikai and Asahi
Universities. During that experience, my family hosted
Takafumi Fujita, a student from Meikai University, in
Toluca. What began as an academic exchange evolved
into a lasting friendship that we now consider a family
bond (Figure TA).

That same year, during my visit to Meikai University, |
had the privilege of meeting Professor Hiroshi Sakagami,
who later invited me to join the Meikai Pharmaco-
Medical Laboratory (MPL) at the School of Dentistry of
Meikai University in Sakado, Saitama. (Figure 1B)

Under Professor Sakagami's mentorship, I developed
my master's research projects:

e Effect of Three Fluoride Compounds on the Growth of
Oral Normal and Tumor Cells

« Cytoprotective Effects of Opuntia ficus-indica Extract”
This experience during 2011-2012 marked a turning
point in my scientific training. I became immersed in
a research culture characterized by methodological
rigor, systematic documentation, and an international

perspective (Figure 10).
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Figure 1. Legend: From zero to one, connection becomes not just a possibility, but the foundation of who we are and who we can become.

Academic Continuity: From MPL to M-RIO in
Doctoral Research
Under Professor Sakagami's continued mentorship,
I returned to Meikai University for doctoral studies at
M-RIO. Through Meikai's global partnerships, I have
collaborated with researchers across diverse scientific
traditions, learning that while our methods may differ, our
passion for advancing patient care unites us. (Figure 1D)
This global network complements the longstanding
partnership partnership between Meikai University,
Asahi University, and the School of Dentistry of
the Autonomous University of the State of Mexico
(UAEMEéx), the foundation of my academic journey.
Equally meaningful was my family's visit to campus,
where they met my colleagues and experienced my daily
life. Their presence transformed the university from a
research place into part of our family story. (Figure 1E)
These contributions highlight the intersection of
dentistry, molecular research, and preventive science:
* Quantification of in vitro replicative lifespan elongation
activity of pharmaceuticals, natural products and
radiation using the "overlay" method ”.
 Potential medicinal efficacy of alkaline extract of pine

seed shell: Anti-UVC activity and macrophage activation .
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Cross-Cultural Analysis: Living Between Two
Worlds

Culture isn't about right or wrong, just different ways
of being human, and while Japan and Mexico may seem
like opposites, one structured and rule-oriented with
linear time and systematic problem-solving, the other
flexible and relationship-driven with warm expressive
dialogue and creative improvisation, their differences
are really invitations, not barriers. In Mexico, warmth
arrives like sunlight through lingering hugs and animated
talk, where relationships beat schedules and we say "I
love you" very naturally, while in Japan, warmth speaks
quietly through the bow that acknowledges you and the
punctuality that says "your time matters," where love
shows through action in a perfect bento box or careful
gift wrapping. From Japan we learn that greatness lives
in small perfections, that discipline loves your craft and
collective harmony honors self-respect, and that patience
deepens everything, while from Mexico we offer that
structure needs lightness, that openness connects without
armor, and that resilience means leaning on each other
when far from home. We don't have to choose between
discipline and spontaneity, silence and song, the careful

bow and the open embrace; Japan teaches collective
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consideration, Mexico teaches spontaneous connection,
Japan shows structure as love, Mexico shows love as
structure, just more flexible, and together they shape a
richer, more integrated way of living, not in one world or
the other, but on the bridge between them, where the best

views are. (Figure 1F)

Family Perspectives

My Parents in Japan: They see Japan as highly organized,
safe, and punctual, with efficient public transport and
deep respect for social norms. However, the reserved
communication style and language barrier contrast sharply
with Mexico's warmer, more expressive interactions.

My Wife in Mexico: She experiences Mexico as warm
and community-oriented, with open communication,
strong family ties, and emotional expressiveness. While
systems may be less rigid than Japan's, this flexibility
fosters creativity and interpersonal connection.

Together, these perspectives reveal how Mexico and
Japan complement one another, and our marriage has

become a living bridge between both worlds.

Beyond the Laboratory

Daily life extends far beyond research. Cycling to
campus, sharing meals in the cafeteria, exploring areas on
weekends with my family, these everyday moments have
been among the most meaningful. I watch my children
grow and discover a new culture alongside me.

Shopping at local markets, learning seasonal traditions,
and gradually finding my place in the community have
taught lessons no classroom could provide patience,
adaptability, and deeper appreciation for cultural
difference.

Japan teaches me discipline and structure; Mexico

References

reminds me of warmth and resilience.

Conclusion: One Link in a Long Chain

From Mexico to Japan, from exchange student to
doctoral researcher, my journey reflects decades of
sustained relationships. Japan contributes methodological
rigor; Mexico contributes adaptability and warmth.
Global partnerships expand this bridge further.

Their differences are profound, in communication,
time, family, and problem-solving, yet they complement
rather than divide. Japanese structure offers foundations;
Mexican flexibility offers wings. Precision ensures
quality; creativity imagines possibilities. Restraint creates
space; warmth fills it with life.

The Pacific separates geography, but education unites.
This bridge is built by families, professors, colleagues,
and students, person by person. I am grateful to belong
to both cultures, to raise children who will carry both
traditions, and to help others cross between them. Our
differences, honored and integrated, become our greatest
strengths.

From this emerges a deeper purpose: to share the
knowledge gained and continue growing, not only as a
researcher but as a human being. Following the journey
from zero to one, from uncertainty to understanding,
from fear to connection, this path becomes more than
personal achievement; it becomes a responsibility.
A responsibility to give back, to guide others across
cultures, and to transform what was once unfamiliar into
shared understanding.

In this way, Living Bridge continues to expand, not only
through my own experience, but through every person
who dares to connect, learn, and grow beyond their

starting point.
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