22~ F2FTRTERERA P BT IRE &
AL~
Department of Biomechatronics Engineering

College of Bioresources and Agriculture

National Taiwan University

Master’s Thesis

VU St (UORRERE R L AR 2 3 of B R T NP A i s
H-T—;}?,}
Development of Decellularized Liver Matrix-based

Nanomedicine for MASLD Application

v 3
Yong-Heng Lin

%%%ﬁiﬁﬁﬁﬁi
Advisor: Yung-Te Hou, Ph.D.

¢ ER R 113 # 77
July, 2024

doi:10.6342/NTU202403205



e RBFEE) L2 A% X
nIRXELEBEEELE

MASTER’S THESIS(DOCTORAL DISSERTATION) ACCEPTANCE

CERTIFICATE
NATIONAL TAIWAN UNIVERSITY

R . 1A S V-t RS 2o Ry e N N e

Development of Decellularized Liver Matrix-based
Nanomedicine for MASLD Application

J , . "
S N (Ril63103 ) AB £ AR
; KR ELL B % 7/ B in B 42) KA ZAA(H) £ 2403 3 7 R E
2% 1| BLBATHAREZEESTRBRIREA » LR -

#

The undersigned, appointed by the Department / Graduate Institute of Biomechodronics @n\;,'r’wew}n i

on _J5v (date) I | y _ (month)_7»2% (year) have examined a Master’s Thesis (Doctoral
Dissertation) entitled above presented by fong Meng  Lin

(name) RI(63(03D (student ID) candidate and hereby certify that it is worthy of
acceptance.

7 23X 2 B Oral examination committee:
) Y ’/ Z ? 1 %‘
{9 A % /é% 'S {2 W%

(35 B2 3% Advisor)
L b 2 7
(32312 ‘éS%Z

Z (pfr~2mef2) £ Director\; —§/%i ‘{ % @



edwar
矩形

edwar
矩形

edwar
矩形


BEAKELF - BB FLARSI M ATRRT IALITNE LR L 9T & 5 hpt
B ig- B sfRS et Ao end ey 0 g Bany 4 she R0 kg g 2 enfle s L
FoFFu bR I EHEEELR Y 2y A BRTYH > w S F BN L L E AR

B AR H g F R G PR < 2 i B A A PR AT B X

RIS

T - B uﬁg GO AN2F L Bt _MZL;H;‘E_L E’—f—q‘%%ﬂ » i E AR S A7 —-F%gg»;uﬁq.g—
T R - AR - S AL PR R TR EAN S AR R0 2R

fe eask fifb."l P FUEAAI XL A M ERPN MG T EER B?iiﬁ%i\l LRUE=R S

WMATESH 3T ESBXFMETLRFIRLINE LR £ 0 B 7oty o
B BEMHT L IRE - AU HRUEMESELELBZHEN S ZL R A
THAE S EFRME A% R L ARG o4 FEENRHINE AP D%

R P LEI IR R PR NEE Iy P e L P Y o ¥ BER B
;FK”’\ Fenh gk gz Ay B FLEATR ﬁki’l‘ﬁﬁih Lo ths B A G o
ERIE T AMERT P AFHTY I o R F AN L RF DAY A L e F e A

ERE NS B PRl S - SR NG STEVER (L SR o S AR e TR

~RR PR A FH SR (TR AL & mentor o 1 E R A KA 40
FERNARN > 2 BE TV AFEH NI HRAEAENE FIAFET o AFEY R P> B LR E AN

MR ST B I AL 3 SRR x/%*, WL R RBPITILE SR > L LA TR %
PR R F R R ST R B AR g 8 LR SRR R 2
PR M- ARD RS o Z A KA R LB Aaf el R F A RR R B A
FARINEZBE o “,ﬁ%") Bk b F ek s d B R B thle AR s 2R DR
R SRE 0 R AT R R BT 2 AReip T MARENE AR R B AT enRkig b 2
Enl - Lo fild BRI DA WY R AT B A GRS LGt R

=

AN AT R E R e o iR

doi:10.6342/NTU202403205



doi:10.6342/NTU202403205



R

HERA by REPEH LR LEET o e b 2HFP 1279 %5 F 5 (Nonalcoholic fatty
liver disease; NAFLD) it pijikx £ ¥ A o @ AB T 7 P & FRAF LG T 72 T
GATEEE 3V A SRE L 2Pt A F > FI T R { B NAFLD - b 2 & G A ErR
it AP B g e~ (Metabolic dysfunction-associated steatotic liver disease; MASLD) - 28 @ P =
LRk R ES S E D EZEP H oot o 50 a { F okenfgil MASLD > A R E R

BE- 2 MASLD § EF v ok chi K & o
AFY on R - ﬁﬁ‘rﬁm’é KBS o B SRR T IRGR G B2 g AT AR S B ST
FpAaad BitAs L5 - A 3 8L B 1% R iwe it 5T F (Decellularized
liver matrix; DLM) £ ¥ % & (Tannic acid; TA) 2= 2 ¥ #4 > T H{HH @G FRP % = 30
ARAHGZZAEFEFHR AP ER e AT R AR AR e
(induced pluripotent stem cells; iPSC) #73 @ = 2. #+jmPe 1 2 + B4~ (% 2 Ji i Flme 2225 3

BEHEiTErg o DHRPIE e E R e Fme e o it A raE 2o B MASLD 27

-

TR K F ¥ MASLD | BUR BHS a0 w AR ehat 4 o

EAFTHEE? TUFR TAE DLM R 2 & £ 2 2 Kk F ahic 4 5 2 A4 3|
MASLD # 3] p# > & 7 22 TA 351 5 AMPK pathway @ & 87 " 1<% [T fg 0 2 &=
iz i i 4 ) S TADLM 2 A Ef e BERTAPRITTH  TAF FL 5 F sxend o
B (S % TA-DLM 2 ¥ &4 3 ~ 7] MASLD # P #3210 > 322 K E4 4 BT 0 d 7Fp 7y
Tz 2 D B R SHAEY o AT R %4 % 5 MASLD s # 47607 % 4o

B %5 MASLD in A8 4 k£ & chi ok o

MatF o wlwre (LS F (Decellularied liver matrix; DLM) ~ % 5 # 4 (Nanomedicine) ~ ¥
B & (Tannic acid; TA) ~ H 3BF& & g 9% s (Metabolic dysfunction-associated steatotic liver

disease; MASLD) ~ "% 12
ii

doi:10.6342/NTU202403205



doi:10.6342/NTU202403205



Ee 2

In recent years, the incidence of nonalcoholic fatty liver disease (NAFLD) has been increasing
due to excessive nutritional intake and lack of exercise. Recent studies show that NAFLD can cause
systemic metabolic dysfunction, leading to its redefinition as metabolic dysfunction-associated
steatotic liver disease (MASLD). However, current clinical trials have not proven effective. This
study aims to develop a nanomedicine with significant recovery effects on MASLD.

This study aims to develop a novel nanomedicine that enters the liver and promotes the
recovery of fatty liver to a healthy liver in patients. The research is divided into two parts: the first
part involves the development of the nanomedicine by forming nanoparticles using decellularized
liver matrix (DLM) and tannic acid (TA) and characterizing their properties. The second part
involves in vitro and in vivo experiments with the nanomedicine. In the in vitro experiments,
hepatocytes derived from induced pluripotent stem cells (iPSC) and primary mature rat hepatocytes
are co-cultured with the nanomedicine, and their cell viability and liver functions are detected.
Additionally, a mouse MASLD model is established to evaluate the ability of the nanomedicine to
restore metabolic function in MASLD mice.

The results indicate that TA and DLM can synthesize nanoparticles. In the in vitro MASLD
model, TA activates the AMPK pathway, reducing lipid accumulation and enhancing hepatocyte
function. The TA-DLM nanomedicine outperformed TA alone. In the in vivo MASLD model, TA-
DLM nanomedicine improved intrahepatic lipid accumulation and systemic lipid metabolism.
Therefore, this study offers new methods and prospects for MASLD treatment, potentially leading

to significant breakthroughs in the field.

Keywords - Decellularized liver matrix (DLM), Nanomedicine, Metabolic dysfunction-associated

steatotic liver disease (MASLD), Liver regeneration
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¥R

2.1 MASLD/MASH o5 3 B iR

P 23R PO TSR b Biaap MY 95 (MASLD/IMASH) 3 4 [26] -

=N
=
F_k
#
q\.
.
\

_ii%

b BB R R AFRT (E esde & (Liver biopsy) 5 £ R & &%

Wi

¥ 5 (US. FDA) vi— 18 et = 2 [27] o 5 it 724 MASLD/MASH % = B 4 #7 5 T
F15 0 FDA 7 2018 & 12 7 3 & 7 £E g o 20T T BTG L 2 2EIFE R s
N A iﬁ Z 4 R g T % (Noncirrhotic Nonalcoholic Steatohepatitis with Liver Fibrosis:
Developing Drugs for Treatment, Guidance for Industry)[28] - ¥ % ¢ & 3| > d
MASLD/MASH % & :}ﬁai’%: 2 Hip b Pl m%;\}?r,‘.’;‘ ~ BR P R BB S HIIRET #

X

&b DF R R Foo 23k P A F BB 4 ¥ MASLD/MASH % 4 B 3 cnfie/k 325 & a2 (7[5] »

7

I

:j_g :

Vo

= n
Y
o

95 U Fa AT RE ~ Rk & MASLD/MASH B ehin g 2 i o B

MASLD/MASH 5% @ chi# $ 5 hijpdsigpd Bferc L B R ~ e df § 75 ~ =
SEAL I RAPM R S B P BT TR RS Y BB R B R A & AN T A g LR
SRR SRR m A2 2 L [6] 0 TR AW ER N T A% Y MASLD/IMASH TRk i
2 FE o RRBOE P Y RZENH G e
® Selonsertib

Selonsertib » #£ % GS-4997 » & d % & Gilead Sciences = # 2 & ch/k = 3 43 & jpr 1
(Apoptosis signal-regulating kinase 1; ASK1) #r#]#& - ASK1 it é’é%ﬁ =1t i JINK 22 p38
MAPK » 34 & 35585 ke B 1L 2 A 4 wmfe T3 > ¥ 58 e f2 5N 5 2 AR > FriliiiEAe
F A 'E M2t MASLDIMASH & e S 2 3 Fgla i AR R [29] 0 XA iRk idsk - A2 1)
HIpdp o ox[30] > Flt ok v FEE o
® Cenicriviroc

Cenicriviroc £_% & Tobira Therapeutics = & - f& C-C motif chemokine receptor (CCR)

6
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2/CCR5 v JRZ R FEFLH] o § "Fimie L4 pF > B < e (Kupffer cell) ¢ ~ ¢ CCR2 ety
fv CCR5 &hfiedd » & W {5 H 12 m?e (Monocyte) frik = im#2 (Lymphocyte) #3+% " B & %
=R T E VIR E Ik 'mPe (Hepatic stellate cells) i = iFga it o F]pt > Fr4] CCR2/CCR5
Ro 59 %E MR K dm e eniE I s ROV OFRRE L 2 R ek R[31] 0 A e AdRB A iR R
bR AT BT AT L - AR R ATRR L kY vF #ed[32] -
® Elafibranor
Elafibranor » # % GFT505 - &.d ;2 & Genfit o @ %724 2 £ F * F fs 3 2 4 e
& % %8 (Peroxisome proliferator-activated receptor; PPARa/3) /% it &) - PPARa ¥ PPARS =

WhrF 3 > TS me A 1 F T 8 R S e 8T 3 7 el MASLD/MASH ¢

-

BERGB S O LBk o gt ek s Elafibranor @ (R 2 4F 0 3 € 51ASRE £ Ae B S A AR
T2 EIY B S 2 g L eandpiRios i1[33] - KA ATRA R % T T R
¥ (Creatinine) 3 v crdf %Lz b » d 03 EH g2 A B anfnT i 5] MASH i
g o FP R E S Rk Fok s AP ¥7[34] -
® Obeticholic Acid

Obeticholic Acid &_d % B4 H = @ Intercept Pharmaceuticals #7 ¥  enengg iz L g X %
£2 (Farnesoid X receptor; FXR) i it &) » 5 % RPEpe483 ¥ "2F4 (Chenodeoxycholic acid) =
LL AR AT o FXR L& 22 A kA2 Y o B & S0 QPR BT e
ATFEE?d BFERPET o oo B FXR G H 4 FGF-19 4333 % ¢ - 3 -k v 4
P~ B o & AR 1 o & Obeticholic Acid s ™ > g- % & pri& # fr (0-
glutamyltransferase) ~ 3 %=<fis #& *=efis (Alanine aminotransferase) £2 3+ ‘& it 284 0 &g ¥ % 1>

ZLIFPE 1270 773505 % 12.4p B (Nonalcoholic fatty liver disease activity score) + & 3| =3

ﬂ\—«

[35] - e BB H7 it A REA LR MF R v (Low-density lipoprotein) = # g it

[36] -
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22 36 Fi K EH

2.2.1 . dmre v ST T

PR e (Y AR R R RN 1Y SR S DR T o RO B TR

A& *i_ﬁ/;-/’tﬁ?' /m-i mpglfrﬂ- /& N 'E"‘?g;p £ PFB%&%K f)v\[12] ° ij@’iﬁ,:‘;ﬂ?’?é [ B:F‘P;?{E’ﬁ
A et F RBE LR ARG 0 RG] RGETRE 20 F ahd £ RS fo e RpE[13] -

AL S e LR SRt S S e TRNEE Sk EEE £
FREEIPTE o Riwmie BN S FABEI O RILRT o dei F 0 S SERT A P L E
1 1¥[37, 38] o Hiime (L RREE L L R foPi o BHRILEF s PREES B
BRAFAFEI OB B R » TR & T T it 3RE o T 0 Ble e L IFERE
- BRFaFeg1 il o AF LRk R DFRRFIEL 240 R TES R
kA MERFAPFPFIELERALE R ADLM F A auEE o BT T BT
BORFTREEFEEHBEINAN > 2R RF2 - v P e 23S 2 A HEY
FAR DL o BenBF <) s P fofEd e A AR RERDEFT A AWML ¥EE
TRCU T BES Ha A Bk Yk o et o FEene e Uk (Swine Leukocyte Antigen; SLA) &2
A g ene fmPz Fuk (Human Leukocyte Antigen; HLA) £ 5 3 & A4p 0243 o igfi4p 02425 B4 30 3E
RlIfrd EHEEARY Tl F B A RF B H DT e AN FR S BALR M
BREFAT P ILEAEE KR BREY (F5 L3 DLM 448 % R[39]

d3 DLM hi & =4 B R 30 > At PR E 2 20 AP Ao {1 ¥ 53
v s imp B EBFEREIFZH PR g A APFENY R I 2 R kb
B FRAmARE T LA EH %R T R N WUB R R B 2 KRS o KA Y
e AR A BT AR GREERS A Y E- A Aed MEREERF T
MRS LR ER R e BRNORGIRAT SRR

B AART AP AMARERTER KRB HAETI[40] - G EB T HE
8
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Fupf S ko Rdefm - B I TR rAP R i) nFRTEEAT S # A
EL A P ARE - KPR o

RAFALET  FES o 27 UE LY 3-40 Mok % R Roo ok o T 4
AR GEES I G L W R SRR TV e 7 e LR
e R dew KT gRT o iTE T Y TR 0 SR e - fF (Polyethylene glycol; PEG) # w
WA (S e Fed Bk A K T A s R A T A BT B F R
FRMA G4t 2 X RAA[4L] - PEG L4 » 22 5 B % end 24 5 > 4 Kgach
CHEELR S FZEPIRE B e TR AR E KA ELLS TR AR

A RS o2 o PEG TS A B R M RSB ORI A 0 X BT T 2

o

Bengtx 4 o Flpb > 53 PEG & o B & chijey F# 4 ?“o?“'ii ERL %1‘14;‘1’ﬁli 50-200 nm
Bfm 3 > PEG £ % 2 4AF 3 W5 4o 5@;%;5_&;@&@@@ v 4 fo & hp e gru;g é,_{}ﬁ;ﬁ/ﬁ v g
T 0 W BE P e 5 st (Mononuclear phagocyte system; MPS) g3 2 i % fr s~
2 th s R b R RTRY PR G < RS F P @Rgrcd g E L F A FH
e * PEG 874G 347 > 2 58 1 3y FEP P HEE PEG B4 L & 4 4 4p 7 H{r i i
ZRIL O PEG HA M re BE L L5 § A FHELT - L FIREFARL FHFORE

benw B g R W P ¢ R PITRR FH L AR[42] - B L FR

Pt
pL

1Bk # ¥ g ehg| 374 4 # 0 PEGylated arginine deiminase (ADI-PEG 20) » §_#-f# it %
LTEPERe DB ) e RSV LA o WA AN A R R R
iepk o ADI-PEG 20 Al * »tip R i i - B iv* ] e A ik § 2acp s e L g B
¥ IR R AR BLenaFEg ko B @ end (PR G o b b ADI-PEG 20 4 i EGE > B
forFims chp (v ® o Jh B B T o R i o AR SHEA R Y > e FGR21
W#EF AT ADI-PEG 20 5 3 8T fFfrs B ¥ PR & 8% o ZER/ NG THT
ADI-PEG 20 s 4§ F @R E M 4r > e L% A RE L TR RGP FERWIL) BDT Hn
FH e = fia ~ PEFIER o2 1 f ek o B ¥ > ADI-PEG 20 fn o ik i i M in e FGF21 b

G £ 8 A AR 2L 5 MASLD 6 B 4 BA (7% o WAa 5 o ADI-PEG 20 i
9
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HEIRGE P (T fodh S REL N 524 NAFLD 2 4phf A 3FF %0 5 5 R enitig o
[43]

AN AETHEFEPERS DLM chE 1 ~ o prd ¥ flfen 2 A k3 FF BN &
B F R G e e @ PEG F1A G5 AR AR AT AR

L P R A R E R A RAIGE > P K R Ry FER P
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2.2.2 ¥ & (Tannic acid; TA)

TA * fLidipe > BV kBRESFRF - > S 3P PEB AL £ A0
£ /% 500~3000  e4f fe R fe &8 (Polyphenols) i &4 o TA i3 > 8% 52 8
T Ede? o 4ot i F (Bearberry) ~ &% #x+ I (Meadowsweet) ~ & #f (Camellia sinensis) ¥ §”
F (Vitis) & o pw TA @ &2 5 Fug it ~ BEEPEFRRABF> » £ 3 f@;ﬁ;i 2RFEE R
Wengy (a4 [44] 2 f 0 R R B R R~ TA BES T PR G AR 2
#[45] e TA 2 MARRZ A g anp ity LS F R -4 [M] ok TA
3 Fr#] Jak2/STAT3 & pathway 17 88 M b ?e k= % 5 [46] - Fﬁﬁ)@’* ? > TA £ CCls
FHA AT B H L % e d ek [47]
Az g K3 v‘)]?e:};] I TA 3R E 4 i F s RAFAY g:}ﬂ HTA ¥ L ods
e e g i ft > pdt 1 MASLDIMASH & 2 i 7 i A3 & dh e f2a 444 TA &
MASLD/MASH Ap B 5 3] cndf s B F 26 F £ & TA A3 ' Mimbe p i imdff 1 2 3
BT enf = oo L g v pkdpd o DR R TR G HEMIIRH G EI R
(Oleic acid; OA) # ¥ = 7o 37 4] 2. HepG2 Mm% & 5 F "% iXlm?e p Podkdaff 11 2 w45
USRI S SR (kI R L A ek Y 5 K E A SR AURE e A T 4
i# AMPK pathway 1 & 1 e 7o B i i 42[48] - Chung et al. 73 TA £- £ 5 5 #iw
L (Anti-obesity effects) «-»z % 2. HAT inhibitor (HATI) - i & % MASLD/MASH £ % 3557 &
el R NA ot sk sk b R bufod R Y R ApRE[49] 0 4 G - A T 7 4
P> TA 3 MASLD/MASH 5 e ® ae o PXm MASLD ¥ TA Bf i p w0 iR /7 7 1
Booopwd R RO TA & MASLD ja ® chEflsc%k « @ igs 2 5 AP 3

- WO B AT

11
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223 %% FoE B2 M2 3 (€F

PHAGY R FTARNSPAAGE SPHEFT - BAIPEF TL 1 2§ i ahiiit
ARG G FEUMERFB0] ek SRS T Ay VR PP O RS
#ERN ST R Fearn s )’j* FAFRERE > LR RTFT o Ba A MR o
PR HE UGREINGE S Y B DI RS T o Aot - RN Pa P Y SRR TR
Co A RRAPERRA S F ¢ S LS i [T R BL] o A g B9 R s LA
T R ERERGLE KR o vy IRy ‘iﬂﬁ‘\b’“ﬂv\;}i’s}é E270%; 3 &£
WHE G FooEEky HAL T LW R ST S B 0 p e o &
P T I ARRMT AR A A RE AL D RBIRY o B IURY €'FF
hEEEArC EEEL o R EERAL R ;“aff,}%?,ﬁ‘“r" ezt gp o od AT RN sk WA SR T
BRA G > T B NELE S ew 31 FrkhR K [52,53] o e fa s diw it IR ahd
T A ALY WL EAY B E R D v VAR e P oW ?}I?c:fﬁ AU R B L ot ol S e
2 Behg b4 AR A GAfE AL E Tt 4 fopRiier 4 SR Fensg A E (-
OH) ¢ frrdim Fv ¥ enzp =4 ((COOH) & 4 & 42 1%% 4 [54] > @ % fosgd Fenx 4 3k § ford
G0 F OO g phz eIk (Pyrrolidine ring) A 2 g R IR 4 o Fpt S EgES T U A
Wfed-e B SR PEZ F LA P a3 T A)3047 £ H[55] -

TH o adud g d S TAL AR NN frme? Foo FIE® P B G R F
2 AR BEA[B6]c TRy ? O TA B Fhd A BET AL N a2 H
R FRY D B RPEADBN-TA R TR FTREE S TKRGES B
ﬁ_?[];kb EEP R GEREFHRERC LA ER % TA T ,u;‘ggl 2ol E R E 2
oA+ (10-100 nm)[S8] - wi A FT G v dp Ao SFEK gk N & dxehdt JF (Fenestration in
sinusoidal endothelium) = -] %) & 200 nm[59] » F]p* TA & F-v F#a; 8z F o+ { F 5 ;’g

d A 3@’3@] (Passive targeting) 1= \Vi& » F|3Fimie ¢? o

12
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2.3 P Fxen P & (Specific Aims)

Specific Aims 1: 2 X F4 s H T

AT S - BRRLBEUE LR TR T ERR L Ed 2 2N ES -
£ ﬁ:z—”"’v’iﬁ,f@.f%‘&iﬁa.l‘l e en™ 38 PBS, Triton X-100, SDS % 7% & Jig 14 2 “ﬁvtji RS B e
WLR R RS H o RS R Y RO R HOFBRUEFR e % 22 DLM $# & o
¥ F AH-DLM 122 R o - prf = B4 & (Cyanuric chloride) #-3 H 3 & 12 > 1% FT-IR &
BEEESIHETE o R{s ¥R e - it o DLM (PEGylated DLM) £ 8 Bt £ 330k ¢ >

7 & #® TA-DLM % & &4 (TA-DLM Nms) o {5 5 € i@ * & fi k4fgstd s » 47 % (Dynamic

light scattering; DLS) 2 2 7 % ;% & & &g icse (Transmission Electron Microscopy; TEM) 7z A
sy

Specific Aims 2: #-2 ¥ #$H3& > A MASLD #73] ¥ Rl H 3+ m% L3535

witd

rAEF % Z B P& TA-DLM 3 F Z4 A48t MASLD $7] ¢ 30 3758 m ve 7y
FiFUEIFH R FR G FLIw R WA R RS ISR B - AERIIEY R AN
123 MASH 5 & 51 iPS tm¥e of 2 9 ime > 5 - fRCRHR Y 4 Bl % A HOT e o A i
Al ¢ i@ * jd pe (Oleic acid; OA) #-"+im%e 3 ¥ 5 7o %%+ m?e (Fatty hepatocytes) » i i * % f=
kR 2. TA DLM, TA-DLM Nms # B 2 $Z 3 2 58 - S 2w G ) chlmie $ 107 1Y
H|gripl R T ELE 7 " M hepatocytes ballooning it 4 > » 721 AdipoRed ¥ & F Fx

Wt g T2 R o AR AERY BRI e b RRE TR KBS T Aol

0oded & oo B HUTRER P TR G w AR a4 o
13
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Specific Aims 3:3#-% ¥ #44 » 3P MASLD #5731 ¢ R H5FmPe % Tt

Bz A

AP EE = B P HRGRR TA-DLM 7 5F 45 4 MASLD #0737 $20 37500 i
PR e PRSI A EF R i el N P %A B A AR B - AT
#- C57BL/6J | 8L A T i3 s+4d% iz A% (Streptozotocin; STZ) 15 » &5t fs L 4k & F "q L
(High fat diet; HFD) 3% # = MASLD 73] > 22 {6 L i {7 % k& 2 TA-DLM Nms #f %53 &4 »
AR B E O K EFER % - fAHCA 54§ C57BL/GN /] Bl HFD 2 % pEd k3
= MASLD #4] » 2 & £ » W32 & TA, DLM, 122 TA-DLM Nms 12 & B H = ?{}“ﬁ?
MASLD a4 shfe 8 o F S A2 € rOoC iR o) R F o e m gt a4r ;)
REHien ¢ :#e’kﬂw*:sp_f%‘a RPN 2= pay b fgteiR 2 ey o0 4]0 2 TA-DLM

Nms &_F ic FEf "% MOFR g B 2 & 0 E v R o

Tannic Acid g ‘i"
w =\ ¥, Y 1st Stage

Synthesis of FT-IR TEM
TA-DLM Nanomedicine

2" Stage -l p—

Biochemical analysis

Cell division in vifro culture

MASLD/MASH TA-DLM Nms Liver
in vivo model injection regeneration

W= 2 EFTILW-

14
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BIRHEE - #H - RFRXRAARREF

311F%¥E 5

AKO2N medium (RCAKO02N) was purchased from Ajinomoto (Tokyo, Japan). Triglyceride
Assay Kit Quantification (ab65336) was purchased from abcam (Cambridge, UK). BD Matrigel
Matrix Growth Factor Reduced (354230) was purchased from BD Biosciences (Franklin Lakes,
New Jersey, USA). Rat Albumin ELISA Quantitation Set (E110-125) was purchased from Bethyl
Laboratiories (Montgomery, TX, USA). Urea Assay Kit (DIUR-100) was purchased from BioAssay
Systems (Hayward, CA, USA). CHIR99021 (13122) was purchased from Cayman chemical
(Michigan, United States). DNA Quantity Kit (PMC-AKO06-COS) was purchased from COSMO
Bio (Tokyo, Japan). 0.4 w/v% Trypan Blue Solution (207-17081), Collagenase (034-22363),
Tannic acid (201-06332), Y-27632 (035-24593), Fibroblast Growth Factor (basic)(FGF-basic
/bFGF/FGF2), Human, recombinant (154aa) (064-04541), Dexamethasone (047-18863) were
purchaed from FUJIFILM Wako Pure Chemicals (Osaka, Japan). William’s E medium (CC901-
0500), DMEM/F12 medium (CC113-0500) were purchaed from GeneDireX, Inc (Taoyuan,
Taiwan). Penicillin-Streptomycin (15140122), Fetal bovine serum (26140079), Trypsin-EDTA
(0.25%), Phenol red (25200072), B-27™ Supplement (50x), serum free (17504044), Advanced
DMEM/F12 (12634028), Knockout serum replacement (10828028), L-glutamine (200mM) (25030-
081). MEM Non-Essential Amino Acids Solution (100X) (11140050), Penicillin-Streptomycin
(15140122), KnockOut™ DMEM (10829018) were purchased from Gibco (Grand Island, NY,
USA). MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide) (M6494), Cell

Viability Imaging Kit, Blue/Green (R37609), Rat IL-6 ELISA Kit (ERA31RB) were purchased
15
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from Invitrogen (Waltham, MA, USA). Hepatocyte Basal Medium (HBM) (185320), Hepatocyte
Culture Medium (HCM) (185389) were purchased from LONZA (Basel, Switzerland).
Nicotinamide (24317-72), Albumin, Bovine Serum, Fatty Acid Free, pH7.0 (08587-42), Sodium
chloride (31320-05), Potassium Chloride (28514-75), tri-Sodium Phosphate 12-Water (31804-75),
di-Sodium Hydrogenphosphate 12-Water (31723-35), Sodium Dodecyl Sulfate (31607-65), Sodium
hydroxide (31511-05), Phenol red (26807-21), Tris(hydroxymethyl)aminomethane (35406-75),
Molecular Sieves 4 A 1/16 (04172-95), Sodium Carbonate (31310-35), Sodium Tetraborate
Decahydrate (31223-85), RPMI 1640 with L-GIn (30264-56), 2 - Propanol (29113-95) were
purchased from Nacalai (Kyoto, Japan). iMatrix-511 silk (892021) was purchased from Nippi
(Yokohama, Japan). Cellmatrix Type | -A (Collagen, Type I, 3 mg/mL, pH 3.0) was purchased
from Nitta Gelatin (Osaka, Japan). Isoflurane was purchased from Panion & BF Biotech (Taipei,
Taiwan). Recombinant Human Activin A (GMP120-14E), Recombinant Human Oncostatin M
(300-10) were purchased from PeproTech (Cranbury, New Jersey, USA). Rotor-Gene SYBR Green
PCR Kit (204001) was purchased from QIAGEN (Hilden, Germany). Recombinant Human FGF-4
Protein (235-F4), Recombinant Human HGF Protein (294-HG), Recombinant Human BMP-4
Protein (314-BP) were purchased from R&D (Minneapolis, Minnesota, USA). RNase, DNase-free
(11119915001) was purchased from Roche (Basel, Switzerland). Lactate dehydrogenase activity
assay kit (MAKO066), glutaraldehyde solution (50% in H20O) (340885), Triton X-100 (X-100),
Dimethyl sulfoxide (D4540). Hydrochloric acid (320331), Urethane (U2500), L-Ascorbic acid 2-
phosphate sesquimagnesium salt hydrate (A8960), L-Proline (P0380), Dexamethasone (D4902),
PeroxiDetect™ Kit (PD1), Dimethyl sulfoxide (D5450), Pepsin from porcine gastric mucosa
(P7000), Acrylamide/Bis-acrylamide, 30% solution (A3699), Glycine (410225), Ammonium sulfate
(A4915), Methanol (179337), Bromophenol Blue (B0126), 2-Mercaptoethanol (M3148),
Poly(ethylene glycol) methyl ether (202509), Cyanuric chloride (C95501), Benzene (anhydrous,

99.8%) (401765), Hexane (139386), Dichloromethane (D65100), Formaldehyde solution (252549),
16
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HEPES (H3375), Retinoic acid (R2625), Sodium butyrate (B5887), Oleic acid (01383) were

purchased from Sigma-Aldrich (Munich, Germany).

17
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312 RE%&#H

96-well ELISA plate (ELISA-PS-96F-F-H) was purchased from Advangene (Lake Forest, IL,
USA). Blood collection tubes (367815), EDTA Tubes (367835), Heparin Tubes (367884) were
purchased from BD Biosciences (Franklin Lakes, New Jersey, USA). 15 mL sterilized centrifuge
tube (430052), 50 mL sterilized centrifuge tube (430290), 10 mL Polystyrene Sterile Serological
Pipets (4488), 50 mL Polystyrene Sterile Serological Pipets (4500), TC-Treated 24 Well Plates
(3527), 60 mm TC-treated Culture Dish (430166), 70 um Cell Strainer (352350), 100 pm Cell
Strainer (352360), 5 mL Round Bottom Polystyrene Test Tube, with Cell Strainer Snap Cap
(352235) were purchased from Corning (Corning, New York, U.S.). Filter Unit (0.45 pm)
(SLHPO33R), Filter Unit (0.22 um) (SLGV033R) were purchased from Millipore (Burlington,
Massachusetts, USA). 200 mesh (01800-F) was purchased from Pentad Scientific (Hsinchu,
Taiwan). 1.5 mL micro-centrifuge tubes (SMB-M1510-LRC), 0.5 mL micro-centrifuge tubes
(SMB-M0510-C) were purchased from StarMoonBio (New Taipei, Taiwan). Tissue Culture Plates
24 well, Surface Treated (10062-896) were purchased from VWR International (Radnor,

Pennsylvania, USA).

18

doi:10.6342/NTU202403205



313 HRERA

Standard-Level Analytical Balances (HR-250AZ) was purchased from A&D (Tokyo, Japan).
Tetra Handcast Systems (1658000FC) was purchased from Bio-Rad (Hercules, CA, USA). Light
microscope (Axio Vert. Al) was purchased from Carl Zeiss AG (Oberkochen, Germany). Gravity
Convection Oven (DS30), constant temperature water tank (G-10) were purchased from
DENGYNG (New Taipei, Taiwan). Centrifuge (5810R), Pipettes (20-200 pL, 0.1-2.5 pL, 100-1000
uL) (3123000055, 3123000012, 3123000063) were purchased from Eppendorf (Hamburg,
Germany). Fluorescence lamp illuminators (X-Cite 120Q) was purchased from EXCELITAS
(Pittsburgh, PA, USA). Autoclave (SS-50E) was purchased from Ezmedica (New Taipei, Taiwan).
Orbital Shaker (S101) was purchased from FIRSTEK (New Taipei, Taiwan). Zeta potential and
particle size analyzer (SZ-100) was purchased from Horiba (Kyoto, Japan). Fluorescence
spectrometer (FP-8300), UV/Vis spectrophotometer (V-530) were purchased from JASCO (Tokyo,
Japan). Field Emission Transmission Electron Microscope (JEM-2100F) was purchased from JEOL
(Tokyo, Japan). Precision digital quantitative peristaltic pump (DPHO01) was purchased from LEFO
SCIENCE (Taipei, Taiwan). Ultrasonic cell crusher (Q125-110) was purchased from Qsonica, LLC
(Newtown, CT, USA). Automatic biochemical analyzer (Cobas c¢111) was purchased from Roche
(Basel, Switzerland). Fourier Transform Infrared Spectrophotometer (IRAffinity-1S) was purchased
from SHIMADZU (Kyoto, Japan). Absorbance microplate reader (Sunrise) was purchased from
Tecan (M annedorf, Switzerland). -20 °C refrigerator (RL1517W) was purchased from TECO
(Taipei, Taiwan). Incubator (370), pure water production equipment (50132373) were purchased

from Thermo Fisher Scientific (Waltham, MA, USA).

19

doi:10.6342/NTU202403205



314 R %t F

Sprague Dawley (SD) =~ & ~ C57BL/6N | & pft & 274l 4 o L H L g L @
C57BL/6J /| B W 73 &b 4~ 7w - 1947 & % B Jackson Laboratory j&_Dr, Little 51i&
C57BL/6 | R:gise ¥ » & & 5 C57BL/6J > H ¢ &0 “)” & & 5 Jackson Laboratory ; 1951 & >
F MR = &4 2 7 I (National Institute of Health; NIH) j_Jackson Laboratory 31 » 7 % 32 &
C57BL/6J i35 = 7 I 48 C57BL/6N » H # 1 “N” & & 5 National Institute of Health - = 3
WERmb i o FRREGSRES R L LT AT REE o F A
(F SH5% > 02§ L3000, B (5 30830 50), D (2 4% 29 e 7 2R E Fd 11 2

i A Jﬁ AL E L 0 FE 585 ¢ A (GNEL110162), B (HNE1110137), D
(BNE1110943) ~ F s b4 ¢ * K3 gpfesad (111 S #3'5 % 30 ) - AF7 g i 72
PR&FFARN2E2F - FFHRBFBRAEZ R LR €FHTPEFT (IACUC #5545 ¢
NTU-112-EL-00219) -
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3.2 % s 1 SFRERE FF (DLM) 2 8l &%

321 % B3+ DLM 2_ ] {¥in4g

I sn v L AFEERY R (DLM) «h3f F Bk @ * 2242 Sprague Dawley (SD) ~ &35 » 3 d i+f"
GULER S SN TR e A o F A 18G F B 411 6-0 E AU A FP 4RI 0 5
i e {4 g 1 12 mL/min ;%30 5 500 mL PBS + 196 PS i3 it 4 AR R ARl i
B i i 0l PE T T AR iRk 2 S R e o B K 40 A s 0 T - ) HFRE
fod B 448 Mg by 2t 15emdish o & F J10F 18 ik A 7R 500 mL 1% Triton X-100, 0.1%
SDS 4 0.2% SDS (¥ - #&73 % i# 5 %) 40 A 48) 5 3% 11 0.5% SDS 2w i = 5% i# % 6-8 ] pF
I DLM 38 ¢ HP > & {e £ 2 500 mL PBS + 1% PS / ‘v’”,ft“f—i BRI E R | B Al A e R4
it 2 DLM - Biimie v = 20 DLM A 5E4 g s Pv el > 4°C iy - ®l i

Bl4oBl = 7 o

3.2.2 g+ DLM 2_ ] i¥jnfe

o dnee TR T (DLM) i B2 7 3 B 75 § 2 995 o § R PR &) T A

-

i3 1% Triton X-100 -kig ik 3 ixie 2 ] P 5 33 M 0T ik B kiR 7 ok Bt - iz
AFif&4p (Sodium dodecyl sulfate; SDS) -kiz iz » & W & 0.1%, 0.2%, 0.5% » % e P& B & %
B 24 L PESG L PEEILE 4 ) BE e Bt LR D Skt 30 A 4a 2 ARG R A ) 8
o2 “,ﬁ% kA FTE B DLM, o pF DLM € R 3o ¢ F Pk 3 33t -20 °C kfa i * o

B Ty AL B 4B = 1T o
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PBS (40 mins)

0.1, 0.2% SDS (40 mins each) Q‘\ RN
1% Triton X-100 (40 mins) A

0.5% SDS (24 hrs) [l ¢
| S
( y

Rat liver

0.1% SDS (24 hrs)
0.2% SDS (6 hrs)
0.5% SDS (4 hrs)

PBS (4 hrs for 3 times)
1% Triton X-100 (2 hrs)

v
v

Pig liver

W= A BT f e 5 DLM B i/ 42 -
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323 "+ DLM 2 FBinfE

FA 321 &EITL FFDLM i kR & 10 mg/mL 33 05 M e ? » o P 4
> EBEER S 3mg/mL 1% J-v fF (Pepsin) o £X 18 g3t 4 °C T L 80 ] pF o gt B
PP R FFFDLM 2 FFSHE S WA BERERL Sinda s T K B4 CTERF - B
80 | P  BARBEZTETHEF RS )FE - FEEBRAE > BAR RN DLM BRT
®* LN NaOH k& pH &3 9> 12 i¢ Pepsin 4 /&% & 0k F i o 3% %48 53~ 12 0k iz
Wt 50 °C, 20 Pa eIk T T A R e R 48 ) B RSB SR E 20°CHRET
’,;E'% o
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DLM 2z % ¢ = pg it (PEGylation) & & 4 = = {84 : (1) mPEG activation, (2) DLM
PEGylation r 2 (3) PEGylated DLM £ TA 2 % & - (1) mPEG activation : g 5L #- 2 g mPEG
(mol.wt. : 2000 g/mol), 550 mg cyanuric chloride, 1 g molecular sieve (4 A), 1 g Na,COs &2 40 mL
F (Benzene) fm4aAjig® TR E Y FHIALF B 16 ) PF oo I GBI RIIN B R (S 0 # 60
mL i & = (Hexane) s BuiF » #4427 % % > 12 4000 rpm, 4 °C .« 15 min, & A& 4~ ok 45 )
£ 2 40 mL Benzenew ;3 {8 #-A ~ Frow kAT 2y 0 E£AF i B E DA F Jieh cyanuric
chloride = 2> 2 % » B fs BB s e A P (activated mPEG) R 52 2 % Benzene 12 2
Hexane I i3t -20 °C #%# ¢ ; (2) DLM PEGylation : #- 7 umol DLM, 1 mmol activated
mPEG ;%4 2 20 mL borate buffer (0.1M, pH 10.0) ¢ 2 40 °C #F §#4=~ K 2 /] % » £ #-pH &
AEL 6.0 2¢ ok F R #F #- phosphate buffer (pH 6.0) ¥ 5 £ 47:;% > 12 12-14 kDa 1% 47
NE 24 o K,f—i A F J& 2. activated mPEG, #- {5 #-# $~ (PEGylated-DLM) 4 i} 52 %% {2
(%73t -20 °C %4 ¢ ; (3) PEGylated DLM #* TA 2 % & : # PEGylated-DLM 12 2 TA 2 &
R {8 7 % 0.45 um cell strainer i& g {s 0 4 ik §c% 6 P ¥ # 1 d PEGylated-DLM 12 %

TA pleka ;%2 3 #5 B i PEG #1* ~DLM Re it 22 22 TA B & F

iaa VI
mPEG
TA-DLM
*o\/\}\ Activated mPEG PEGIyated DLM Nanomedicines
HiC N n OH a H,N—Protein DLM
N7 RN
l ;_)
cyanuric chloride HJC{D\/}D/J\NJ\CI HoG \/} )\ )\NH Protain A—>
Cl
Nl =N
CIJ\N&L'CI

Bz :PEGE ~-DLM Rz - @it nz2 &2 TARE&chF BiBH| -

24

-

doi:10.6342/NTU202403205



332FT-IR 2_ Wz 4 +5

S0 FE % DLM 2 B e - fR i g AF =0 x5 o F]pt @ % iF 2 3 3k = b B3k ik (Fourier-
transform infrared spectroscopy; FTIR) # 5% £_F i 47 i 0 DLM * 3 ¥ R ¢ = g en4 3[60] -
BRI ZA4eT 0 d 2 KBr £ FTIR &*° 2 € 3 @@ A £ RF T 0L ZRIZH > 2R
% & Rk A e KBr iz 1:50 (Wiw) st IR & o 2% 2 Sodiche™ ¢ B RIS 5 Transmittance > 4
¥ LB 5 400-4000 cm™ > scan =t #ic 3 45 =t o resolution 3 8 cm™ o B fs Mgk BB R = = X B
ZEAHZTEETL FTIR 3% -

~ = F % pe ¥ DLM, PEGylated-DLM = fitk & > ik Ripk A+ ¢ Sojciot L (R I

% 2|47 DLM th4 & i3 & £ 7 254 o
3.3.3 # K F MR T A 47

P OOBEAFELTE S L RN ES G L) TR B BT R A T R
(Dynamic light scattering; DLS) i& {7 £ ] o ffe s A~ 47384 £ L B4k &p ~» PBS @ % & 474k

Sl U SRS G RRIRT AR 0 d TR T P E R § i SRR R R R 0 B

g S BoehRdR 2 s > W E 2 % Stokes-Einstein 2 3N 17 4 #F B4 ek £ B /2 (Hydrodynamic

diameter)[11] -
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33A4TEM #pHEIL BZ 2 ¥ EH AN

R HHRBEAELOE SIS E > &R T H 5T 3 B4 (Transmission Electron
Microscopy; TEM) %% % + $* 4802 5 3|5 [61] - £ TEM hip g% > 7 11 B BAdin
PR ) LR - > S ERRTT - HBRFTH A BE LT R o

€% TEM e § 4o (1) $5k vt = ZK g 47 16 208 0.45 um i iR BBk
(2) 465~ 10 ULiB iR iF 2 ARRRAR R ¢ > 355 X 59 20 A 4BR A U E FIAF R L 0 BF AN
KT 2RI KA USEEEE ERSERBAT TR HS (F5 5 PFiEE s flare
P B EAF L BRET UL F P RED) () R BEFFasample Er £ 50 T

FIABFFEREY < HETEM -
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335TADLM 2 ¥ & H @£ &R

Bx A TA-DLM 7 o #4 chiefs < [ 10 2 AL f A 4715 A I 7 2 e @ aplos o

7
P
_|
>
O

-DLM 2 ¥ Efraf & & 3%l Bpicnic 4 22 0 2 TA-DLM 3 f &5 o734 ol
BHZE o A7 05mg/mL 22 1 mg/mL 7 TA-DLM % 3} #4732 PBS # » #3773 7%

Bt 12-14 kDa cmig i B9 5 i ¢ 2 37 °C ek T R RS T 0 B A W A1 0,3,

Vr

6,12, 18, 24, 30, 36, 48, 60, 72 B~ 'E4r f (1 PBS 2 (7 H B E R g BRI A 47 0 £ B = TA-
DLM %2 £ &3 #x § kAR PH B -

H kR R > 24" Folin-Ciocalteu = ;2 | » #&8]* i24-T @ % £ 2 M Folin-
Ciocalteu £2 2 g+ -k 2 1:10 = |z % = Folin-Ciocalteu 4 j% » 4% % #- 250 uL # 52 1 mL
Folin-Ciocalteu ;3 /R £ {6 £ F 5 248 5 A48 £ 4v » 1 mL 10% NaxCOs -ki3 7% » & &4
oo RERFERE A TEO MM 2B ERE o BB ELEF C R ERECA VT FoRSE PRIER

[62] -
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BASEA S # it ES T2 WA

%

<

341 BB A M APIHALT S0T 2 H B 2 5 0 iRere L

)

AR BT g 3] 7 # iz ez i (induced pluripotent stem cell; iPS) & 4 G 4% <
¥ 0iPS e 7 3 TR 4y B S PP % F T4k #0 58BAL & 4 % iPS Mmiz th12 2 1535 No.l
PLFPE R AR B IPS etk o A B AT A S e AW (B S LR E

47 70% 3 80% o AFPEF) » TE R GFMAF Y - it sl ds sy o

Czfam  ARsii 2178

i

H 7 AR AKO2N 2 %% 1 AKO2N 2 % i 2. & ;

R0
~=h
>
w

At~ 1084 224k B IRFHPFLBR I CRLBES R 2 £ T

N
—=\

-+ (Basic fibroblast growth factor; FGF2) ; # AKO2N & & ¢ eh B k&2 C i {imR &£ 15 » £ %

B,CRERS» ARY » NERAEAEREZENFEY L P FF* o HF R34 6 well

-

2. 5851AL jEsz % P B > PE P R AR > U EIT 2 mL 4 » EDTA S 1 241
v 4% EDTA # 1) - ¥ &34 4c » 200 uL 2. EDTA % Trypsin ;2 &% (1:1) > %~ %
HPREA 3 A3 A A Mn e RO ST R B me WA d o L EF
1o tHrl R F B4 » iz EDTA/Trypsin ;2 £ ;% {8 £ & 3 4c » 2 mL PBS ¥ i34
fmPe g o B R {54 iz PBS f6 £ F 34~ 1mL 2 AKO2N 2 %2 Y27632 ;2 &% (1000 : 1) -
* fi5h 4 B e Pipetting #-4 ¢ chimie ric A H - e s TRIEVRERY o AHMETRER
FROBEAZ R 28 > TE IR EE Y wme RIFRD - AT Y o I mie i E R
e Bk kA 1S > 11 AKO2N 22 Y27632 38 &% (1000 : 1) fie B #7am% Bt (w2 B A
1 x 10° cells/mL) o 45 % A &7 /moe f i @ 4o » g4 3V #ic x 2 ub 2 iMatrix-511 silk. % {4 12

F 3L 2mL 2 BEAE e » de e R RR B T3 & o 1535 N0.1 fmf RN 2 SN i 2 o
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3.4.2 %ﬁ ] ]74 3 Smﬂ A fu :}.H-T—gm)u? ? = ?’g—_}fg % = i\‘

BFIFmE A LR B - R F & LT matrigel § Btz m B IFE e 5 AR 10
mL 2 RPMI 1640 3% % %t - f7dpc g ¢ » L BH ¢ 400 uL ¥ 400 pL - matrigel matrix
ARLEE A RAYSE Y L AARE o F1IE T 500 pl e » 24 well e dF ¢ iR

7
e BRI 4°C BT B R B R H B PR A 1 3

’?S

- MeF = BrEE[63] -

¥ - FEEL S JEIPS dmre gra v 2 ok (Endoderm) @ k- matrigel % % 2 fo e 4 47 4
WS~ AT B o BFAed Stage 1 base 32 &% 1 485 mL RPMI 1640 # % % +1
mL B-27 supplement + 0.5 mL Penicillin-Streptomycin - 12 Stage 1 base 32 % ;% 5 A # L e &
Stage 1 Day 0 #2 % /& : 12.5 mL Stage 1 base medium + 125 pL Activin A + 1.25 uL CHIR99021
+12.5 L Y27632 ¢ @& * 21 3.4.1 &% & 2 % £ ;2 19 5] 585AL fmrr Btk 16 o L im e iR
TRz RIFRER LW BATT i R 101 800 rpm, 23 °C, ds 3448 o o B

{540 P~ F iR £ 4~ Stage 1 Day 0 # % % 14 fie & AT/ %e 5% (e B & ¢ 6 x 10° cells/mL)

o

#-matrigel % R 2. wre F R & 00 B0 > 3B 3% matrigel 22 RPMI 1640 2 £ % {8 5 B8
A 500 pb 2 BWAF A 2 e RRIFIR TV EFT R - FFERTRE R o 3 - R LG I X A
B R T2RBARPN Foodk - 997 ©

o FEEC R P TRk A 1Y 592 e (Hepatoblast) - § £ F e B Stage 2 base 3 & % : 38.4
mL Knockout DMEM + 10 mL KSR + 500 puL L-glutamin (200mM) + 500 uL MEM-NEAA + 100
uL 2-Mercaptoethnol + 250 pL Penicillin-Streptomycin + 500 pL DMSO ©» % = Ff L £ 5 T X e

PR B XTI BRRN FAck - T o

%

»

ZFFER R e o it L e (Hepatocytes) o ¥ Z R B E F o X s iR 0 &5
AT L HZBRRP FAok - 2 0 1535 No.1 e R i Fimre 2 - i &2 3k b
Wk o bk Al S M it A R Fmr 2 - R A S N2 = BIEERACE T A o
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iPS cell

Stage 1 Stage 2 Stage 3

Endoderm Hepatoblast Hepatocyte

W I iPStwmwesritasFimez - d 3t 2 2RR-

- gk 2 MASLD &% iPS M BREE A e - AR AL PREAR -

Stages Day Culture medium formula
12.5 mL Stage 1 base medium + 100 ng/mL Activin + 1 uM CHIR + 0.5 mM
Day 0
NaB(+/-)
Day 1 12.5 mL Stage 1 base medium + 100 ng/mL Activin + 1 uM CHIR

Stage 1 Day 2

12.5 mL Stage 1 base medium + 100 ng/mL Activin + 1 uM CHIR

Day 3 12.5 mL Stage 1 base medium + 100 ng/mL Activin + 1 uM CHIR
Day 4 12.5 mL Stage 1 base medium + 100 ng/mL Activin

Day 5 12.5 mL Stage 2 base medium + 10 ng/mL FGF2 + 20 ng/mL BMP4
Day 1 12.5 mL Stage 2 base medium + 10 ng/mL FGF2 + 20 ng/mL BMP4
Day 2 12.5 mL Stage 2 base medium + 10 ng/mL FGF2 + 20 ng/mL BMP4

Stage 2 Day 3

12.5 mL Stage 2 base medium + 10 ng/mL FGF2 + 20 ng/mL BMP4

Day 4 12.5 mL Stage 2 base medium + 10 ng/mL FGF2 + 20 ng/mL BMP4
Day 5 12.5 mL HCM + 20 ng/mL OsM + 20 ng/mL HGF
Stage 3 Day 2 12.5 mL HCM + 20 ng/mL OsM + 20 ng/mL HGF
9° pay4 12.5 mL HCM + 20 ng/mL OsM + 20 ng/mL HGF
® Stage 1 base medium: 48.5 mL RPMI 1640 medium + 1 mL B-27 supplement + 0.5 mL

Penicillin-Streptomycin

Activin: Activin A

CHIR: CHIR99021

NaB(+/-): Sodium butyrate

Stage 2 base medium: 38.4 mL Knockout DMEM + 10 mL KSR + 500 puL L-glutamin (200
mM) + 500 uL MEM-NEAA + 100 uL 2-Mercaptoethnol + 250 pL Penicillin-Streptomycin +
500 uL DMSO

FGF2: Basic fibroblast growth factor 2

BMP4: Bone Morphogenetic Protein 4

HCM: Hepatocyte Culture Medium

OsM: Oncostatin M

HGF: Hepatocyte Growth Factor

30
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3.5 + B4 {5 i 3 &

3514 B~ A X RIFme Rz %

PR RS BRI, @ 6-8 % 2 SD « B K-H 2k 2t 5% 2 & m (Isoflurane)
SRFAGE Y B F MBS FHEN R ZPRRG (VRLRL o RFRY 246 TR &
T #8536 ~ - 12 {7 Seglen »+ 1976 # B 4 ¢ two-step collagenase perfusion[64] - - % 3¢ =
DGEITRRN Gk R 3 A7 R R o B EAEY 0 L@ % 80 mL < Buffer A -+ 3%
AR chd Rk dl > £ i@ % 60 mL 7§ 66 mg collagenase 7 Buffer B i& {7 /it - Buffer A
Fr Buffer B ez & 4o
® Buffer A (16.013 g NaCl, 0.805 g KCI, 0.156 g NaH2PO4-2H20, 0.301 g NazHPO4-12H,0,

4.766 g HEPES, 0.012 g Phenol red, 0.353 g NaHCO3, 0.190 g EGTA, 0.901 g Glucose i3 **

2L ez =k @ TN NaOH 23 5 pH & & 7.2-7.4 2. )
® Buffer B (16.013 g NaCl, 0.805 g KClI, 0.156 g NaH2PO4:2H20, 0.301 g Na;HPO4:12H-0,

4.766 g HEPES, 0.012 g Phenol red, 0.353 g NaHCOg, i3 *t 2 L ez =x-k » # @& * 1 N h

NaOH 4 & pH & % 7.5) -

Ao A T e O Bre T D IR R S BRI BT ORRRS  BH R B
25 90mm e g r ¢ oo #%5e > ¢ 5 1% Penicillin-streptomycin en WE 32 % & @ o 2R (s >

®FfE] 7 T FT 7 e N R

g.?%h/,,\ﬁéz PR R SRR DL I SN T e ey
st

pipetting #-3+‘m% R %% R £355 o 2 (S L B Fme gL T emx 7 cm g & Y iE
I cE LA g S0mL chde g Y o EAFERF L B E T PPFRER S R RGO o B F
& % 100 pm e filter ik ¢ it fc B Bl 9 i re SR 2 ATRA § 50 ML shds F ¢ (97 4
# 3] 20-30 mL *Fmre iR /F g) 0 3 RGEE £ 2 WE medium 7 R T LER B

e ® 5 30-40 mL Fim e B gi/E F 5 0k o AP 3RF R 2 509, 4°C, 1L min ehif 2T - i

Tef & ehs § T RFRE T H - e o 3R PR ERFE 4o 30-40 ML h

31

doi:10.6342/NTU202403205



WE medium 2 g #3593 R &4 > £ 1 500,4°C, 1 min 0 2T 387 5 - SRS o & =
RS G T e (A BOOF e kg £ A W4 » 20 mL <5 WE medium (4 %25 B 50 mL
gt F ¢ ) B R B L KRS F I e BIFREE S - F (40mL) > #i2 {5 500, 4
°C,1min % = T o i % = I fpw =897 T s 3 mre Cell pellet £ 4c ~ 10 mL
1 WE medium (3* 50 mL shggs g ¢ ) £393 8 & > W F 83 E ¥ i fOFF T e g
% (Cell suspension) = B {s £ f1* Trypan blue 4 ¢ k35 w2 4 55 > ik & 71 % e

e T e T S0 8 90% 11 b -
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SRR SO LR - S E ]

36.1 S 1

H b3 F kit » 585AL it 4 4IPS im ez K, 1535 No.1 2LiFph 1275 % 5 B, iPS fme
FRATH E 2 A F im0l 2 & B N AR BT me 0 s &R ¢ 4~ b pé (Oleic acid; OA) it {7 =
BEB AL RE&d FES TR FHII65] 0 NI EE 2 N P o 1A T
Z BT o

L8PS mip hF H N Fmir 2 B R 5 AERRY A rE¥ER S 5mM 41 0A

dONR AL R RENRARY 0 FPL AR OA LM AkRERN ST AL

k

(Dimethyl sulfoxide; DMSO) » £ 1345 "7Z £ chE4r » 12 %Y - B A3 VPR3 £ 4% =1
E5A4xhmizier» 75 OAMERR > TSRS AN A TFGE{H L7 IHRE2E
ARTAFEFTR o AYWAEFZIFES 93 ~ % 11 A opFGRE1 R fliegd sl
WA B R Fme s £ ¢ 0 w12 5.0 x 10° cells/mL s & % R 1 & Y 24 well m
ez o i 4 PSR E R LT 1 mMMOA S WE B AR o BB 24 ) pag

R P RRARIBLIFTRELIBERIREREFFR > T AN ARLTRES 1 X % 3

SREUL N S IVE I TEE TR T
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3.6.2 & L IR FERK

L 8PS e R N T2 - R A Y > ARG X a1 OA S A AR
B ERLFI N AN EF I EAFIRIA X bR HRE NS il Fri
W oo A B A L fEdlE s 4] 2 (Culture medium + 5 mM OA) ~ ¥ % & (Culture
medium + 1 ug/mL TA) » DLM ‘& (Culture medium + 3 ug/mL DLM) ~ & % p %2 3} 4 =
(Culture medium + 0.1 pg/mL TA-DLM nanomedicines, Culture medium + 1 ug/mL TA-DLM
nanomedicines) - /£ BT X W RFEHK > F A 2 F 1 A UEE 3 A NI FRES
i adr e pteh g % 3 XA RBKREAF > €187 5 R (Paraformaldehyde; PFA) im®e H 2_it
BFmELELS A FT e

X R A (A Fimre mt%%\ - é_;_:@ﬂ = 1 QA ;?g;gg\ 7 AR 1S g Fg&;%‘.{ X 4y

F_k

*»EFBEFUEHAAFAR AL L 4 FRENE 2P EREYRFR A B 5 T
2~ 4] 2 (Culture medium + 1 mM OA) ~ & = 8 % A& % (Culture medium + 1 pg/mL TA,
Culture medium + 5 pg/mL TA) ~ & 2 TA-DLM 2 #} £ % % (Culture medium + 1 ug/mL TA-
DLM nanomedicines, Culture medium + 5 pg/mL TA-DLM nanomedicines) - % + i& {7 = % chw
RSk T a8 F L3IARBPIFREFLI AP QU FHRAIRBREAF > 2T
5 % 7 px (Paraformaldehyde; PFA) fmre B2 e (7§ k4§ A 47 o F i3 fa48 *t MASLD

Ak 2 g g Ao B A S o
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OA induced

iPSC Endoderm Hepatoblast Hepatocyte Fatty Hepatocyte End Date
| Stage 1 | Stage 2 Stage 3 1 1 |
| | | | 1
Day 0 Day 5 Day 10 Day 14 Day 19 Day 21
RPMI Knockout- HCM
Activin DMEM HGF
CHIR FGF2 OsM
NaB (+/-) BMP4
Supernatants
groups joined collection
William's E
Mature rat PS
hepatocytes FBS Fatty Hepatocyte
L OA | ]
| | 1
Day 0 Day 1 Day 4
OA induced

B = :48¢ MASLD 34
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3T R I RAEAPMBR D

3.7.1 fh A e B Rl

~#p13 * Quantic ChromTM urea assay kit (DIUR-100) # ip] iPS % # 2 "Fm% 11 2 % &
AR R R Bk AR o i % g 1R 2 4 Urea Standard (50 mg/dL) * Az kAR
50, 25, 12.5, 6.25, 3.125, 0 mg/dL %4 # =k B - % fe & Working reagent @ 12 1:1 2_ 1t iR

& Reagent A 12 2 Reagent B (96 well = 3¢ Z & 100 uL 2. Working reagent) o #-&# 512 2 2%

B &3 5l s~ 2.F 96 well 344 ¢ » & 4c ~ 100 pL Working reagent #2 4 ¥ £ & &
R

AREASREE AT EY 2B KT

c

~

T A B0 AdEe RAETT I A E NS KK
R RRI 430 M 2k ki o BRI SOk R S Rk I (07 blank Rk i) HiE 0 B A

Q,%?%ﬁ&&%@ih%Nmk&%ﬁ)@%ﬁ@ﬁ&%%%ﬁmﬂo

36

doi:10.6342/NTU202403205



372~ v Fv ARY LRI

EELAFRLI WG E A KwE L PFA Flait » §F n#mefifkE 4°C %8

F_k

THRBIFRAS R RBL CPFA AR AT F A me E g EiRd ko £ h 24
well fm?z 4 p = 3t 40~ 400 pb 2. 4% PFA. ¥ BT F Ji 10 ~ 41 > 2 f RN PFA (£ 4
> 400 uL 2. PBS ¥ % = e B Z_it o

TRABEN KRR 2T g ARE PBS-TIFL3H 0 PBS Y e R HER G 5%
2_ TritonX-100. # ¥ 1345 %77 & ch& e & Blocking buffer (950 pL PBS-T + 50 uL Donkey
serum) 12 % Antibody buffer (950 uL PBS-T + 50 uL Donkey serum + 2 uL Goat anti-Human
Albumin antibody) - 2 % Pz PBS {8 o & 344 ~ 400 pL Blocking buffer, ¥ & % 8 ® 7
FARBETEE 30 Ao mafsd “,!rt Blocking buffer, I 4% p & 3t 4c » 400 pL Antibody
buffer. & 4°C = % % kB T % overnight - ¥] 7 = » #3412 {7 500 pL PBS 7% =t >
£ % 4 » Dye solution (950 puL PBS-T + 50 uL Donkey serum + 1 uL Donkey anti-Goat IgG (H+L)
+ 1 puL Hoechst) i2i74 ¢ » £ A3 2B LBEHTEE 1 ) FF o Bifspmitieis 500 pL
PBS % & s » &34 » 1 mL PBS & %% JI* ¥ kB ficdt ik iR - Hoechst 12 #-lwm %2 1%
2 ¢ » ¥ 1% DAPI filter cube g% - Donkey anti-Goat 19G (H+L) #_- #& Alexa Fluor 488 %

A T LB N e Fev 2F > ¥ ouk GFP filter cube L% o
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3.7.3 AdipoRed % p 73 F 2 & A 15

kF7 5 4% AdipoRed i##lie— # 2 s p ey 7 £ > AdipodRed g ¢ 22 e
R FAZFRF R FIP T URRmEEN BRIV REF R L we P T
[67] - & Lit-imre i p 2 &2 Gl A JUp 4~ ImLPBS Ek- i8> £ 4 » 1 mL PBS
% 30 puL 2. AdipoRed A& > T F IR T EF 1044 c mFNURF A RT K BN e
FRRSL AR EY AR o Bk s ke RHE ORI ¥ kss & (Excitation: 485 nm, emission:

572 nm) o & {5 EBcIp L PF € ¥ Control e Sk B 175 100% » £ H AR 5k et f £ 2 '

LR f}{fi@_ﬁ WL e
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374 F@% & g5 (LDH) 7 -4 7l

F'E " & f= (Lactate Dehydrogenase, LDH) & - f& % it B s > & 3 B @ prpfeit
2P IR o AR A e R F L e § % LDH TR o d S H AR
T LDH & AR A * 3% ol e L3 RIS R A b R [68] o A &k
* Lactate dehydrogenase activity assay Kit &7 LDH /&% > iR > 3840 @ g L)% i@ * g
fzaf;fﬁ& i #- NADH Standard (1.25 mM) * LDH assay buffer ## = 0, 2.5, 5, 7.5, 10, 12.5
nmole/well % &% 20k B o 3 F P 34 50 ub B4R 8 2 2 Fplik &5 2.4 96 well # - ¥

‘b2 & e ¥ Master Reaction Mix: # 3¢ % & 48 uL LDH Assay Buffer + 2 uL LDH Substrate Mix.

fdF ) AU pipetting LA R £ 18 o R F ARAMEE d 06 well ¢ BT A Y A 3 Ao
A TFT AN BB AN ek R ERI A 450 nm 2wk E e
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3.75DNA z & %Rl

RPN BT hlmte o o Tt € $ieie 3217 DNA 7 2R o MR
# * DNA Quantity Kit (PMC-AKO06-COS) # |+ &4~ i % 31 37F w5 m?z 45 ¥ 2. DNA 7 £ o
WSk B LY ¢ 7 = 8% % ¢ Color Development Regent, Dilution Buffer f= DNA %% 5. (100
pg/mL) - 7 £ @ * DNA Quantity Kit ¢ 7 DNA %% s-{fedg -k @ # 50, 25, 12.5 = 0 pg/mL
1 DNA 1538 573 7% o & B~ 50 uL v DNA 7% /% 4= 1 mL Dilution Buffer ;& & {5 > £ 4 » 50 pL
Color Development Regent i& 7 4% § sk ok Rt g pl§FkEE 2T R -
BE R EP e E 2 2 &R D 4o r 500 ul 1 PBS ik mre i A G o 4w 4y PBS 4 o
4v » 500 pL ~ Dilution Buffer ¥ :& 742§ & & F & oz 2L 2§22 ) DNA £ Dilution Buffer
R E o e di Y B B0 pb wfe DNA %%t » 22 50 uL Color Development Regent & <r #

I Ak BE R EE > L5k E AT 52 DNA EAE[69] -
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3.7.6 Interleukin 6 (IL-6) % 3. & & il

e P[# * Rat IL-6 ELISA Kit (ERA31IRB) 27 o § 5 = 2 4™ @ g A RARE B R 5
PIE TR A E YRR TR o YRR AE Y ok st o R R 2 0 E 5L 100
pL =88 4% 4c ~ IL-6 Antibody Coated 96 - % ¥ #-d Bty is & » 2R T# % 25 ]
BE¥L *‘f T 51 % R & 0 4e o~ wash buffer (300 pL/well) it w =t f8 > #gt g Fipd
FE 4N &A% T 5 5 4o~ biotin conjugate (100 pl/well) » >t BT HE 1 [P £F 2 Gi
biotin conjugate - 4c » wash buffer (300 pL/well) ez =t {8 » B3t & LA ¢ dpdmre i p

& AT % 5 4o~ Streptavidin-HRP (100 pL/well) » >t % B T # % 45 o4 5 B ¥ 3 %

=f

Streptavidin-HRP » 4c ~ wash buffer (300 pL/well) Giew = {8 » B3t dFfr A F 3 ik
N&EARYT 3 5 4o~ TMB substrate (100 pl/well) » 3~ % B T4 % 30 ~ 45 5 3 F 4 » stop
solution (100 puL/well) » >+ B *# % 30 45 > v @& * ELISAreader £ p|H & 450 nm 2

k@ [70] -
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3.7.7 % 39 (Aloumin) % & %l

0 WRPIE B2 TA-DLM 2 o 45 40 " imbe 34 5 L en 55 Tt 0§ o e 13
% {6 #0 B~ b ik 2 7 Rat Albumin ELISA 4 45 o 6 F-d & - fEF5A i ehzf 4] dev o 7% &
AR SR 0 FN G R K Y ST RS RS A o AR5 Rat Albumin ELISA
Kit (E111-125) i& #[71] -

P AT AR RS T AERRE N FE TR SRR A
sRde 3 R o BRI U 2 R & v E 5 100 pb 988 4% 4 »~ albumin antibody coated 96 3t 4 ¢ k-
UM B RS E N FRETEYE L RFE f%ﬂ}wu % $% & » 4~ wash buffer (300
uliwell) ke S f8 > B3t G g W P pd mikE P B3R T3 5 4v > anti-Aloumin
detection antibody (100 uL/well) > >+ 3 B T # % 1 | pF  EF 3 % anti-Albumin detection
antibody > 4¢ » wash buffer (300 pL/well) 7w =t {5 > #34 & LA i me R4 P B3R
¥ 7 5 4 > HRP Solution A (100 pL/well) » %8 ™ # % 45 4~ 4 ; # ¥ 4 ' HRP Solution A »
4v ~ wash buffer (300 pL/well) Fiew =t {5 > B3V LA P g p B3R T F 5 4o r
TMB substrate (100 puL/well) » >tz 8 *# % 30 & 45 ; # % 4 » stop solution (100 pL/well) >

HEETEY 304480 T 7 6 ELISAreader £ B/ H & 450 nm 2wk k@ o

3 m
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3.8/ HEP R %

B * iPS dmie i H2 im e L 2 % B 2 RO e i (7 A 0 % ke TA-DLM
34 #4430 MASLD 88 H 03] PR 18 0 J ¥ - 58 (7 MASLD 8P i3] e 2 210 o
P F%F AL E P en: F LA TA-DLM 3 3 24 & MASLD #p 4 endc 2B R >
ERBERGERER T 2 TA DLM v TA-DLM % 3 % 3 443 MASLD #8 *H 3] a5 % £

BH o TP AT G A AR A BN S BT R e

3.8.1 /) RAGP 7 A0 TE iR Bk AR

H 45702 TA-DLM % A 4 & MASLD # P $30chd iRk B > 277 K30
RS ARRE S B kR 0 TA-DLM % F 4 4> MASLD #p 83 58 o A38%
$#* C57BL/6JNarl -] & > #H 414 {6 2 3 3 % {412 200 pg/mouse =1k & v 30G etreg £ T
Atz A% (Streptozotocing STZ) -] KAEpM o F|7 /] & 4 T #5185 > Bhodka 7 5
60% Kcal s gk 5 4 & fie > enF Py a4k (High fat diet; HFD)[72] » & %5 va4pdl &7 — 449
Alepd At dodod - 4G 43 (B#) {6 > BApiB (7 4 eninffy > T30 12 F iRt o
B4 FSRARR Y o § 13597 chk B % TA-DLM 2 5k #4350 PBS ¢ » £ i oox
2 %+ (Intraperitoneal injection; IP) 7= %71 8+ 300 uL 2. TA-DLM % X 243 %> LR
B HFEE - > RAM 4 o AT EBRLE € RPREAFAER 0 A WA 025,05, 0.75,
1mg/mL 2 TA-DLM z ¥ #4537 4 s h 2R B h e 0 €70 12 T HPFEFSHEL
fosFaRe sy B oo CRTRE B A 0 A2 8T a @R 0 2 15 § & 4000 rpm, 20 °C
T 20 A4 Bodin iRt 20 °C BB T 0 2 B I ML U PTG
AT AT P 5 0 X P A Omp il 5 i (Aspartate Transaminase; AST) ~ [ P=fid e ik
& # f= (Alanine Transaminase; ALT) ~ B % & "5 3-v (High-Density Lipoprotein; HDL) ~ % %

A& P5 3¢ (Low-Density Lipoprotein; LDL) ~ % *4£ %% (Total Cholesterol; CHO) 2 2 = pi+ 4
43
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fin (Triglycerides; TG) o B~ d13 5818 » =€ {5 %133t 3.7% 455 +f (37% Formaldehyde -

PBS 11 19 et piR &) P » 2 {53 454 3G

15 o Bl= 5 ] BUHEP P AR TR SR T AR o

N\

=

# i& {7 H&E 4r Picro-Sirius Red % 4 4

2 - BAPAZRAEE SIS L o
Chow diet (MFG) High fat diet (D12492)
Product
Proteins (%) 25.7 26
Carbonhydrate (%) 60.7 26
Fat (%) 13.6 35
Total 3.57 kcallg 5.24 kcallg
4 Breast feed HFD
o — -.— — e
CS7BbLétr3': mice STZinjection (N=4) TADLM
Nanomedicines
(N=4,5)
L L l | L
I 1 1 1 |
0 week 2 Days 4 weeks 8 weeks 12 weeks

m_"

44
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3.8.2 /] RHP g AR A dRBk AR

£F 50 f2 TA DLM - TA-DLM 2 K &4 43 MASLD #8 ¢t ficdl e £ B 4 0 &
FAE R0 - 98 A RS AR R E B Mg TR T 2 TA-DLM 2 F #F4 $0
MASLD %8 p $ic3] e 58 o A3gB 4k * CS57BL/6NCrl -] & » 2 H 10 G #FR 445 7 3
60% Kcal st g8 5 2 & fie = eng g 4042 (High fat diet; HFD) 2 2 4% % pE4c-K > B %1%
SRl - Al AL R A Aok 2 0T o Ak 16 318 (24 1 E) B AniE 7 4 Weriap[73] o

AISRARA Y F Z ik e > Aui TA DLM 22 TADLM 2 + 4 ww) » ¢ 49
Wit gk A% TA DLM 2 TA-DLM % % # 4 3 » PBS ¢ » & 17 %L ¥ii bt
(Intraperitoneal injection; IP) &1 3% ;3 &4 300 pL >t BLRE P » 455 5 & iF/1 8- X > £ 715404
FoF 2FERF- A FHEL 0 BRS¢ & 4000 rpm, 20 °C ig T Frew 20 44w 0 B )
£ i3 20°C R T 2 BEI PRI FEEF R LA AFHR G
HDL, LDL, CHO, TG - 4 ik ehip A2 A S & 15 €30 30 tF#PFiE (7 0 5 b foiFog i s >
oo BRER L B {8 0 A 4000 rpm, 20 °C enig i T A 20 A48 0 Bl '}ﬁ“iﬁrﬁ%? -20 °C %
BT 2B ARF 2P FELFA A4 A998 8 5 AST, ALT, HDL, LDL,

CHO, TG o B~ disugts » f2=E (6 7 = + 97 E " 3.7% 455 tf (37% Formaldehyde - PBS

IIpAPEG U2 77 B es of @ B rrqlie 7 H&E - Picro-Sirius Red % ¢ 4 47 < &l ~

Ao BURE N P R0 FHCA O RSk AR o

45

doi:10.6342/NTU202403205



[ ]
g Chow diet - !

C57BL/6N mice control

. (N=6)

HOCH; OH o
m % ° HO7‘ Tannic acid
e ® + CH,OH (N=7)
OH

HFD Fructose /[4 oD,
= — —
L 204

Nanomedicines

(N=7)
— i i" —
HOCH, OH H:C{ \/ﬂ;OAN)\NHv—Pmmin
0
im w DLM
+ : N=7
e N CH,O0H ( )
HFD Fructose ! !
Negative control
(N=86)
L 1 I
| | |
0 week 16 weeks 20 weeks

DRSERE-F TS < ER-E38: 3
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BOMP R %40 MBI E
39182447

VA 4 HBFER T BB Rtk & KRR B R B B ] ROFRES A chE i B9 &
¥ LR T AST 4o ALT - AST fr ALT $o ¢ sg ¥R €3 4cm 2 F » v ALT »+ AST
LalFE o - BT RE o ALT AR angic v g A i iaid s 10 8 d 3FRv gl pt (£ 2
Wgaph) & 0% B0 TR [T4] o % fRRIETRIS L & J fp RO AST ALT dcig vt > 2
14 % {7 TG, HDL, LDL, CHO s if 2 f* A 74k B » &8t S ehd 7 1L p 2 955
Renp pitdedete o @R F)Z 0T B A 5 oy AP R NP iR T 0 65 8

% 0 TG, LDL, CHO 4 7 » Ir P& i< HDL sz & ¢ i & P& B 9750 B [75] &4 3% i

ToR AR R ] Ef'%#’* g @ B e R SBRER L B Bl R R A o MR
‘H},%-&r"f B RS A RFEAAR ,,gué;%?"'rs,«%j ) Z ke ) BpR

Fri i 2 & A e T AN SN o AR e p KRR R o S BRER L
FrAcT L fogkar o] B 0 L 5% isoflurane & 17 F 0 *F FRE R R E S U 27C 4hEp
folmL #F 5 Bt egim 051 0.7mle e pfiais Lri il 2ag
Bl 2 MR R {5 0 £ 4000 rpm, 20 °C enif 2 T g 20 A4 B0 F Rt 20 °C B
Tz SER ML KT NP RELFA A A5 P 5 AST, ALT, HDL, LDL,

CHO, TG (ks £ 7 £RI 2 HDL, LDL, CHO, TG & £ £ RI5 7 ) -
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3.92 I B § ¢

| REPFHEET (4 fEE (55 T 2 LFE 4 3.7% 455 tk (37% Formaldehyde - PBS
L9 et R E) Y 0 xe 243 A8 ) PEISEAS L PBS ? > T4 C BT i o F X
IR PG A PR Rl fod ok @ o qlie 7 H&E {- Picro-Sirius Red % ¢ 4 45 -

¥ oh g 44t H&E & *44*7 A REBEHF S pEE 0 L EE R Y 2 20002000
F 180 % 3] Image) $rAE Y B 8-bit ch2 0 Bl HFLEHFF oo Foanth o e
BoiEk 2 s 57% 0 BEFIE ke o i "f r2 4000000 % 3k 100% ¥ (F3|F
s

S fEF A o FeF ¥ 100% detk 18 T E F DLk 04 GG fEE A
3.93 5] = kg ¥ fin 5 £ R

* ¥ Bl#& * Triglyceride Quantification Colorimetric Assay Kit (ab65336) i& {7 [76] - B
HPFREE-T S o fRE (5T 100 Mg RFE R ENRAEE P A e o BF L LS g
EH A 0 40~ 1 mL 5% Triton X-100 5k i3 i 5 % 80 °C ¥ Ii-k4e# 5 A48 PR 5 ¢
ERRRMKRFEEIZRE ) EARRNBRIT I EE - X o &F & 4°C Fki T 12 10000
Gagw 10 A4 M2 BARKIBFT - RFCFLUAHBES FLRE 50 Il
Triglyceride Standard + 50 pL Triglyceride Assay Buffer » iz 4 ¥ 1235 = 0.5 mM 1 Triglyceride
Standard - # 96 3t 47 ¢ & 3L 4 w4~ 0, 8, 16, 24, 32, 40 pL =0 0.5 mM = Triglyceride
Standard » £ & 34 ) 4 ~ 60, 52, 44, 36, 28, 20 uL = Triglyceride Assay Buffer » iz ¥ 11 %]
i£410,1,2,3,4,5nmol/ well 7 = e+ i fig B8 5 o fite » 60 pL ik St H 9 5L 18 » Ak
FUp 4o r BuL o Lipase  frfRE S 2 R ER AR 0 AZIE TWRE K40 AdE o BHFUAR
reaction mix : 30 puL Triglyceride Assay Buffer + 8 uL Triglyceride Probe + 2 puL Triglyceride

Enzyme Mix » »*& 34 A 4e »~ 40 uL #hreaction mix 18 » i ¥ €] H £ 590 nm 2% sk @ o
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3,10 32t 5 % A 45 2

F_k

B PRHREFRY C RAHRERGE M THE L RELILT c GRS EFHRELFT
cPBE MR A & fe ¥ 7 Rt 2 (Student's t-test) » #c48 @ * Microsoft Excel 2017 ;

FUR S B2

=3
;,Vlggp
R

f

eBE F P ER B TS % 2 #5447 (one-way analysis of variance, one-

way ANOVA) » 1L g ® § w2 B endg ¥ 405 » L @ * Tukey 0% 54 %_ (Post-hoc) 4 47 » i&

- KB Fesre BaRgFE o oA * jamovi2.3.24 - P £<0.05 4 & F BEFHLAL R o
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Fri RAEEE
4.1 %. 5% MRS T (DLM) 2 %1 &

l{"’_Iﬁaé\ E’—fﬂ;ﬂi‘“ v BN 5 B:r—sg{nﬁ‘gmsfe L m"? >R »’é, ,fg_—% P ﬁqw—)s-gji;)g, S R
FEEE -~ FAER S PR "'E%%»T;H AR o AFE T H* Jaramillo & A 97 * g% mre L 5F
G E S A [77] P RR L SD A B2 A L g2 s ¥ % PBS, Triton X-100

74 %, SDS ;3 /% it {7 3% DLM (rDLM) 12 2 755+ DLM (pDLM) 2 ¥ -

4.1.1 + 85%% DLM (rDLM) 2_ #] f¢

< HB e RS R Ao T B4 TR L R A& PBS Eiite > WEREHRKE F A d R
dOiRBE G X ARG 0 R IR A AR RAR TR R GREAT o BT RITRROUZ B TLENS T
30cmdish > & ## ik T 4% 5 1% Triton X-100 » Triton X-100 ¥ 14 #&-‘m#e wopk 3% 11 i
T ¢ dmre it ECM 1 enp e0[78] 5 3% { #0185 0.1%, 0.2%, 0.5% SDS /% /% ; SDS 'F
TF LR e i ECM b o 4 T e e s Z BB HEIRE A S s B E[79] 0 @
DLM S { % 4 d BB7 0 > &5 Triton X-100 2 2 SDS g i f& » "5 i ¥ 38

ARG S > T IR R & LRGP R e (TR

1% Triton X-100 0.1% SDS 0.2% SDS 0.5% SDS

Fli:<BDLME& =% o
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4.1.2 #%%DLM (pDLM) 2_ %] {¢ 7 &5~

S imee (X R e SR LT g PGB PBS iRie Rk 0 BOTRBE I AR
Fid R G R o #&%ﬁﬁ:&-ﬁﬁ_f%i#x% %% 1% Triton X-100 7% » d »% Triton X-100 7 ¥

B e Wenzt Ry o FIME T R O e F 28 ende e pUHk U E TR dm e b eni® R [78]

-

FoLg It A b g ARARITAN e d B Pk > LT P e BRI S o R M-le Bk
% 0.1%, 0.2%, 0.5% 71 SDS 3% > SDS § F#-dv Fw s Z B Ed - hdH
hE iy o FI T ORED R AR E S Mg R 28 - S WP H A B
F A TR fR[79] o Bt ® * = =oK% AR eh Triton X-100, SDS i3 %3 0 A ki s T E
2 5] pDLM 2 4 o
d 3 F PG R e (R ARAT R 2 M VAT 6 G R A T R IS
FUEFZNER (3 23 0ERFHY ) FPFRE- AWt hIe &8 Fd P2 fild

BB ehie* T > pDLM g 304 3 f230 5 7% ¢ ’t“%?‘]“,fﬂi%ﬁ%’fﬁ% Tl #pirgicts e

@ ] %4 it #5 h pDLM o

Slice porcine liver Cut into smaller PBS 1% triton SDS DI lyophilization extraction
into pieces size water

WL DLM ®l 4§ %
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4.1.3rDLM 122 pDLM DNA 3 € # 7|

@ﬁ**@”%ulﬁﬁﬁ%ﬁ%@%“@ﬂﬁ’ﬁwﬁw%ﬁﬁ%ﬁﬁwwﬁﬁmu

2 DLM #5217 DNA 5 447 AEniin®  chdi o4 2 F o [l - 5 4 BUWFHE

1 el
4
%

DLM # &7 DNA 2 £+t » & F A& B A7 7.55+0.01, 0.73 £ 0.01 pg/mL 7 DNA 2 £ >
FOUELE D] IDLM h % 2R F ) 0 A BT S P E ¢ A 3L dim e Ak A FT L 2
DLM @ %= j% #ri2 3 [80] - B = & 7 & "% 522 pDLM # & nﬂWA“ﬂwm’ﬁﬁA
w4 27.98+0.12,0.7 £ 0.01 pg/mL <7 DNA 7 € » ¥ 1R % 3| pDLM chis % 24 ¥ |

il

-. prergit
9{% B 4B

o P 4 IR ehime 4k AT 3 2. DLM # 1 # eri£ 3 [81] o

—H
PAN
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10

6 -
4 -
2 -
skkk
o N

rat liver rat DLM solution

W +- < B2 {DLMDNA 2 £ %% -
(***p < 0.001, significant differences vs. rat liver respectively).

DNA concentration (pg/mL)

40

(75}
(=]
1

DNA concentration (pg/mL)
s S

kK%
I 2

porcine liver porcine DLM solution
W L= e e pDLMDNA Z £%% -
(***p < 0.001, significant differences vs. porcine liver respectively).
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42z K EP2 p XS %
A21FT-IRW#A R - B4 5%

7 FER MPEG E.F 3 2R 2453 DLM 1 > Fpt 4% FT-IR &4 %2R 7 DLM & &
L& i3 A 15 50 MPEG-DLM R &e 2 a F 2 B chis X fe R L B 12 - R+ 2 ehig %@ @

A A 1

Bt B TR EORAR i ehi % 0 %7 & 1186-1089.6 cmt s P

~ml

MPEG-DLM % 5% 37 $ig ok e > @ A R L B § C-O Bégehi sE3Rds 2 T o o 2%
Bo @Y 4 ¥ 5 C-0HaAm[82] > Fp T MiEu% % L DLM 4 mPEG i & &
P o

70

60

—mPEG-pDLM
DLM

tn
(=]
L

I~
=

Percent transmission (%)
= & :
_

10 4

4000 3600 3200 2800 2400 2000 1600 1200 800 400
Wave number (cm!)

® += : mPEG-DLM 112 DLM 2. FT-IR #&Bl% % -
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4.2.2 DLS #124 +5

00 RE BRRoRY BB Kk 4 0 Fp I o AP T RE BRI Z
DLM % [ 73 f3* PBS § » TR #cfds im/ié)ia%ﬁo B A T = RN e £l e B
EE AR e A5 0§ 25 mg/mL hH &AL A w22 0.05 mg/mL, 0.1 mg/mL 12 % 0.2 mg/mL
7 DLM R & pr > ¥ 0 17 3] 226.13 £ 10.54, 259.56 * 28.36 f= 266.9 £ 6.82 nm > jT ;@ F 5
mg/mL =¥ % &4 w22 0.05 mg/mL, 0.1 mg/mL 2 2 0.2 mg/mL ¢ DLM ;& & pF > ¥ 12 18 3
234.93 £ 2.65, 277.03 £ 23.15 4 326.2 £ 2.3 nm < ; @ 5 10 mg/mL ¥ %Ak A W g2 0.05
mg/mL, 0.1 mg/mL 12 %2 0.2 mg/mL < DLM /& & pF > ¥ 2 {8 3] 313.2 + 1.31, 364.06 + 6.2 {v
384.33 £ 11.95 nm e jT o JEZZRE Y FUBREI 2 AT F DM A FE 2ROk R K
o e & B A2 PFE N R T~ o [83] - TR RM D FRER G FAL RN

g 4 ks 2 NCEEFREAR B HUTNTE B Kk ] o

500
02.5 mg/mL TA
5 mg/mL TA
400 - 10 mg/mL TA I
’é\ I & Kk
8., = o
d) 300 Hkok
ﬁ s sk HAE
-
.2 200 -
—
L
o]
a1
100 A
0 T T
0.05 0.1 0.2

Concentration of DLM (mg/mL)
WLz 2k ERrEBREMUE DLM 1R B02 K IR RIT 4 0] o
(**p <0.01, ***p < 0.001, significant differences vs. 10 mg/mL TA respectively).
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423 TEM % TA-DLM % ¥ £+ A &

L1i- BN TADLM 2 ¥ 5302 5} £ 3142 DLS % A A4 BHh2 1
HoFSEHET T A DLS B %P pjmE kR en R M¥ER G 25 mg/mL o TA 112

0.05 mg/mL 2. DLM i 5 4p 4 TEM 2 kA - = % 4B~ 7 #77 © d B¢ ¥ L ERT TA-

>

DLM i ‘} ég‘;}'ﬂﬂ'][“ 44 DLS J—att:1 HTELE?EI mzoo 250 nm -»/__J;n_’ /‘ y K'f LL7 51
FOKER R UPIARAER T - WP R K F R PSSR 7 30 SRR 8] F AR LR

S G FABRE A et T S P R B RRA L AT 2 I i

200 nm

W7 MTEM##ETADLM 3 £ FH 2 S 58 -

56

doi:10.6342/NTU202403205



424 TA-DLM z # EHahH B R E %y |

xR A4 TA-DLM 2 X E4 oo < ] RIE 2 A BREE - AP S 18- 2
TA-DLM 2% st #5 B 2cH $ i 4 > U EF P T ARARRIRS uEr - FPL i ¥
L)% 335 &= 25 TADLM 2 K EH 2Rl 47 b FBE cH i 4 o

B-+- 505122 1mg/mLTA-DLM % %t &4 cn¥ Bpaficd &> 7 BRI S kR

N

B BRERF EREFT G 2 bR o AR Y VT URRIIA L = B
& 0-18 | Fr2 B TA-DLM % f 4 cnff2cid & § % » 7 A 18-48 /| pr2 A f2cid & ¢ 4
W3 o @ B0 48-72 o] PRI g &~ T o8 o R MeP-2 T iF F2Y DLM ehp 2R
RiE R BAGRTE ¢ o DLM AR N ch'E fRREE 5 18-48 | PR RP[84] 0 F § bR
W DLM A% R (s o Ho o P € % S B R Rl 4 R e H R o Bl S Rk
B2 TA-DLM 2% # &4 T 58 ek 8355 4 0.252 mg/mL 12 2 0.498 mg/mL > 3P & TA-
DLM 2 F 4 ¥ & %3 ¥ 504% 1 2 49.8% th¥ $pi- & o 3P AFFH REH TA-DLM 3
FEF R ERPN o 0 TADLMNms $[#8p} % 3 X p & #2320 % 50% TA-DLM Nms € #

A o
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Tannic acid concentration (mg/mL)

b
o

=)
n
1

——0.5 mg/mL TD-Nms
—o—1 mg/mL TD-Nms

<
=
L

<
w
)

et
o
.

<
=
.

o
&

0 3 6 12 18 24 30 36 48 60
Time (hr)

W+ :TA-DLM % ¥ ¥4 TA e & -
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43 TA-DLM 2 3k ¥ % $t iPS tms 3 & 2 % im 5% s 55

43.1iPS wm e 3 W2 "Fmre 4 LA LBER

NP EEFERPS wie g Fmre b K24 EARL o 8% 342 &2 3 % iPS
dme A Fme > e FAIT 361 a2 pd s RS RR 3.6.2 & hpEARde ~ T %

PEBTREPEKES G AT c A 2 FRESNE 1 X002 % 3 X A5 AXio VertAl

—\)‘5}

L g
4 LRk B 447 iPS dwe (585AL) FH 2 iFm AL R o KRS - kY T RS

-‘H

i R T AT e 2 4 £ R o

FERADNFZHFES L AFEEHREMETE B uERE S & fhwe k- (B -
B) - dp ot A irdlie » HepP s e uiog FRernmie 2 LA 4 4 TA DLM 122
TA-DLM 2 5} E4 e w|av 1Ry WAl e R A > WP AW RO ET e
R I m i < Il % o B PE L E n e g B3 4F A IR[65] o 2R A Ap Ot A fE iR e o
% E_TA DLM 12 2 TA-DLM % 3 #d e ulioi GFRA & ffchme 4 £ > £ 73 €7 &
iz = i) (B - C, D, E, F) > 3Rlw inf enl g Fhrfli s 78 = chimie
v o

BFL R F 2 iPS twoe (1535 Nol) 2 "Fme LR % o Bl ~ g % ¢

FHURRIGHEINF AT 11 X FREHREPECE L BN E R ff i

(B~ B)» ¥ eherig i A 870 iPS fwie g $2 "Flmie fpt > IR PR F {6 i
e S o APEOTIEMIEd e > ARG B e 5t FRdF w4 £ AR & TA DLM 2
5 TA-DLM % 3k %4l w37 g PR B 3 b tm s WOR cniff 2 > S0P i e enis
T lmre BRI e 8 & I g o e BES B e g A end TR o AR e AR RO Al e
%% E_TA,DLM 12 2 TA-DLM % 3t #F4 wudoi G+ o ffcmed £ > 273 3 + 6
Fhiamre 7= A JEPle s e FReAlM RS LT S e 2 2 50 4 o

L A 46 PS fnte ot 2 AR T U A ;F'k B s R FaL B4 A3 Negative 20 &
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OA # i » 1535 No.L ¢ § L Bt chim® b= < fu il it R ALk %“F\ Fak
ST SR R 4 LR Sl VR L Rl S &ﬁ;ﬁ'*‘;‘{i"’ Gl
X 474039 F b (UPR) 2 i 8k § & MASLD ie B 27 BI75Y i 404 Ik
dod A e UPR AR IE KRR AERE o RISN TR ik 4 F B § 518 750 pi
B LF 5~ % § ARFfrime = > b igat g MASLD éifik o Bt L2 iPS i

A (2 VEimRe ¢ R B HHE 5 vy ppi A 4 N TR 4 [85] 0 R { fhchime B o

: 585A1 iPS sm%e thif W2 Fwre MASLD ##F #°3)2 4 & §35 -

W=
A SZPFES 1L X U FiEdy g2 Wmie
B. %=k % 11X Sl pd tg, ur ¥ e iz "Wae
C. %=FFfE % 113 gl pd 1o 4o r Lug/mL TA 1 & 2 9 im %
D. ®ZFE% 112 SBHpd s 4o r 3ug/mLDLM £ % 2 3% m%e
E. ®ZpEB® 11 % B ped 0 4or 0.1 pug/mL TA-DLM % 3 4 % 2 iz
Foo o ®Zpb s 11 % B e d 15 > 4o » 1ug/mL TA-DLM % 3 432 % 2 9w
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4.3.2iPS jm¥% 3# ¥ 2 w2 LDH & {4k R

xS HAEARRE > BFAPSFET TADLM 2 f 5 L7 i i mee 2 5= o
REM A Kend fE o F LR 342 $2 2 2 #iPS e if A smee > BF ] 361
GRZ 2B L R SRME 362 HomEai ~ AL RT RS A LS adT

sh

Bt r FHEGOE LI UEF 3 A BRI b e 7 LDH E kR A 1 o
Bl 4 % 585AL1IPS mm® #1if W2 MFimrz cnis % | As R F - T AR o T MR

Control ¥2 Negative % %] 4 %] % 387 110.83 £ 18.19, 139.67 + 11.46 milliunits/mL  LDH =+

-

B J‘z—g- &k Negative % 4p >t Control 23 % LDH &%+ 2 £ o @ e 27 % 2w
(TA, DLM, 0.1 pg/mL TA-DLM Nms, 1 pg/mL TA-DLM Nms) P4 & £ 357 134.26 + 17.46,
133.61 + 5.27, 125.07 + 15.84, 118.05 * 8.62 milliunits/mL &+ LDH &+ » % FE=) E L

Negative %% st » & 1 pg/mL TA-DLM Nms ‘=% B| £ Negative %] § FHF L B o

[

Biok H = XA > U ZRT] Control ¥ Negative &%) 4 % £ 307 112.57 + 32.51,
126.71 £ 13.15 milliunits/mL 7 LDH /#+ » ¥ 2% 3] Negative 25 @4F i3 cnd o @ &
g e ? (TA, DLM, 0.1 ug/mL TA-DLM Nms, 1 pg/mL TA-DLM Nms) R & %] % 357
108.02 + 2.47, 130.24 + 11.39, 122.77 + 10.08, 104.28 + 3.35 milliunits/mL 7 LDH &+ » “,f K
TA, 0.1 pg/mL TA-DLM Nms f= 1 pg/mL TA-DLM Nms ‘e 4>+ Negative ‘e %k et > A
TA 4= 1 pg/mL TA-DLM Nms ‘= =] B| 22 Negative 2% F ¥R F LR o d F bR &7 ILHP ¢
i 585AL iPS mPe #1734 H 2 " Fime gl b MASLD #73)¢ > #F kR TA 32 TA-DLM
Nms 353 ¥ "% <8 fd #7i¢ = chlmbe 3 [Lamck o
Bl -+ % 1535 No.1 iPS im¥e #r2f #2 " imie o % | Ajsm % - X hL ¥ » ¥ U
27| Control #2 Negative & %] 4 & & 37 104.89 + 17.52, 127.72 + 21.86 milliunits/mL =» LDH
&4 7 g 3R Negative % 4p 43t Control 23 % LDH ¥+ 2 £ > Aa iﬁ A
BMEMAIR of ar 29 % 2w (TA, DLM, 0.1 pg/mL TA-DLM Nms, 1 pg/mL TA-DLM

Nms) p|» & 4 387 91.25 + 3.07, 106.2 + 3.45, 89.74 + 4.59, 88.73 £ 9.22 milliunits/mL =~ LDH
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L e % 7 3213t Negative 2 w]end b > & TA, 0.1 pg/mL TA-DLM Nms, 1 pg/mL TA-
DLM Nms 2% pl£ Negative 2% F FEHF AL o« oK =2 X E Y > 7 L EZET|
Control £ Negative e %] 4 %] % 37 127.52 £ 8.14, 144.59 £ 3.62 milliunits/mL =3 LDH & 1% »
v O T] Negative ‘e w]afFfi g i > 7 22 Control 2 5|FN R T EFHALIR o7 Ar
eF % ew® (TA, DLM, 0.1 pg/mL TA-DLM Nms, 1 pg/mL TA-DLM Nms) B| A %] £ 37
105.09 + 13.45, 106.51 + 4.42, 114.28 + 18.78, 101.25 £ 9.09 milliunits/mL 7 LDH &+ » “,$ K
TA, DLM, 0.1 pg/mL TA-DLM Nms §= 1 pg/mL TA-DLM Nms ‘e 4>+ Negative %] % 3% »
% TA, 0.1 ng/mL TA-DLM Nms = 1 ng/mL TA-DLM Nms ‘e %] f] 22 Negative %] 5 ¥ & % £
Pood FaltE ST um M ¢ A 1535 No.1 iPS ‘e #rif H 2 3wz gl b MASLD -3¢ -
FE kRS TA 22 TA-DLM Nms 351 F ' Mo fhorid & chlm 4 ek o hois ¥
585AL iPS ‘ms w3k W Fimie i & (Bl 7 ) 4pvt 0 TA 232 TA-DLM Nms %> 1535
No.1 IPS ‘m#z #7134 2 "Fimie 3§ FH G BEF DR 7 R 2R 0 X OA #77F kehimre
F Mo

AL A S IPS et B2 iwmre i LDH £ T P (1) F W et 2
MASLD #-3]#/&5 € ¢ % LDH 238 + 2 > P iz 4 fent 2 o (2) 1 pg/mL TA 122 0.1,
1 pg/mL TA-DLM Nms # 12 g+ 42 & %% i< & 1535 No.1 iPS m#z #73f 2 "+ o] ¢ b

KL W E
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200

ODay 1 m Day 3

—_
U
(=]

LDH activity (milliunits/mL)

Control Negative 1 ug/mL 3 pg/ml. 0.1 1 pg/mL
TA DIM  pg/mL TD-Nms
TD-Nms

W 1 :585AL1IPS twve i W2 3Fim% MASLD # ¢t #-3]2. LDH ZE Rl %*
(*p < 0.05 significant differences vs. Negative on day 1, 3, respectively;
#p < 0.05 significant differences vs. Control on day 1, 3, respectively).

200
g " ODay 1 m Day 3
= 150
7 *
E . :
= L dokok
E 100 * . :
)
=
s
=
3]
<
= 50 1
)
—

0

Control INegativeI 1 pg’mLIS pg/le 0.1 I 1 pg/mL
TA DIM  pg/mL TD-Nms
TD-Nms
W = -+ : 1535N0.1iPS =% i ¥ 2_3Fm¥% MASLD # ¢t 73] 2. LDH B & RIE% -
(*p <0.05, **p < 0.01, ***p < 0.001, significant differences vs. Negative on day 1, 3, respectively;

#n < 0.05, #p < 0.01 significant differences vs. Control on day 1, 3, respectively).
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4.3.31PS m%e 3f W2 Mm% 2 Fi R A B iR R

Ax S ime b 2 At BEAPMFET TADLM 2 4 8507 0 kg i
e B PSS 0 TR A P M A AR AR E PR F AR Y 342
§2.% 2 4IPS i A e o B E Y 361 SR E LB EE M hisim 3.62 &

44

PFEAE A » FEHRE BT RBEE P E RS o A FRELSHE 1R H 33 AN
fPlmie bk XGR TR AR R A AT
Bl- - — % B585ALIPS fm%e #1242 Wimiz chit & | RISl ¥ - X E I > T OURE
] Control 2 Negative %] 4 W 4 37 1546 + 1.92, 13.97 + 1.05 mg/dL /g % k& » 7 14 A
31k Negative =% 4p $3+ Control 3 ¥k K/ 2R > KA o Ay - AT alFEFHL
B ombregskiew? (TA DLM, 0.1 ug/mL TA-DLM Nms, 1 pg/mL TA-DLM Nms) R 4
W 37 13.45+0.15,12.86 + 0.08, 12.24 + 0.54, 12.5 + 0.54 mg/dL 4k ER 0 & TA, DLM
2% 0.1 pg/mL TA-DLM Nms ‘e %]2? Negative 2 2 & ¥ £ £ > @ 1 ug/mL TA-DLM Nms
w B F_g B % 1<%t Negative % o A5k % = X cnd L7 » ¥ 1% 3| Control ¥7 Negative
WA w4 164+ 1.67,12.67+0.89 mg/dL s & kR > ¥ 0 L% T 4t pF Control 20§
MERSB A ABE o @ r ¥ s wu¢ (TA DLM, 0.1 ug/mL TA-DLM Nms, 1 pg/mL
TA-DLM Nms) B 4 ®w] £ 37 13.71 £ 0.11, 12.91 + 0.38, 13.46 + 0.17, 14.94 + 0.38 mg/dL mfj\
32 ER “,% 7 TA, DLM 0.1 pg/mL TA-DLM Nms = 1 pg/mL TA-DLM Nms 32w 3 %
Negative w4 st > 5 1 pug/mL TA-DLM Nms ‘e %] B] 22 Negative 2% 5 ¥ F L E >
g Control Ew Yo £ B o d FiRREEF UM [ & 585A1 iPS mre i o2 3 F i Y
b MASLD #31 ¢ > #F 2k & 7 TA-DLM Nms 323 ¥ v 4f " be i [amwck o
Bl- L+ - 2 1535 N0.1 iPS ‘m®e #1322 s Fwmie cnE % | Ao & - X ehd e » ¥ 1y
L% 5| Control £ Negative & %4 %) £ .7 19.44 £ 1.96, 13.81 + 1.93 mg/dL s /k k& » 7
45 2% Negative e %)4p ¥t Control e ¥ A ¥ " MhfiF AR o @ r BF R leH ¢

(TA, DLM, 0.1 pg/mL TA-DLM Nms, 1 pg/mL TA-DLM Nms) B 4 & % 3.7 13.69 £ 0.18 |,
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13.31 + 0.21, 13.05 + 0.32, 12.62 + 2.34 mg/dL /% kK& » Rl EIpAEn e 0 F & ok
Negative 2 ¥ @ 2% X B o 4 5K % = X ch& ¥ > ¥ @2 7] Control ¥ Negative ‘e %] 4
W7 18.61+0.75,15.81 £ 0.33 chf & k& > ¥ MR E T pF Control o R A ¥ R F o
FhE AR o e B &KeH ¢ (TA, DLM, 0.1 ug/mL TA-DLM Nms, 1 pg/mL TA-DLM
Nms) R4 %) 4 35 14.61+ 0.71, 13.36 £ 0.38, 13.66 + 0.26, 21.08 + 1.54 mg/dL /g % k&
5 1pg/mL TA-DLM Nms ‘%] B| 22 Negative =% 5 2 ¥ L & > * » ¥ %>t Control & -
pt b 22 585AL IPS me o103 W2 s e (Bl ) 4P+t 0 1 pg/mL TA-DLM Nms % 1535
No.1 iPS ‘m®e 74| ¢ ¥ 11w 4h #§ V- & rnfjl—% Akg ood FitEET I - 4 1535 No.l
iPS e i3f W2 9 Fme Rl /b MASLD #5317 > # %k & ¢h TA-DLM Nms 355 ¥ w44 '+
LR A Cl= sk

FeEPEAfE IPS mee 2w A B ET UEP (1) J B EATEE
MASLD #-A1/E R € i3 = fkF £ T "% > P " # i [1ehT™ F o (2) # Uk R 0 TA-
DLM Nms 23 ¥ #rdli fh g = e # 50 (27 % g%k ¢ (3) 1 ng/mL TA-DLM Nms #

Pk AZR 2t 1535 N0.1iPS fmie i3 B2 WFimm HEA ¥ ch R A E o
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control negative 1 pg/mL 3 pg/mL 0.1 1 pg/mL
TA DLM  pg/mL TD-Nms
TD-Nms

W =+ - :585ALIPS dm% i 2 7w MASLD B 32 A AR ERBIES -
(*p <0.05, **p < 0.01 significant differences vs. Negative on day 1, 3, respectively;
#n < 0.05 significant differences vs. Control on day 1, 3, respectively).

ODay 1 m Day 3 #
—_ sk
% ¥
*%¥
w20 A
g
~ H## 44
g " up x Hit# ﬁiﬁ ad
5 H#t kwk ay
ot
o
8
Z 10
2
-
0

control Inegativell ;,lg/mLIB pg/le 0.1 Il png/mL
TA DLM  pg/mL. TD-Nms
TD-Nms
B = L+ = :1535No0.1iPS im¥% 3% #-2_3F3im*% MASLD # ¢t 53] 2 5}1;‘% AREWRRESE -
(*p < 0.05, **p < 0.01, ***p < 0.001, significant differences vs. Negative on day 1, 3, respectively;
#p < 0.05, #p < 0.01, #*p < 0.001, significant differences vs. Control on day 1, 3, respectively).
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A34iIPSmiz i 2 " mie 2 0 F-v L& ¥ KRR

ERAHREAREL G BFAPETEL N AT - e R AR
datk 0 i o FIAAPHEHEAEE T D Y LAFRRBEFTE A pARY 342 &
2.3 A IPS e AT e > BEFA 361 SR E 2 MEEE 1 RS R 362 &b
PEAR4e » PSR w R A A AT o FRE 372 o 2R me PG
V2 LA E RS o

Bl=- = 5 585A1 iPS e 2 "Wz L ¥ Lg%k > 1R P DB ST BRI
3t Control % - Negative 21 % v Jov F B 2 css ; @ il sbe 29 %27 (TA,
DLM, 0.1 ug/mL TA-DLM Nms, 1 ug/mL TA-DLM Nms) » TA ¢ DLM 24 ¥4 #v £ Rw¥ 4k
gt % > @ A 0.1 pg/mL TA-DLM Nms 2 %2 1 pg/mL TA-DLM Nms & p]g_% 3+ £ Control
APV RS Fed F o d Pk % T P TA-DLM Nms e 585A1 iPS ‘m#z #73% 2
i m e el ¢h MASLD #23] ¢ 3 F 42 e e gk o

Bl- +mw 5 1535 NO.1iPS wmPe i 2 "Fimiz LA ¥ L35 » UG RP &7 B
| 4p >t Control 2 > Negative ¢ o 3-v F B s s m Al b w9 % e (TA,
DLM, 0.1 pg/mL TA-DLM Nms, 1 pg/mL TA-DLM Nms) » = &35 37 ¥ B Fv F i °
d Fik 2% 7T P TA DLM 22 TA-DLM Nms % 1535 No.1 iPS ‘m*e #73 2 3% mre i

1t MASLD #2317 5 F & 2 fore i vk o
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W = - = :585ALIPS mPe 3 %2 "Fimfe MASLD B2 6 39 A RELEFES -
(A: Control ‘&, B: Negative &, C: 1 pg/mL TA ‘&, D: 3 ug/mL DLM e, E: 0.1 pg/mL TA-DLM
Nms %, F: 1 ug/mL TA-DLM Nms & ; ¢ 5 fmre % > %d 59 v )o

W = L= 1535 No.1iPS fm¥% 3 %2 "Fm% MASLD R* 2.0 30 S RELEF LESE -
(A: Control ‘&, B: Negative =, C: 1 ug/mL TA %, D: 3 ug/mL DLM ‘e, E: 0.1 ng/mL TA-DLM
Nms %, F: 1 ug/mL TA-DLM Nms & ; & 5 fmPe % > %d 59 v )o
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435iPS m i P2 M Fmie 2 v Fv A B E &R

o A P PRSI 0 AP FLEIM I T 0 fr A B B A -
BARY 34282 2 2R iPSwrr e o HFAIY 361 &2 WA V1 B
SRR I62FTFER > FHRELRYRIBEI P E LT c A rFHREL DR L

PR G 3R Al Pedmte LR iR T Fed AR E AT

S

Bl= L7 % 585ALIPS fmi #1f W2 M imie chis % AR F - AT 0 T R

F| Control ¥2 Negative % %]~ &) 4 7 3.89 + 0.16, 3.75 £ 0.01 ng/mL v F-v kR » ¥ 14

Tﬂl“\

%
=

J1 % Negative @l 4p 43+ Control e§ ¥k i Jod 2> RA 3 F ¥ - 2 X @ F
i @ tw 2fs%eu? (TA DLM, 0.1 pg/mL TA-DLM Nms, 1 pg/mL TA-DLM Nms) B
w437 4.64+0.06,5.42+0.03,9.18 £ 0.05,3.19 £ 0.01 ng/mL v F=v kR » ¥ R T
TA, DLM 122 0.1 pg/mL TA-DLM Nms e 3o4 LA F# % v 30 A8 > #%a 1 pg/ml
TA-DLM Nms =R &_f & ¥ 43t Control ™ 2 Negative % o sk % = X ch& 37 » ¥ @
% 3| Control 2 Negative e %] 4 W £ 7 1218+ 2.4,6.79+ 243 che F-v 2 RE » ¥ UBEE
F| 5 Control 2 plF 7 A E M E o hv AR o hr wFBewd (TA DLM, 0.1
ug/mL TA-DLM Nms, 1 pg/mL TA-DLM Nms) R4 %] % 7 544 £ 255,404 + 1.84, 5.79 =
2.37,1595+ 6.15 1 F-v &2 € » TA, DLM 4r 0.1 pg/mL TA-DLM Nms £ Negative ‘& %] 1
ZKFALPE > 3 1 pug/mL TA-DLM Nms =% B2 Negative 2% F ¥ F LR » & &
Control 2w+ & Z 8 od P2 % ¥ UHP | A 585AL iPS 'w¥e #1334 $ 2 3w chff ¢t
MASLD #3] ¢ » # 2k & 9 TA-DLM Nms 323 ¥ w48 3%z a0 vk o
Bl- L= % 1535 No.1 iPS m*e ¥ 2 M wmechE % | Anh - X ehd e » 7 1y
L% 1| Control #2 Negative &%) 4 W £ 37 10.33+0.72,55+ 0.0l ng/mL v 3¢ kR » 7

25 41k Negative fewip 443t Control 23 FAE FHR Mo o 2R o m e 2P % 2w ¥

puu)

(TA, DLM, 0.1 pg/mL TA-DLM Nms, 1 pg/mL TA-DLM Nms) R 4 %] £ 3.7 3.57 £ 0.01, 2.64 +

0.01,4.19+0.02,22.35+ 0.29 cw v kR » ¥ 2R3 TA DLM 2 2 0.1 pg/mL TA-DLM
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Nms fet5@ £ 30 F=v w4 % > k@ 1 ug/mL TA-DLM Nms ‘e p| 2 3% % 4pdi3t Control
22 Negative =257 FAEFt 2 o sk % = X him? - ¥ 1@ %3] Control ¥2 Negative
w0 14.63+0.41,5.27+£0.02 vw F-v AR E 0 ¥ BT L pE Control fe P
AR FRE 0 Fo AE 0@ e 2 ¥ 5% ew ¢ (TA DLM, 0.1 pg/mL TA-DLM Nms, 1
ug/mL TA-DLM Nms) B4 %] % 37 4.41 £ 0.01, 3.4 £ 0.03, 4.66 + 0.02, 14.34 £ 0.2 v F-v
A g o TA, DLM 4r 0.1 pg/mL TA-DLM Nms 324> Negative ‘2% 4 2 € » &3 1 ng/mL
TA-DLM Nms = %] R £ Negative 2% ¥ &% £ 8 » ¥ & Control 5] ¥ @ £ £ o ptoh - &
585A1 iPS ‘m#z #r3f 2 "Fimre (Bl= + 2 ) 4ptt > 1 ug/mL TA-DLM Nms % 1535 No.1 iPS ‘m
BHAY TR R RF S Gl E AR R o PR R T GRP ¢ & 1535 No.L iPS fme @
32 Fiwre el b MASLD #:31¢ 0 4 20k R 50 TA-DLM Nms 323 ¥ w4 " im 72§ 50 o5
3B o

FE A IPS e i 2 Fimie i Bed BET UERP (1) F e L
MASLD #-3l/cf ¢ %6 Fv 2T > 5P 3Fim e 2 00 (o T ¥ o (2) # kA 9 TA-
DLM Nms 323 ¥ #rid e #rid = dove 7 5 (27 %% chefsc % o (3) 1 pg/mL TA-DLM Nms # 14

s AR R e & 1535 NO.LiPS e #73f 2 #Fm e 03] ¥ e Jod e R o
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Albumin concentration (ng/mL)

Control Negative 1 pg/mL 3 pg/mL 01 pg/mL 1 pg/mL
TA DLM TD-Nms TD-Nms

Bl = L7 :585A1IPS w3 %2 i MASLD B¢t iR ¢ v A REBERPBIE S o
(*p <0.05, ***p < 0.001, significant differences vs. Negative on day 1, 3, respectively;
*p < 0.05, #p < 0.01, #*p < 0.001, significant differences vs. Control on day 1, 3, respectively).

.25 ODay 1 mDay 3 HitH
»g sk
)
520 E
g sk
= sk
L1s
o
L
':: sk
= 10 A
g iy i
i e ###* #H# e
5 |—I e I
0 I_I T T

Control Negatlve 1pg’mL 3 pg/mL 0.1 pg/mL 1 pg/mL
TA DLM TD-Nms TD-Nms

W =+ = :1535N0.1iPS im* 3 &2 3+Fm% MASLD $*t 532 v v A RERBIES
(***p < 0.001, significant differences vs. Negative on day 1, 3, respectively;
##p < 0.001, significant differences vs. Control on day 1, 3, respectively).
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4.4 TA-DLM 2 X 4 X &4~ 5 2 R AFm e (s R
441 % RS2 §7Fmee 4 LGRS

HAdr 351 FiE (7 A BUFHROEIL S RBUE AN R A RFm e TR A S 0 N
Wi 4 PEGS > B AR {H L5 F IMMOA Z 2 4 (74 5 > L3 wve 24 /)
PPl ok B ERrw{ #5377 TAE TADLM 2 ¥ EH a2 %% o ot » 7
Befs AR L - B RR T AXio Vert Al 2 SN B AR T i 2 4 £ RN o

HB - L= ¢ > Control E P et ¥ FimiE BT i AR A 4F o 5 15 % - @ 4
Negative % * w¢ﬁﬁﬁﬁﬁ§§%$5wﬂwm%’EH%W§ﬁIMm%*mﬁﬂﬁ%ﬂ’jiﬂﬁ
%ﬁ%ﬁ?ﬂi—:@gﬂ?é kIR R o

B=- -+~ ;”J e kR 2 TAZ TA-DLM Nms - % {8 en % o 4v > 1ug/mL en TA
15 FNA RIS hAL R G PTR A 0 R v g AR % o 5 opg/mL h TA B F L 0

w5 RE 0 P PR RILR D 0 e PG Bf? o 4v » 1 pg/mL 3 TA-DLM Nms {5 » ‘w¥z 3
7 - el o s RS o 5 ug/mL e TA-DLM Nms RI&E 7 2 i ocdk » B0 = >
IR TR S I L ST S L S

Blo LS4 B7 1 ip = % Beng % o Biag- % (R L ) sdnv > 1pgiml sh TA 2

)

MR NI o eI AT A S ug/mL h TA B A X Sk {4k

FooREE- RS e I G Bf?» o 1 pg/mL ¢ TA-DLM Nms &4 B7 535

el

rE o AR o b opgmL 5 TA-DLM Nms et = % ek Sudi - B9 % 230 %
TSR TARAR T i ihl f A o s e

BB R W (OA) it 49 24 /| P of F 9 lmPe A5 = By 53 m e o BE O e dw e P Ry
751 o TA fo TA-DLM Nms 320 § s -5 5 3 im vz chig a5 0 foqp dmre 2505 » ¥ 2 5§
TR PE R PR e o p %k { 4cBEF o 95 ug/mL ¢ TA-DLM Nms e 4 3 B B B cmc %k

2

BZ RS R RR T ARG o B B G d b 3 W eh MASLD 015 6 i
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50 pm

—

W= L=k R RS R i W2 e MASLD B2 8- % 2 K35 o
(A: Control & ; B: Negative ‘e

\ 50 pm ]
R — — G ® [} )

B =Lt~ AR RARTFwme 2 Fme MASLD 4P 032 % - 2 2 R 35 -
(A: Control % ; B: Negative % ; C: 1 ug/mL TA = ; D: 5ug/mL TA % ; E: 1 ug/mL TA-DLM
Nms % ; F: 5 pg/mL TA-DLM Nms %) -

w7 K
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{ ¥
S 50 pm

W = e T W W Sge oI T WU =

W=-td A8t R Fweg 2 "Fiwe MASLD ¢ 5C312 e X 4 & 535 -
(A: Control & ; B: Negative % ; C: 1 ug/mL TA % ; D:5pug/mL TA ‘& ; E: 1 pg/mL TA-DLM
Nms % ; F: 5 pg/mL TA-DLM Nms %) -
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442 %« K75 X {97 mr% 2 DNA ¢ £ Bl

b e A R > APRFER MmN & 2 DNA £ o F %40 351
§E 17 4 BUTROE M B E AR & A R R s A 1 R e 4l R

WA R{#HLIZT IMMOAZ B R REFA V{8 > L3 fliwmre 24 | PF{S L 4P %R 22
BERAB{#ELTF TANZ TADLM 2 4 EH g £k o e » T EEF 2 [ -
ZRER BRFIBEISE - XU X fsamediie s DNA § B % o

Blz 2 xRAp-dwmemiEd D Aok - i P > ¥ %7 Control &
Negative e %4 % £ 7 11.77 £ 0.32, 13.67 + 0.69 pg/mL =7 DNA 7 & > Negative = %|4p i
> Control ‘e FhEFiR 3 HEd A v 2P % 2w ? (1 pg/mL TA, 5 pg/mL TA, 1 ug/mL
TA-DLM Nms, 5 ug/mL TA-DLM Nms) 7 | 37 12.06 + 1.26, 11.66 £ 0.72, 10.62 £ 1.25,

119+ 0.72 pg/mL =7 DNA z & o » 2354 37 fp#> Negative e dg F i< DNA 7 &

ot

P& Control 2aigFH LR o Ak r = X eniIRY > ¥ ET] Control ¥ Negative &

o]

Bla w5 1058 +0.21,11.9 £ 1.16 pg/mL 7 DNA % & - Negative ‘& %] 4p >t Control ‘e
FTEFEFRFOLR TRES - APROER 8 e 2Pk EN P (1 pg/mL TA, 5
ng/mL TA, 1 pg/mL TA-DLM Nms, 5 pg/mL TA-DLM Nms) B/ 4 %] 4 37 10.93 + 0.4, 10.71 +
0.31, 10.24 £ 0.22, 10.06 + 0.33 ug/mL =7 DNA Zz & > *%# 7 1 ug/mL TA %2 » HAp= ok
# .1 22 Negative 238 Fi M DNA 2 & o d 3R & 7 40> OA 7 1 IR Fim " el (8 >

Pens 27 &7 e o H et b m TA M2 TA-DLM Nms 3 % & ot 48 % iy 4 [86] -
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20

@ Day 1 ODay 3
##

—
N
1

% k%
*3%
*k
7

DNA concentration (pg/mL)
o =

0 h T T T T T o
Control Negative 1 pg/mL 5 pg/mL 1 pg/mL 5 pg/mL
TA TA  TD-Nms TD-Nms

Wl =L 4 RS RFwm% MASLD #8¢H 572 DNA $ B RBIZ % o
(*p <0.05, **p < 0.01 significant differences vs. Negative on day 1, 3, respectively;
#n < 0.05, #p < 0.01 significant differences vs. Control on day 1, 3, respectively).
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443 % B4~ % 2 B ¥F 5w 2. LDH B4k R

= ¥meEp DNA £ ikl > FAPpafiEy TADLM 3 F 4 8.3 i

F_k

MO 2 b= 0 RE R ETF kend e F AR * 351 &2 3 M B 8 JOTR
AR A S BFY 361 H4RE 2 B A E s B 3.6.2 H P » % L F

FRGEE PEAOFT o A FRELSHF LANE F I X LGN R T

N~

LDH &1k ip| 4 47 » iRl 3| eh LDH &1y ¢ £ w4453 ¢ hDNA B 0 r
THRICDE - wmre? cnLDH JEP -
Bl=t- 2B eeadigs @ inh s - iR > 7 %3 Control &
Negative e %] 4 s £ 5 2.56 £ 0.42, 4.1 + 1.71 milliunits/mL/ug DNA 7 LDH /& 1% » Negative
wlfpgt Control 25 Fewi SR BEF R T EEHEFE A e BEFKew? (1
ug/mL TA, 5 ug/mL TA, 1 pg/mL TA-DLM Nms, 5 pg/mL TA-DLM Nms) p| 4 W] £ 3.7 4.78 £
1.14,5.98 + 1.32, 8.85 + 3.37, 5.4 = 0.68 milliunits/mL/ug DNA 7 LDH #F+ o w 2354 7 4p
Y Control ‘e % ¥ g «h LDH B> ",f 7 1 pg/mL TA-DLM Nms 12 #F » H 4= ‘e 35
Negative %5 Fpihi R o pinf % = X hx 7 > 7 %3] Control & Negative &
Bl w4 9.35 £ 1.35, 19.13 + 1.07 milliunits/mL/ug DNA =7 LDH 7% 1+ > Negative ‘& %] 4p
ot Control e ¥R FRBOLR . A e BF Hew? (1 ugmL TA, 5 ng/mL TA, 1
ug/mL TA-DLM Nms, 5 ug/mL TA-DLM Nms) |~ &) £ 357 7.27 + 1.4, 11.57 £ 1.93, 11.88 +
0.96, 11.76 + 1.72 milliunits/mL/ug DNA 7 LDH &4 > = "F%;&’a%l T 4Pt Negative 2 & %
FHEPLDH B o s SR HT 0 ipy - 2 {80 T FREIAR DK HLDH E
T AP BE AT RPN P F A Ramed e KA o ASKRFZ 281
ug/mL TA 4v 5 pg/mL TA-DLM Nms ‘e %] % 3 3 B ¥ "% i< LDH E15 » Bom 3 4p ot
Negative ®2f ¥Fenifikrcs > B0 7 A F N w% G - &4 P TA v TA-DLM Nms it

5 b iR PR AT G S B 8 S
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[§8]
[}

3%}
[}
1

—
N
1

oKk

—_
[==)
1

LDH activity (milliunits/mL/pug DNA)

T

ODay 1

EDay 3

#

ok
#Hit

#HH#

#it

[=]

Control Negative 1 pg/mL 5 pg/mL 1 ug/mL 5 pg/mL
TD-Nms TD-Nms

TA TA

#

skkck

W= L - % B2 e MASLD 032 LDH iE Rl % o
(*p <0.05, ***p < 0.001, significant differences vs. Negative on day 1, 3, respectively;
*p < 0.05, #p < 0.01, #*p < 0.001, significant differences vs. Control on day 1, 3, respectively).
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444 % B i 3 $0Fm% 2 ik A s E Rl

RS 2 S BFA PR TA M E TADLM 2 5 #8587 i 2k
R EeE il o A RO ey 0 T A PR MR AR A R E AR -
H oA 351 &2 2 s B S OFREA A A 15 B EFIY 361 /2 2
A0 s BoiAIERR 362 S At » AL LB TR BEE LD oAb r FHE
g 1A ME S 3 X L6 el b LR ERERR AT - RRIDIDRE T 2 E
7 % e &40 ? cnDNA 2B 0 xR EH - e ? hRE A 4 e

Bl Lt i xHAR]Foeadmds Aok s - iR > ¥ %3 Control
£ Negative %] 4 W &3R5 27 + 0.15, 1.64 = 0.1 mg/dL/ug DNA /g % 4 s & o Fp gt pF
Control ‘24p$2*> Negative 25 FE FRF TR F A RE ;@ e 2 F %257 (1 pg/mL TA,
5 pg/mL TA, 1 pg/mL TA-DLM Nms, 5 pg/mL TA-DLM Nms) f] 4 %] % 3.7 2.21+ 0.11, 2.36 +
0.36,3.69 + 054,253 £ 0.16 s/ A4 i 8 o ¥ LB F &w 29 » 1 pg/mL TA-DLM Nms 4
W BFARFEARE e BIBA R & Negative 25 FEHEFRB DRELARE  bio
% = X eh& 3¢ > Control 22 Negative ‘e %] 4 %] £ 37 4.52 £ 0.56, 2.56 £ 0.06 mg/dL/ug DNA
R E AR 0 BnF % - X 4pk o Control ‘e dp st Negative ‘3% 5 F M ¥R G Dk E

A

ek

s w B % e ? (1 uyg/mL TA, 5 ug/mL TA, 1 ug/mL TA-DLM Nms, 5 pg/mL TA-

3

DLM Nms) 4 &2 3.5 3.23+0.51,3.07+0.13,6.29+£0.24, 713+ 03 chig 2 # &  d &
P LS TA e wieg wAR IR % o & v M Control Eehd R0 F gL TA-DLM Nms ‘e

W Al Ap g Control 212 2 Negative 2395 BFRJ R FLRE o d ZRFRg s v Uit

%o TA L3 wihd et R e % 107 > TA-DLM Nms § % #9%ime i £ { $82 ¢0

i -
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10

ODay 1 H Day 3
g Y ¥ it

ok k
HitH
3k k
##
#okok
2 . I
0

Hkk
Control Negative 1 ug/mL 5 pg/mL 1 pg/mL 5 pg/mL
TA TA  TD-Nms TD-Nms

B =Lz & &A= ®}iFmre MASLD %2 % ﬁfit"liﬁj;‘,% L RERPBIESE -
(*p <0.05, **p < 0.01, ***p < 0.001, significant differences vs. Negative on day 1, 3, respectively;
*p < 0.05, #p < 0.01, #*p < 0.001, significant differences vs. Control on day 1, 3, respectively).

ok ok

Urea secretion (mg/dL/pg DNA)
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445 4 BN F R Fwm@2 v F-v £ RERP

RS EARE SR E SRR AP EF SR Y - gt —d 9 BTk
Ble B AR® 351 &2 22k B e OFRRA B A 1 0 BFAIY 361 2 2
EEE 1S RIS 362 PR » FRELRY RN EE PR dE T o A~

;_1_

Frleisany 1 X UE % 3 X LGB} FoR AR Fed fRRlA AT o RRITIEDE 6 7
B zime %530 HDNA G R BRI NE - e d ey Ged Asil o
Bzt i X B33 me S | Aiohs- iy > 7w g% Control
22 Negative e %]~ % £ 7 1.35+0.12, 0.7 £ 0.19 pg/mL/ug DNA v F-v & & - Negative
wn e v A E B E MO Control e A b mF B ew P (1 ug/mL TA, 5 pg/mL
TA, 1 pg/mL TA-DLM Nms, 5 pg/mL TA-DLM Nms) B4 & % 7.7 1.38 + 0.18, 1.09 + 0.07,
1.87 + 0.16, 1.17 + 0.05 ug/mL/pg DNA 16 36 & 48 o 7 R EF fr 29 > | ng/mL TA-
DLM Nms 7 ¥ & % chv F-v & 2§ ¥ & Control 22 % Negative ‘23 F A ¥ |2 £ §F > P
HA ks - Ao Bt pM B Aok ¥ = 2 ndm? » ¥ %5 Control
22 Negative %4 & & 7 1.06 + 0.05 0.63 + 0.16 pug/mL/ug DNA e 3F=v & s & »
Negative 2w ev F-v & a8 27 Day 1 % 34p F 483 8 & ¥ <3t Control ‘ech; @ Aw s
B e (1 pg/mL TA, 5 ug/mL TA, 1 pg/mL TA-DLM Nms, 5 ug/mL TA-DLM Nms) B] 4
B 37 0.95+0.15,0.93+0.15, 1.27 + 0.14, 1.31 + 0.07 ug/mL/ug DNA e 3o &8 E o 7
MEED e ed > e TA-DLM Nms 29355 F &8 v §-v A g ¥ & Control 12
z Negative 23 FEEFMH LI - d k%S5 7 13k TA-DLM Nms § ¥ #-5Fm 52 4 i

W AR B o

82

doi:10.6342/NTU202403205



[¥8)

ODay 1 mDay 3
#Hi#

EX S

o
L

#E#
# ok

## *ok

EX S

Albumin concentration
(ng/mL/pg DNA)

Control Negative 1 pug/mL 5 pg/mL 1 pg/mL 5 pg/mL
TA TA TD-Nms TD-Nms

W =Lz AR~ RERFw% MASLD B2 9 39 S R EHBRESE -
(*p <0.05, **p < 0.01, ***p < 0.001, significant differences vs. Negative on day 1, 3, respectively;
*p < 0.05, #p < 0.01, #*p < 0.001, significant differences vs. Control on day 1, 3, respectively).

83

doi:10.6342/NTU202403205



446 « B F R w2 |L-6 4 2E P

e o SRREORPIE o d NHBRKE ;ﬁd AMPK signaling pathways * 3% =
G R e AR N g B enat 4 [87] 0 @ IL-6 i fé cytokine R|E_% AMPK signaling pathways
P EAPM Nk 4 [88] o F AP ELRE T e AN IL-6 A ukR o F A 351

ae20 % R KA Bl RO e ORI B R (S o B F Y 361 4R F 2 g L1 0 B

JePB 362 SRt » PHE LB RS LS AT o bt » FHEEHY 1 X
$ 3 A 4 u g wte LR BT IL6 R4 AT o RIEI 0 IL6 3 R Hchh § £ f e
ey At ? chDNA 8 > M2 R M E - e L6 A i 4 o

Bzt i X RARS0Fmeaddd ! Anksy- X aim? » ¥ g5 Control
22 Negative &%) 4 W £ I 7 1546 + 1.92, 13.97 = 1.05 pg/mL/ug DNA 3 IL-6 ~ & >

Negative & %] IL-6 4 & § & % M Control 2405 @ fw 29 % 2w (1 ug/mL TA, 5

ug/mL TA, 1 pg/mL TA-DLM Nms, 5 pg/mL TA-DLM Nms) R] 4 =] % 37 13.45 + 0.15, 12.86

B

+ 0.08, 12.24 + 0.54, 125 £ 0.54 pg/mL/ug DNA 7 IL-6 ~» 2 & o ¥ MWEZ D w 27 > 1

pg/mL TA-DLM Nms 7 ¥ & B 0 IL-6 » i & ¥ v &% & Control 2 2 Negative =25 ¥ 4

Jit

FHAFE > WP E AR % - X ¥ AMPK signaling pathways e 4p B 8258 o Aok %
& Y > F R F| Control ¥2 Negative ‘e w4 b £ L7 158.62 + 11.84, 99.61 + 6.69
pg/mL/ug DNA 1 1L-6 4 ;& & > Negative e %] IL-6 4 ;3 & 22 Day 1 & 3Ap e cndb$ ¥ 25 ¥
>t Control e @ fw 2P % 2w ® (1 pg/mL TA, 5 ug/mL TA, 1 pg/mL TA-DLM Nms, 5
ug/mL TA-DLM Nms) p 4 %] % 387 132.98 + 10.53, 146.42 + 10.05, 175.68 + 12.02, 143.3 +
10.07 pg/mL/ug DNA 7 1L-6 A i £ o 825% % - X B R aug$4p o > 1 pg/mL TA-DLM Nms

4-\—'——1—

7 FEFAIL6 A xE " 2y 2 Control 2202 2 Negative 25 FA FHLFE o 1 k%

#P > TA %2 TA-DLM Nms 3 ¥ {1 IL-6 ch4 i § 1 i2 @ 3 AMPK signaling pathways

RS e TR R o
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ODay | mDay 3

200 T * %k
ko

He sk
## EE L
EE LY

#Hi#
100 A

#E#
H# LR

IL-6 concentration (pg/mL/pg DNA)

Control Negative 1 pg/mL 5 pg/mlL 1 pug/ml 35 pg/mL
TA TA TD-Nms TD-Nms

B =tw : 4 B4R ST MASLD B2 IL-6 A 0B RBEE o
(**p < 0.01, ***p < 0.001, significant differences vs. Negative on day 1, 3, respectively;
*p < 0.05, #p < 0.01, #*p < 0.001, significant differences vs. Control on day 1, 3, respectively).
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447 % Bign 5 5 R IF0%e 2 % B E R

T

B f3 IL-6 AP ahA B S o s @ % Adipored FEA A4 TA 22 TA-
DLM Nms #c & 4 p efamy f3aff chic 4 (74833 o F £ @ * 351 82 & & 4 84 A 3Fimre
GO RE A S  BEY 361 42 2 A s AR E 362 HenpEiEt ~ P 5%
PEBvRGRS P E R T o A2 FRESOE 3 X RER 374 Fn T p
N I A

Blz -1 5% B R eedmi s | 7 EEI 4% ¥ Control 27 a7 1T 7 £ %
% 100% p¥ - Negative 2 %2 w 2 F % 2R 4 %7 ¥ 218.64 + 10.97, 164.21 + 2.96, 147.7 +
1.34, 138.95 + 2.35, 141.78 + 6.8% cr%g Fafrit &) o g L ¥ B3] 4p > Control
Negative ' F ¥ ¥ # B g FIMF AR » P A4 PR TREY €7 FRF AT EH -

BF e 2R %2 YApHE Negative 23 F A F 7 % a0df$ > P TA 12 TA-DLM

F_

Nms & & & F "% e p g g e 4 0 &A@ TA 22 TA-DLM Nms ‘ez F ¥ & P & <0

;IL';HLIH_O
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Relative lipid accmulation (%)

fidiaid
200
Hi
EE 0
o #a# it
Sk sk
*kk
100 4
0 A T T T T

Control Negative 1pg/mL 5 pg/mL 1 pg/mL 5 png/mL
TA TA TD-Nms TD-Nms

W=t AEAFESRFw%e MASLDRPECRIZ T RARERBIES o
(***p < 0.001, significant differences vs. Negative on day 1, 3, respectively ;
###p < 0.001, significant differences vs. Control on day 1, 3, respectively)
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45 TA-DLM 3z 3k ¥4 $t-] & MASLD 3] er2 38

b XA RS RS> AP FL S TA-DLM Nms 3£~ FIR8RN 9 %) @ o
Rl H A fp LF 0 BRI ARk cMAFRA A BINA D pALT TR
TA-DLM Nms “f8p end kR - F]p 1% & T 184 STZ M 2 & & HFD m2 = /) &
MASLD #-3] 5 » & A w2847 f k& 22 TA-DLM Nms 128388 4 ¢ TA-DLM Nms k& 5
¥oob oo ApEiEi 2 TA-DLM Nms kB 18 » i #3%)k B 22 TA-DLM Nms 47 4 |38 » B33
#9522 TA DLM 12 TA-DLM Nms ¥ #+ MASLD #8 p -3 032 58 o ]t 1584k &
HFD 2 2 % pEs& = | & MASLD #7315 » £ A w0 IP st if = b FF] SRp U %3

2 F TR A

451 - & MASLD #-3|3E R %HME ~"FREELE R+

Bl= L= S90% 4 %3 2O EL% > a Bzt 28202 MEEkpE ot
AR MEE T AWMERNEGRE > &) 4383 0 & Negative w27 4 o 9 5% e
FRAp B E N EARY > A A4 06FHFHEY T > 61 QGMFHEN LY
ErARME 0 BZ L 2 M E R E F R B AR AR E > O PR L B K B

15-23 5. # £ & 43

m

# 150-180% - :ZIR % 7 Erz FIN A G E S N LB A T e STZ
BRIl BRI 0 B dwre @5 R A A R - AR 0 A % - QRO R

BAE 6 R E R > Eid ) R SR B ) B [89] o B 9 s
12 8P 50847 7 k&2 TA-DLM Nms 4 e & icdh 2 2 EH L S eni s > 7 LR
2P ARG ERI LM v L e I : Negative 22 4 9 % » (0.25, 0.5, 0.75, 1
mg/mL TA-DLM Nms) 4 %] & 12 ¥ #pF T 387 17.58 £ 2,18, 18.4 + 1.95, 17.2 + 2.14, 18.84 +
1.49, 2048 £ 0.94 g =48 & 12 2 168.33 + 9.79, 175.48 + 6.29, 163.49 + 12.89, 177.64 + 8.76,

19314 £ 5.49% A8 £ 3 £ 5 o ¥ ELE D] 1 mg/mL TA-DLMNms 7 ¥ & 8 chii £ v 2 &
88
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WE Fenimo @ 05mg/mL TA-DLMNms 7 FEh e W2 WEH L Fend o> Ka 5
B2 BA G NIER RS BEF LR

FFAPF LB FRLE LN EIFE/MPE G IR SN R eEREE SR
Negative 14 2 4 o3 5% e 4~ %3 ¥ 1.68+0.17,1.41+0.14,1.37+0.2,1.23+0.09,1.49+0.16 g
SHFRRE R o f 3 gt MASLD #0341 o R ¢ R ARE S et T Bl g ROFIRE AP
R AVPFERIRE 0 354 3P 7 Negative 2SFEE B R F R F[00]; ¥ b A4 P B

#_ % 0.75 mg/mL TA-DLM Nms 7 ¥ & M aF5 € & > ¥ & Negative 2% 7 FF LR >

‘\»
e
>M

‘Tz

F_*

X SEP I EORERR S FFAPREL &Eﬁ?“*’«’%g‘_i'ﬁ MAME > Bz S
1 ZFE/ME v 5% % > Negative M 2 4 2 F@ %2 s %3 ¥ 9.62+ 1.27, 7.67 £ 0.28, 7.99 +
0.69, 6.58 + 0.59, 7.31 + 0.99% T3+ 3K/RE &£ +- b o 7 L d IR A I G P im0 F
MASLD #5732 ] SLH 3550 ik £ RE & 8 et 6] (- 485 4-6%) > F]+ Negative %] ¢
FRBIFEME B A T UEED 4 B9 % eSO Negative B F B F LT

E/ME 5> £ 0.75 mg/mL TA-DLM Nms § F & ®h& 3R> 328 %3P 1 TA-DLM Nms

ﬂ

FER ¥V MNERBEHEA) B RE R > F 0.75mg/mL TA-DLM Nms 7 F &8 F cnk R o
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25

20 -
o g
=t 1|
15 -~
e
L
=
_%\ 10 -~
o
as)
5 —e—Negative —e—0.25 Nms 0.5 Nms
——0.75 Nms —e—1 Nms
0 T T T T T L] T L] T
3 4 5 6 7 8 9 10 11 12 13
Week
W =-+= ] ZMp MASLD H-3| k€ 8y -
220
<
N
S
.© 130 A1
N—
<
=
§=
o]
en
=
<h 140 1
R3)
B —e—Negative  —e—0.25 Nms 0.5 Nms
——0.75Nms —e—1Nms
100 hd T T T T T T T T
4 5 6 7 8 9 10 11 12 13
Week

W=+ o] SR MASLD K-3)7F 5% W € 3 £ 5 g -
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[—
hn
1

Liver weight (g)

=]
]
1

* #
0 T T L] I L]

Negative 0.25Nms 0.5 Nms 0.75Nms 1 Nms

W=+~ BHA MASLD K35 FRE L8 -
(*p <0.05, ***p < 0.001, significant differences vs. Negative, respectively)

12

*
*3%
*
8 1 e
4
2
0 T T T T

Negative 025Nms 05Nms 0.75Nms 1 Nms

W=-+4 ) ZMP MASLD #C3FR%HFE/ME W bl -
(*p <0.05, **p < 0.01, ***p < 0.001, significant differences vs. Negative, respectively)

—_
<
1

Liver/body weight ratio (%)
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452 ) B MASLD #3955 27 B B %

= ¥ B MASLD #Al3@skana e A 47fs » AP 57 7 23 RER 2 TA-DLM

NMS $5 3% 5o mm s 28 fmoe e 580 B0 Al 816 Be B Mg 2 LT 3.7% iR

5 4 (37% Formaldehyde 4= PBS 12 1:9 ¢t iR &) # » 3¢ 24 T 48 /| P& {5445 T PBS ¢
$2r 4°C BB T HG o R EIIFRAFHG AT RF RS e i flie 7 HRE f¢
Picro-Sirius Red % ¢ 4 17 -

Ble + 5 H&E chie A ¢ g% 07 R ET]d 00 g 3aff chidh e > & Negative e 5%
KOEESRIE R S ek 7 ,Kfiﬁg_uﬁ N N N e S LR AR - U T ’JJ"F%‘;#’Zm
F o BEFV UEEI e 2F % e (025 05, 0.75, 1 mg/mL TA-DLM Nms) 3 ¥ 4p $23¢
Negative e #e > ez 3z > 3 3 A 1 mg/mL TA-DLM Nms 7 g2 5] & A F58 w2 = & 3
#7515 &g TA-DLM Nms % #5588, B3 ff iy 4 o

0 B-HRRE RN IRRE 0 dpikl ez H&E him s Bgl B M ql
Image) #Ag e (7P s ek &~ 47[43] 0 Z % 4-Ble L - #7571  Negative &7 v ‘e F 5% 2 4 4
# 37 51.58 £ 3.27,50.2 £ 5.77, 38.39 £ 3.06, 37.1 + 2.79, 32.63 £ 3.96% 7774 "5 g ALK o
ML e 2 F %2 ? 505, 0.75 1 mg/mL TA-DLM Nms =25 & Negative &4p+t 5 ¥ &
FR gk o ZP TA-DLM Nms § F "% MOF5070 35 M chig 4 o

Bz - = % Picro-SiriusRed shie 84 ¢ %% » ¥ WREF| L 80 E A4 P RS f 4
e o P & STZ 112 HFD 3% ¥-4550 7 e s 5525 %k 4 @ (Collagen fiber) 2 4 - 5]
Pl mAFR R B o AP AT P TR E A ];5% Al % MASLD m 22 MASH - ¥
R A REARZ TADLMNMS ©» 72 € 3 %2¢ ¢ RdZ2 24 > P LZERREZ

TA-DLM Nms # 7 ¢ & "F9%K 4 24 g it aagde -
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Woe o) RAR MASLD #3785 H&E B> # 4 ¢ &% o
(A: Negative % ; B: 0.25 mg/mL TA-DLM Nms % ; C: 0.5 mg/mL TA-DLM Nms % ; D: 0.75
mg/mL TA-DLM Nms ‘& ; E: 1 mg/mL TA-DLM Nms ‘) -

80
60 A
=
NN
p
]
t
s e
S 40 - ek e e
=
@]
+—
<
]
—
7]
) I [
0 T L] L] T

Negative 0.25Nms 05Nms 0.75Nms 1 Nms

Wow+- o BHPA MASLD #3038 % H&E 28> ¥ iR RR 447 -
(***p < 0.001, significant differences vs. Negative, respectively)
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A

Bowt=o o) 2P MASLD #3735 Picro-Sirius Red 3%+ 3 % ¢ B % o
(A: Negative ‘e ; B: 0.25 mg/mL TA-DLM Nms % ; C: 0.5 mg/mL TA-DLM Nms ‘& ; D: 0.75
mg/mL TA-DLM Nms % ; E: 1 mg/mL TA-DLM Nms ‘) o
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453 ] 8 MASLD #3|E#% e R A 178 5

A MERPGpOEPEHRNE VRIFRL EfOFE/M L B 0 AP 27 Rk
B e TA-DLM Nms 4+ MASLD | &> £ pend M@ P85 @ > F 4] & 12 ikdepd
{7 B w7 ¥ AST, ALT, CHO, HDL, LDL, TG, Glucose i {7 x j # it A 45 o

# = % Glucose e Bl % » 27T HKBI7 ) R 6F8 (R4t s HFD w) 112 12 3%
B (BhioRkhie) Prann fEliciE o ¥ MELR D & 6 T8 L 2] Bl flicE % & 400-600

mo/dL 2 & > & 2|0 12 Fdbps & o] B R R & 480-600 vz mg/dL 2 e ¥ 4R

]

SI A 6 F# A E 12 ¥ L e n BECEISE & 200 mg/dL 2 b oo P A A AR
YA @ HFD 2% 2 Gy B A enprE B> & 2 o] BB g fop ki e [91]
P2 e 7 s 2% (1) A3 AMBEHSTZ FET > B | ¥ U E 5 BR
HHCA 5 (2) TD-Nms &% w4 d STZ i ¥ 2§ s 17 -

Ble - = ~w+w w2 AST,ALT i3 % o 7 L & AST hg % ¢ > Negative 2z = §

B e W IR0 162.23 + 43.28, 104.93 £ 31.56, 175.63 + 37.59, 99.45 + 29.16, 135.73 £ 41.42

e

U/L sn AST k& - ¥ L% 3] 0.25,0.75 12 2 1 mg/mL sk %] 4p #>+ Negative &5 ¥ & *%
% o @ 3 0.75 mg/mL e w2 Negative 2§ FAEFH LR - £F & AST thig %7

Negative &2 o9 B fe o W £ 307 70.13 = 6.37, 37.57 + 12.25, 74.4 + 21.35, 44.94 + 15.62,

ﬁ

4956 + 714 U/L s ALT kB - ¥ %3] 0.25,0.75 2 2 1 mg/mL e %] 4p #>t Negative

Boo Fru] ek 4 ALT enit o

Ble-7 e t2mn s TE A CHO (g% o £ & TG éls % ¢ - Negative &2 o
2w w37 230.33 £ 67.66, 328.2 + 37.62, 285.1 £ 117.66, 137.23 + 47.92, 120.2 + 78.96
mg/dL 7 TG JE & o ¥ %3] 0.75 122 1 mg/mL ke %) 4p >t Negative 2% F # i<
TG kR » Aa &4 075 mg/mL ehie w3 FHFHLOEE « 2 F 4 CHO chis & ¢

Negative 22w =5 5% ® & % £ 37 210.35 + 45.55, 181.33 + 14.17, 238 + 66.28, 180.82 + 26.72,
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154.54 + 20.63 mg/dL = CHO k& - ¥ g3 0.25, 0.75 1 2 1 mg/mL &%) 4p st

R tad

Negative £ %5 F# M TG ER » Aa 3 1mg/mL chlew 3 FRF oSk o d Fifl
T UEED LR I TA-DLM Nms 5 24205 > B iy B 2 & > 3P TA-DLM Nms
BT v Ry T B ok o

Ble - ~w+tA~pwn g HDL %2 LDL % % o 5 L & HDL g% ¢ > Negative &
e F ke s w Ay 128.13 + 9.54, 106.1 + 37.66, 119.98 + 32.37, 123.44 + 19.58, 114.44 +
137 mg/dL o HDL kA - ¥ ME% 5| 29 % 2392 Negative e B F L B M4 - ¥4
LDL en% % ¢ > Negative 2w %2 f S e A W &7 39.63 £ 1.57, 41.17 + 4.36, 45.58 + 5.02,
41.14 + 18.89, 28.66 = 5.32 mg/dL 7 LDL jk & - ¥ @2 1 mg/mL % %] 4p >t Negative &
Wi FRFREGOLDLER - A8 5 1Img/mL shewd FEFEDEE od P iEEET
15 TADLM Nms 57 ¢ B8 HDL e % % » 7 mddefd S0 ¢ ande 47330 %
1ok 2 HFD #73%[92] » @ & LDL @ chig % v a4 Tk & 2 TA-DLM Nms # /5 »2'%

MM BRI S B > S Bt g B F ek F A
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4 = 1o BHP MASLD #0397 8% & #h it

Groups N Week 6 Blood glucose (mg/dL) Week 12 Blood glucose (mg/dL)
N=1 581 548
Negative N=2 536 575
control N=3 461 585
N=4 544 High
N=1 548 High
0.25mg/mL N=2 549 High
TD-Nms N=3 505 High
N=4 583 High
N=1 485 428
N=2 572 High
0.5 mg/mL i
N=3 503 High
TD-Nms )
N=4 429 High
N=5 492 High
N=1 515 High
N=2 473 High
0.75 mg/mL .
=3 465 High
TD-Nms _
=4 487 High
N=5 558 565
N=1 522 482
N=2 477 High
1 mg/mL TD- .
N=3 544 High
Nms
N=4 497 534
N=5 548 High

(High : s # (8 42 46 & B H 8]+ ' 600 mg/dL)
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250

200 -
) *
N i i
0 T T T T

Negative 0.25Nms 0.5Nms 0.75Nms 1 Nms

WezL= ) B MASLD B3| 5385 AST &% o
(*p < 0.05 significant differences vs. Negative, respectively)

—

"N

<
1

AST (U/L)

150
100 4

~

—

—

)

R

5 * ok
SO- | i [

0 T i L] T T

Negative 025Nms 05Nms 0.75Nms 1 Nms

Wete ] B8P MASLD B3] i85 ALT &% -
(*p < 0.05, **p < 0.01 significant differences vs. Negative, respectively)
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500

400 -

*
N i i
0 L] L] L] T

Negative 0.25Nms 05 Nms 0.75Nms 1 Nms

Weti ] &p MASLD 535 % TG ¥ % -
(*p < 0.05 significant differences vs. Negative, respectively)

I *
0 T T T T

Negative 025Nms 0.5Nms 0.75Nms 1 Nms

Wzt ) 4P MASLD 3% #5% CHO % % -
(*p < 0.05 significant differences vs. Negative, respectively)

el

=]

(=]
1

TG (mg/dL)

CHO (mg/dL)

—
=1
=]

L
(=)
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200

150 -

L

Negative 0.25Nms 0.5Nms 0.75 Nms 1 Nms
Bow L= o) 8MpA MASLD 73|95 3#% HDL 2 % -

80

HDL (mg/dL)

L
=]
1

60
= 1
Bh
540 .
fk

]
A
—

20 -

0 T L] T L]

Negative 025 Nms 0.5Nms 0.75Nms 1 Nms

Bz~ BHp MASLD #-3)9g385% LDL &% -
(**p < 0.01 significant differences vs. Negative, respectively)
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4.6 TA-DLM 2 3k &4 $t-] & MASLD #-3] 3 35 enfs

bRl E A 3 2 TA-DLM Nms )k & £ > 2V i -2 * 1 mg/mL TA-DLM Nms % % & it
FRlRE R 0 { #32k R 2. TA-DLM Nms 47 4 p:& » Bl:EH ¢ 272 2. TA, DLM 122 TA-
DLM Nms # £ $43t MASLD #8p #03] cn g 58 - F]pt 54k & HFD 12 2 % prad = /| &
MASLD 3] & » £ » %2 [P 18+ it = &4 & (0.5 mg/mL TA, 0.5 mg/mL DLM, 1 mg/mL

TA-DLM Nms) 3] WP SE = F TR 0 R
461 B MASLD #2435k 2]  HE ~ iR EE 2 WEMEV BI%S

]%]E_L,prﬁv%é,] m}ﬂllj"ﬂ".l£F\E§—q|]&L o K Blw L4 Ag—}iBm
Mg N F S HFD M2 R pACK MR S P L B A4S E HFD M2 % péc
ks g o) B k A B L4 C & D i & T g ek Bk p 2

% s gﬁigfg—g’\pﬂgwﬂ o kit hBe +4 E mJ-% I h k& 5:F HFD 12 2 %ﬁﬁlé)r\ ki

—m\H

RRORE AR 6 PR > B2 B § IRP R enR I R TG g 8 R e
PAIRATR o

T BB Bt Al 2 O BRANE b 0 AP SR R E Bicp i
EHER BT L5313 % 12%8%3 20F8MELY ART - 2L MERRGE
FUE 12 WEMRTAMERN LR o R E LS Y > Control Je i 12 3F#0 3 29 %
S FaRE * T 259 3 3592 F > @ Negative 222 3 29 5% & (TA, DLM, TA-DLM
Nms) % 12 k&3 29 sFdL#p FFerfi € 4 7% 5359 3 559 2 A - ANOVA 12 2 Tukey ¥ {4
T 78w Control ‘et Hep 4 5 FHFIAE > 5 Negative 22 3 2 F e ™ a g ¥
BAR BT - 2 MEHE T idp. BT AP g% > Control 2t 29 s dL gl & 3 £ 5

X3t 130% > » Negative 22 3 ' et 20 & cH & # £ % 5% & 150-160% -

‘EN‘

ANOVA 112 Tukey ¥ {ét %~ 1788+ Control ez H 4k 4 o5 FRFH L2 > @ Negative
% k

B 3Pk ARFLALL RS AAR T &S HFD 12
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MEMEHM LIS FUDLE > BAR G A B{op A LR B EARE (BT - A B,

C,D)e ¥ehzh %% s M1 SABEHRF T 4 XTI AR s 7 e HBEZA LA RFRE -

FZE

BEAPEH D L u2 e R U ZRE M E N G BT Lo 5 b REE R R

N
£

Control ‘=22 Negative & 4 %] £ 77 1.35+0.08,3.06+ 0.53 g s+ € & ; 3 ‘o F % o
437 281052,272+06,261+069g 5 REE o 7 1R T| Negative 27 3 29 % e
2 FERE B AP ¥ Control 25 F A ¥+ 2 ehd% 5 3 2 % =R 4p >t Negative 2 F ok
RTRARR R T ARFEAR BFAPRLL) ﬁﬁﬁ?“*’?ﬁéi% MY RIS =

SAFE/REE v 5% % > Control &£ Negative ‘24 %3 ¥ 3.92 £ 0.25, 5.7 + 0.72% =" F3%/44
b 3P ER AW AT 537£0.71,5.61 +0.27, 458 £ 0.44% s FER/RR E v B o 2
SRR E e R4 o Negative 247 3 2 F % w2 MR8 £ B4p ¥t Control 23 ¥ ¥
A g o ¢ 3 g% e R et Negative s f ¥Fax LT % 484 0 @ W4 TA-DLM
Nms #p %>t Negative 25 FHFME AR o Nt enB 5 WP T35 (1) & HFD m 2 %
PR RaEET o R HEHA) R FRE & 2 R L bl S - (2) TA-
DLM Nms £ # " M358 & £ 12 2 B2 BOF/R € 0 b eiEd o
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Wet4 ) JBp MASLD #5033 385 BSHELIL 2 pO5R~ PF5RF) 1 -
(A : Control k=] & ¢t ; B: 4 & HFD 2 % %@k k-] &« g 5 C: Control -] & p %3]
fi3D:4& HFD 12 S pE&i-k | BN %M 5 E: 4 & HFD 1 2 % pEdi-k o] 8UF%0) 1)

103

doi:10.6342/NTU202403205



Body weight (g)
s & & 2 2 3

—
o

1

180

—
(=]
(=]

140

Weight gain ratio (%)

100

il‘_.L_

1)

-
1

ek bt b *E

—0o—Control

DLM —e—TD-Nms

i

dkk ok
Hkk
o g FEE REE REE k¥

—e—Negative ——TA

1112131415161718192021222324252627282930

Week

Lo BAR MASLD #5323 im0 £ #cdf -
(***p < 0.001, significant differences vs. Control, respectively)

—o—Control

DLM

/

A
>8

—e—Negative ——TA

—e—TD-Nms

A7\

£
O
T

gl

121314151617 18192021222324252627 282930

S RAEp

Week
MASLD 73] i 3% € 3 & S #dp

(***p < 0.001, significant differences vs. Control, respectively)
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Liver weight (g)

—
1

.III[

Control ~ Negative TD-Nms
WI-Ls ]8R MASLD ¥4 3 #5897 %E £ ¥ -
(###p < 0.001, significant differences vs. Control, respectively ;
***p < 0.001, significant differences vs. Negative, respectively)

10
—
X 81
—
Qo
=
<
. 6
+— -
E‘D #
= *ox
=
Z 41
=
£
~
S
2
22
—

0

Control Negatlve DLM TD—Nms

W7z} MM MASLD $-3) 3 385 £ /M £ v blidkcdf -
(###p < 0.001, significant differences vs. Control, respectively ;
**p < 0.01, ***p < 0.001, significant differences vs. Negative, respectively)
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462 /) B MASLD #:3] i #5%%] = 4 ib i 18 71

O RGO Y RS T E 2 RE R 0 A BRI BRPE
HAWFREA 2R E 2R mind e RE S R SR AR -

BItwe s 2eFp @iy (TG) 7 £.5%% > Control 2 Negative o4 %] £ 7
5.49 + 1.28, 10.11 + 2.11 mg/mg tissue =¥+p TG 7 & ;3 2 F FH e p|~» w4 B 1 85+ 1.06,
9.74 £ 2.03, 7.93 £ 0.53 mg/mg tissue " Fp TG 7z & o ¥ L% 7] Negative 222 3 2 F 5% &
z 3 TG 7 24p4> Control 25 F A ¥ 1+ 2 hagd | 3 2 f % 2 pl4p# Negative 3

Fok 2 TR adER > KA ) TA-DLM Nms e %] o v/ B %30P 1 4 3 %% © (1) & HFD

S R
O pEACREEET > FER € B FR LA R R TG 2 £ - (2) TA-DLM Nms £ 5

E N P s kS o BT U MASLD Ao ehie o 4 e
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15

#
##
o~
o
2
2] idid
= 10
on
E
b
sk
g
2
= DT
%
2
—
0 T T T T
Control ~ Negative TA DLM

1

#Ht

£

TD-Nms

4w o) 8P MASLD B4 A 335 h = peH d % 5 83} -

(##p < 0.01 significant differences vs. Control, respectively ;
*p < 0.05, **p < 0.01 significant differences vs. Negative, respectively)
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4.6.3 -] 8 MASLD l‘,éﬁ&%eg\*r‘;‘k\ﬁ“%

oo H) Bl MASLD #03] 3 sk g 2 471 > AP 5 7 7 f2 TA, DLM 2 2 TA-
DLM Nms #3+3% 03] erdF g p fRm e e 58 > FIM 4 bR B B H e S 4 AFE
3.7% 48 5 +% (37% Formaldehyde 4= PBS 12 1:9 st iR &) ¢ » 22 24 & 48 /| s #E# 3
PBS ¥ » ¥ 4°C BT g c FRLEIHFLFHGF AP F Mol g e Bl (7
H&E §- Picro-Sirius Red % ¢ 4 47 o

RI-+7 5 H&E chiesid % @ 5 Lt g Control 2 (R17 -3 A) ¢ Negative = (]
I3 Bk v 2T Negative 2P &5 F{ S o fechz FIRA P & HFD 1 2 & 4%
GORFER TR A TR TR T FARRKRS o HF VR TA DLM 2 TA-
DLMNms & (Bl -1 C,D,E)» # m@E% 3 TA 2172 TA-DLM Nms (2 1 3 = 6 f 9
PARm fF 0 Rm DLM 2 A 2 #3205 2R R AR 2R - 328 %3P 7 TA 12 TA-DLM
Nms £ & *§ M3 2y B eged o

BT EENTERE > Bl B2 H&E hip ey B B R
Image) #ABiE (7P 3n MR &~ $7[43] 0 B % 4-B T L = #7571 : Control %27 Negative i 4
w4 37 30.67 £ 7.72,58.48 + 3.95% rpiag iR oM 3 EF B EP AR 47.73 £ 2.67,
57.13 + 4.6, 39.81 + 5.94% i AR IEARR - HGZ e % T g LB AT Negative 23 ¥ 5 ¥
%3t Control 2erasng ek » B EART T2 hit - BEFALI BEFHRESNEE? TA
2ri 2 TA-DLM Nms % 37 B F i MARR e A% 4428 ¥ DLM 22 Negative e & &
FWAE P TA 22 TA-DLM Nms % #7595 B ff chit 4 o

BlZ -+~ 5 Picro-Sirius Red thie 5% 4 » VUL T H #h 4_Negative & (BT -+ -
B) %2 3uds%e (1L~ C,D,E)aA st Phidicd 2¢ hi I » 3P & HFD 11 2
MG R A RGN T Y 302G MR e (Collagen fiber) 2 2 - Tty miFg il g g

A7 3 P f Eﬂft’“w#'ﬁ“mf‘}?&ﬁ: % MASLD @ 2 MASH - ¥ ¢t 4.3~ TA, DLM 12 %
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TA-DLMNms & 3 ¢ § &4 2¢ HBA2 » M 432k & % F2 TADLMNms £7 ¢ @

SR A G B o

(A: Control = ; B: Negative & ; C: TA % ; D: DLM ‘= ; E: TA-DLM Nms %) o

100

80 -
)
a\/ Hit# oo
§ 60 -
d sk #
2 koK
=
% 40 EE 3
[
~+—
w2

20 A '

0 T L] T T
Control  Negative TA DLM TD-Nms

W -+ /) EHP MASLD 3] 4 385 H&E 287 3 s R 42R £ 47 o
(#p < 0.05, ###p < 0.001, significant differences vs. Control, respectively ;
***p < 0.001, significant differences vs. Negative, respectively)
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W zt- /) &ZMP MASLD #3435 Picro-Sirius Red %7 5 % ¢ B % o
(A: Control = ; B: Negative % ; C: TA %= ; D: DLM ‘& ; E: TA-DLM Nms %) -
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464 -} B MASLD i3]l i % e R A 1T 8 5

ER AWML R OE P EHR RV POTRE E /L B PR R TA,
DLM 122 TA-DLM Nms #+*t MASLD | R 2t end B P85 ® > Tt o) B 12
FEPFIE (T URER . T % AST, ALT, CHO, HDL, LDL, TG & 7 o ig &4 it & 47 o

B+~ ~3 4 A% 5 AST, ALT s % o 5 L & AST g % ¢ » Control =&
Negative & 4 %4 7 76.1 % 16.76, 347.97 + 97.48 U/L 1 AST k& » 3 2 f ZH e P~ bl & R
7 240.25 + 37.9, 136.28 + 32.13, 153.73 + 38.05 U/L 7 AST kB - 7 £ ¥ 12 @2 5] Negative
EApgt Control 25 FAF F 2 a4 > WP & HFD + S 4K 80T o 9w 5ga
AST & 7 F 1+ 2 adgd ) ¥ v B RT3 2F % eioip i3t Negative 25 ¥ 8 F 7 "% o
AR P 3 & eV T d HFD + R pEakeTA L ShE kAR 2 AST - ¥
ALT e % ¢ » Control ¥ Negative % & %] % 7 26.98 £ 5.9, 723.77 + 46.72 U/L 1 ALT

KR 3 EFREP AW LT 212,68 £ 59.86, 157.48 + 42.27, 159.9 £ 36.51 U/L < AST k &

o

B A7 %) Negative 248 $>° Control o5 F A F F 2 end%t > 3P & HFD + % pi4c-k
FERST A ALT 25 ¥ A A8 D B EFV URED] 3 B F sk esip it
Negative ‘2.7 ¥ A % & " chAd %t - P 3 fAid% 4 o7 T % d HFD + S @a k4 2
g kR 2 ALT o 7 L7 23] Negative 2 4p 2>t Control 23 ¥ A8 ¥ 7™ "5 a4 > XA
3 &9 B e3or Negative mu|m g F LR o

B>+ ~2-L-2%5 CHO 2 TG thi% - 4 & CHO % ¢ > Control 22
Negative 4 @& 7 91.78 + 8.87, 222.77 + 69.75 mg/dL «» CHO k& > 3 2 % 2| & 4]
# 37 243.39 + 27.04, 216.69 + 38.97, 216.81 + 36.02 mg/dL = CHO k& - ¥ M g2 1
Negative ‘= 4p >t Control = ¥ & ¥ + = codf% > Rm & 3 2§ % 202 Negative = & &
FHAR - ZREFRPIZFEI ST IR 2 LS CHO RR > e 3 A%y F
F7 ¢4 CHO 3 ¥HFFF - £% & TG 1% 7 > Control ‘2#7 Negative ‘&4 & 4 IR

26.25 + 6.16, 71.33 £ 195 mg/dL 7 TG JE R » 3 eF Sk ef| A~ % £ R 7 245+ 543, 21.46 +
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1.49,32.82 + 7.9 mg/dL 7 TG jk B o »t3% % 7 2 g 5| Negative e 4p #13¢ Control 2§ %
Ry b A a4 o ¥ 3 e B eAp ot Negative 25 F A F T ol o 2R ERWP T %H
oA v R L 2P PEATCER » & SAFEKF T Y G2 K2 BTG IER -
B> +- ~2-+=4%i HDL 22 LDL ¢ % - § 4 & HDL ¢hi % ¢ > Control ¢
Negative 4 |4 7 76.12 + 4,99, 96.47 + 1.33 mg/dL =" HDL (kA > 3 ‘29 sk e f| 4 b &
5 163.8 £ 17.62, 148.38 £ 24.02, 145.18 + 22.24 mg/dL = HDL k& - ¥ 2 g2 3| Negative
Apt Control 25 FAF F 2 adbd > @ & 3 29 % 2P| Negative 27 F¥ ¥+ 2
ABE R FRP TZFE ST KA 2B o HDL ER 0 A 3 MRS H L ik
A2 HDL et b o 3 e %y AL S ehid o B ¥ & LDL shi % ¢ » Control
Negative 4 w] £33 1157+ 25,7463+ 7.78 mg/dL <7 LDL kR » 3 2 F S ep| A~ B &R
7 5851 + 10.88, 50.43 + 10.88, 50.87 + 7.09 mg/dL =7 LDL JE & ° ** %% % 7 LR R 1)
Negative = 4p >t Control 5 F & ¥ F 2 codg$ > ¥ 3 5 % e jp >t Negative 25 ¥ &
FUROARE c ZRERP TEZFE AT IR S 2L M LDL kR 0 F 3 %P

Feosg s M2 & eh LDLIER o

-

FEANU L RA oSk o WU E T B% (1) A HFD 22 R pEA-k e T
BT s P TR R R MR R Y B¢ X DS (2) TA, DLM, TA-DLM
Nms 2B 71 2 FAZR 2 w4 2c% > Rd TA-DLM Nms # /25 BRApf>TH 4 2 { 5 8

F2 ek o
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600

-
400 -
i
4
200 e -
0 IiI T T T |‘I T |‘|———
TA DLM  TD-Nms
W+~ &P MASLD #3585 AST &% -

(##p < 0.01, ###p < 0.001, significant differences vs. Control, respectively ;
*p < 0.05, **p < 0.01 significant differences vs. Negative, respectively)

AST (U/L)

Control  Negative

900
HitH
600 4
—
~
-
-
H~
é e
300 4 ok
? Hpn Hi#
sk & kok
0 _ T T T T
TA

Control  Negative DLM TD-Nms

WIt4 -] &WMP MASLD #3538 5% ALT B % -
(###p < 0.001, significant differences vs. Control, respectively ;
***p < 0.001, significant differences vs. Negative, respectively)
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400

- I ' I I [
0

Control Negatlve TD Nms

W=+ ) BHp MASLD #3155 #% CHO % % -
(###p < 0.001, significant differences vs. Control, respectively ;

[F5]

[an)

(=)
1

CHO (mg/dL)

***p < 0.001, significant differences vs. Negative, respectively)

100

80 -

B ' ' ' I [
0

Control Negatlve DLM TD Nms

W= +- R MASLD A E% TG & % -
(##p < 0.01 significant differences vs. Control, respectively ;

[=))
<
1

TG (mg/dL)

**p < 0.01, ***p < 0.001, significant differences vs. Negative, respectively)

114

doi:10.6342/NTU202403205



250

200 - Hit
o it #it

* %k %k
HiHt
&k
50 A I
0 T T T
DLM

Control ~ Negative TA

W= -+= ) &P MASLD #3735 #5% HDL & % -
(###p < 0.001, significant differences vs. Control, respectively ;

—

N

<
1

HDL (mg/dL)

TD-Nms

**p < 0.01, ***p < 0.001, significant differences vs. Negative, respectively)

100
H#it
80 1 #i#
5
Hi#

= 60
b
g
S
E 40 -
—

20 A

a3k ok
0 - T T T T
Control  Negative TA DLM TD-Nms

B =Lz ] 2P MASLD 3|55 3¢5% LDL &% -
(###p < 0.001, significant differences vs. Control, respectively ;
*p <0.05, **p < 0.01, ***p < 0.001, significant differences vs. Negative, respectively)
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$7F% BEH% - SHIAKEY
5.1 %% 34

AEEL R S S E R R B R A BRI R B LR A R iR e
PBS, SDS, Triton X-100 ;3 i ¢h= ;*B~18 DLM & & > ¥ f'5 4 DNA & 47{5 7 12§ 50 f 4
fPkihz DLM tR&H ¢ o0 DNA DR &R ¥ 7 8 F T "8 % > P 22 me L AR 2 5 it o
d W ELEAAE PR Z R p it AP ATt gL DLM &7 8§ F % o

#3%75 & DLM &R e - i1t > B8 4F PEG | DLM i J7 1 g
MH AN Z AR R 2T I FT-IR B34 477 DLM # 5 2 mPEG-DLM # 55
ABM > 25K A MPEG-DLM 4k 5837 C-O Hegenl F 4 > 3P A7 & # ¥R
S 24T DLM 1 c EFA PRI kR DIM 52 E R & - wRld F 58 &
ZAHEF A MR S0 o AT JIF DLS Rl EER RIS ] 0 KEFBRRIIEFE
MHEBpLZ2 DLM kR - 2 3F %#mtuyg'&i? el o A BRI S ] #Y A F R

Bzt b pia JE&F R R F Fdhk kA (2.5 mg/mbL 0 TA 22 0.05 mg/mL

H1DLM) - B FA PR E T 2374 F Ep R AL L P> TP AT I7 1 TEM $372
FER e ERE A EN PR T URBI I RES S b SR G SR

HAPRE AN ER R ) R LR AP - BB A P H TADLM 2% 5 #
PieFESERORRE FRARET F FHRERROL 4 O BEANEF RV ER
Fret A TR B FHA I RAEF R EFT Y o

BFAPHEZ TA-DLM 2 F 53 o~ FIRE sk anficd] @ > F AR P A dg 2
MASH 75 & 7iPS im#e 35 % & 9w %z 15 > i@ {1* 5 MM ju fe #6952 3 & 2 MASLD #%
g o £ & Pl TA, DLM 12 2 TA-DLM 2 F &5 3032 e 03] A4 5 ~ e 8 +
FEF A& MASLD #3022 2 + 7 0 A i+ LB T4 € § P AR a9 lm e 57 & e )
BARBDREEF R s fFenmie k= 42 > 7 & OA FERBLL T Rmie & TA,
DLM 12 2 TA-DLM Nms - Fe 33 4 » 3 3 3 B354 1o A wre 2 £ > Frd| % 6 f
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ks e O T BURB R ARG AL R R FREFL AT o T
BLET G FHFLDH F 2ok > ZHAMP 7 bmMOA g R kB ™ § ¥ iPS e 4 &
2 A A BF D kS o 200 A A e k= R FT Y Eﬁﬂ*é B 5 oenrg R T
dn e TP > Wlmie b A AR B ARY €T 5 S ihkd ek BAEBE ) § S
N g AR FE Ap Tepr REE > AT Ry F & (unfolded protein
response; UPR) » Fe ¥t B P B /R 4 2 % e 3= [93] - @ & 3 fEi#s% 4 Heh LDH &% ¢
7oz ] 1 pg/mL TA 14 %2 1 pg/mL TA-DLM Nms &7 #8 iPS fmz cnfcd] @ 355 F 8 ¥ '
< LDH 4 38 5 P H¥red|mre B = g 4 o 2 97U H7 e e 2= R F 3t TA
BB AT AMPK pathway "% i B /R 4 sem freqlimiz k= ok K[94] 0 A A %
¢ TA 2 TA-DLM Nms ¥ & s ¥ L B - F AP Hhigpllmerg £} ‘}%in”é—?'—. ? o

AN
Rk R H TR AR B HCU R SR 8B R 1 o F L7 BB A 5 mM OA

Y’EL

AT 0 REARE G HFE AR o R A RE LT E T R FIALF]L § i
S A RHER 1S 0 € MO Y g s A 0 PR T R R hE & o A
Rk eyl gt S[A3] o A B 3B S FRR Bk Y TR AT Lpug/mL TA 22 1
pg/mL TA-DLM Nms & iPS w? cfic3| @ 555 FRHFR D PR F 2R - 2857 Eﬁf‘ﬂ”‘s?
TA A& LG i pd o2 G IR U S i B R R R o PRI R R
i g oo @297 TA-DLM Nms ¥ 11 3 g chw ek Pii chR F 2 H 3 K 2 4wz
DLM }ehf S PR HARE bitme e B el ? chd B - BREFAPHZHA Y ¥ - 557
Wi g -0 e BEF AP UE LE AT FAT URBEIAESMMOA GREET 0 9 R
AR e BHES AR o 9 Fv AR B 2 4TI g T chR FI R 3NiE S i ek g A 2
Whenfd AU BN FREBRS §TE0 30 chs £[05] 0 F € F A EFRINGE R A
B 3 ER%RP Tk ? 1 1pg/mL TA-DLM Nms #3743 ¢ ¢ § B FRE hi > % 7
BT TA $20 s e ARG 7 S dpenin 4 2 b e ¥ P 3Rz 3430 TA-DLM Nms
T OERF PikE o # TA U F b Fmie oo e o

B A8 IPS e i 2 9wz e MASLD -] ekl oh im sk 6 0 SN P - o iR sk e

117

doi:10.6342/NTU202403205



HRET < B4 ST o FERPIA FIERZ TA 12 TA-DLM Nms #8327 504 e
Lod L BAFLSLE  VURRI NI IPRAFERFFLL D Fiew
SR PR € G e AR DA 0 @ fde » 7 1 pg/mL e 5 pg/mL 2 TA & TA-DLM
Nms 7 r2 B3 5] § AR R IR e WA RS TR g T H Y LB o ¥
APHP T 2w did cn DNA § B8 a 122 4¢P iz el 5 & DNA %7 1
ol g OA aif $18 > wie chie® € 3 A F L S ehdg% 0 & TA 2 TA-DLM Nms
VOB R MERARS o R z%%ﬁ@?Wrw?ﬂﬁﬁmibﬁwuy%m%ﬁﬁﬁﬁ4’
ot TA 122 TA-DLM Nms s g B %30T o B g drdliothamc s o BF APl
i iTA A 4iHkR] 0 F A A LDH Elani % ¢ T OB E T 1 mM OA $H5t & B4~ 5 4 3
e g A2 RF hwie A4 WP OA P hikieie Y A2 T RGE p FRR A B A e
A= 42k 0 @ 2 TA 2 TA-DLM Nms chis % ¢ ¥ BB 1|30 ¥ % < LDH & Hehig 4 2
1ugmL TA § Fh 5 BEFamrcsk o R 7 i enR 75 4 22 TAE 7 AMPK pathway 12 %
PN TR e o [04] o R FAPRER PR PR RRR SR T
é4@ﬁﬁ@ﬁﬂﬂOA%%%%%%%ﬁiﬁﬁwOAPNmeﬂvn#wﬂ?m%w
& feind e pEde AT BE TR ok A s[48] o A & TA 112 TA-DLM Nms 0 & ¢
| ¥ r1 % 5] 5 ng/mL TA-DLM Nms # 123 ¥ 5.3 ik kB > 3P TA-DLM Nms %8 &
it AMPK  pathway "% 7 d OA *TH R /R F BIRIrHIR % 0 2 4 b lobe 2 3 e
Bk o WA IR o B RHAAZAREDRERE > APRFRPITEL Y - &

pth 9 B9 BT - &IPS G2 Fme S R AR ok B4R RIFmE Y > OA

o

ik g Fls @+ Fmie pchg P TR MG oo ohE 2 > FUt 6 Fed s i g E 14[95]

. TA 112 TA-DLM Nms 0% % ¢ Bl¥ g2 3] 1 ug/mL TA-DLM Nms # 11 3 ¥ & 3 9
v kv kAR > 3P TA-DLM Nms % % * AMPK pathway "% <7 d OA #7# & ehv Fv A
PRI G > T L Ao b e ¥ A KRR Bk o MR e i c BEAP L T 2
TA 2 TA-DLM Nms 2 % % ¢ /& 1* AMPK pathway r4 gt i 3] 4v i #q B & Ferd a0 > @ 1995

@E_Q;I;Jc—v 18 4 |L-6 B fim e g 3 AMPK pathway eiaid v 225 5 F ik ApR enE &
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Flt gt b F e o IL-6 TR o T BRI & OA dEE T 5 IL-6 (AR EF FHF S
Mg o @ figd TA 2 &2 TA-DLM Nms o 5 € F 8% + 2 5484 > 1 pg/mL TA-
DLM Nms 3 ¥ & & chw 4 s % » 3P TA-DLM Nms 3 ¥ { ¥ «0{] AMPK pathways /8
Ao hisAPRTfEELE TA M2 TA-DLM Nms £ # % i mPe p 5q F 3R ff chaig 4 > F]pt A
PRET P lmie PRy FIAEE o F BRI A OA SR T € 7 B EF RS hig g o
@ et r T TA 2 TA-DLM Nms {8355 & ¥ imee p aig F3aff > 3258 %% =20 4
BACHL T LR > P 1 TA 122 TA-DLM Nms *% i B3 fg cic 4 o d A fE4g o
B AP (X AT PS v 2 Wamre 11 A 4 A 8 X B ) BlE T L it ehime d
AR L6 v 2 e AL endp RS % T BT D TA 12 TA-DLMNms % & & ¥
Frd] OA #7ig % enig H3LfE ~ e 4 012 w4l - @ TA-DLM Nms 4p >t TA
[EFBRRARFIENHAN FOTA KR LR TA § e ko iiag; d Mg 9wt §
BERNTA §F 4eid "ime k= ek [18] 0 @ 1345 TA-DLM 2 3F F4 @ R 5+
B TA-DLM 2 3 5 p 94 7 50% ch TA > 3P &dk » ek & «h TA 122 TA-DLM
Nms = > TA-DLMNms = 2 &g o is bk & S TAGA L 1 & TA R Sledpin 1 L L H o
ek 0 D BB AT Rk FAp i end L[96] 0 4ot i AEI T TA-DLM Nms shig %t

o

\'_'"_*

i
BRI FHROHFEL A PYFLEEMP R HRIKE o FAAPE T 2 TA-DLM
Nms 48 p cnd iz B R > Flpt 27 3 f1* 7 CH7BL/6J /) &ig {7 STZ A T iisf 2 & S
HFD i * MASLD -] RAE P FER5% 03] » ¥ vt 4 bk & 2 TA-DLM Nms | 2
o P ARNPYHO e Renhk PR OB EBRE - g AT WREId STZ Ff i
Fop Al ¢ R EF B [97] 0 Ak > xk R T e TA-DLM Nms 13 ¢ 4371
RBE ) FHFLNEE - BRFAPRE T FRFZAFENZFE/ME L blehg % 1 7 Y
B2 0.75 mg/mL TA-DLM Nms # 1/ & ¥ % M3F%HE # > ¢ 0.75 mg/mL 2 % 1 mg/mL
TA-DLM Nms 7 ¥ M3 FE /88 £ &) > 3P 0.75 & 1 mg/mL 7 TA-DLM Nms 5 8%t %%

MAFREE B oo HRIT A PR F1 5 TA-DLM NMs 5 38 4c i 7 hm 52 $350 55 B (8 e 4 0 '8
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MOFR P RN OPREE c B FAP L FA R REF R VA 0 &
AST, ALT =% % ¢ 0.25 075 %2 1 mg/mL 358 .1 T "% cndb% > 2007 i e 7l 5 TA-
DLM Nms /&% B 3R1 % p >0 TA ehpgf it 4 0 Ka & ALT 9k RS B @ fo AST b
F IR BEF[O8] - HFATRRY 4 FERF 2P TG 12 CHO 25 » #R 0.75
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BT OAHE  JHN 2P RaR TR FEFEFRE AL APRENARER
TA-DLM Nms #f*t HDL, LDL @258 » j&.% % ¥ gz 3] TA-DLM Nms #+*> HDL # /2 73
BEFRE > Img/mL TA-DLM Nms R %F LDL 3 ¥ % % & "% g% o Ft AP s P
e drenig % 01 mg/mL TA-DLM Nms 3%k B § FHa0F50s L F B 2 22 > DMy
Frdpagancdk o AP Ak RERFT BRA T 77 odr 0 JLH&E v iz
TR ST EET 1 mg/mL TA-DLM Nms ‘&%) 3 ¥ 5 ¥ & Mol FL‘” g AR ok
& 4345 Picro-sirus red cn & #F R T @Rtk KA 4 P AB /Iiaﬁf?‘;'] = MASLD #:3]m
2L MASH #03] o #2a B F & FFN anif XF BRI - HRFIEF I D8R
FREl o SRE B REF NS EAPRE 1 mg/mL TA-DLM Nms &+ % #een & ¢ £ AR <
TP s (6 A Esk A BPIEER o

FEFAP S 1 mg/mL TA-DLM Nms 454 52 3 2F 5% % : 0.5 mg/mL TA, 0.5 mg/mL
DLM 12 2 1 mg/mL TA-DLM Nms 3% » 3|2 HFD o % pE4c-k % %1 & MASLD ##p 438
BRPCA Y R FHOT IR R e F AR P R RO EEHO B R

& HFD fr% pEéc k5 S5 WE ¢ ¥ > 4 TA DLM 2 TA-DLM Nms 5% ¢

-

beitd
=g
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~=\
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TE
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SEFAPOURIFRLE N EFEMEE N Bl % > F L & HFD
e A kA ETFRER EFHF RS Ra 3R BaHTREE AL Y
AR o QAP AR FE/REE L BIPES TR TA-DLM Nms & 2 7 B ¥ %% Mo $ > 3%
P ApEAT TA, TA-DLM Nms £ ic § 84305 MO A ot & 5 427 & en T8
%% TA-DLM Nms if % - f& stealth nanoparticles #d # & ehz ot < & L& B B4 & EiE
* FFHEY e re Bk TA T P Fm e [42] o B F A PN EC EHECT SR Z fe Y
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Fpehlg k0 BT TA-DLM Nms § ¥ 5 ¥ i a0 ) = B+ b 7p 7 2 5L L "8 i cnd g
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CHO 24 BFHEE > » & TG R E 3 AR%F FH4 M1 EFE T au$ - ZH5H
PO R TR SR L P e g R L S OERIM AN iR 0 A od AT AR
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FoRd 7R AT HEE h Tt 2 TR hig % 7 L ET] TA-DLM Nms (e 5] 5 % 8 ¥ 5
Mo Sy s AT R o B (54945 Picro-sirus red shg % F R T R E DF A LT 4
K & oA H A 5 MASLD #53] @ 2 MASH #:31[99] 0 23 @ (5 M 5 & & (79 chg LK
B i H RS R R SRR FE B R NE R A PinE TADLM
Nms %= % #icens & ¢ 354 7 £ 3 7 8 ¥ 5% MASLD fﬁk-‘f}%ﬁ’lii% .

KoL eEm g @ 7 o E] TA, DLM 1 2 TA-DLM Nms $5>- 48 ¢h 12 2 g0 503 @ 4w
W4 FLp NS PR KA AP #2 MASLD #a 5 TADLM Nms L4 s § 1

Y e T i&w* TA A2 A MOERPFE | 24 cnfig (V430 Ra 952 )I?c;} I H AR
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F o AU REEF - PSR TR o AT TR Y 8P ik Fird ©
AF L KA E M B S o 4 [51] e ¥ ¢ i DLM Hk A gl Ed 2 H A A )
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LS FT Y Y F RS P FI[84] 0 A & MASLD HA| chiak ¢ 1vak £ f sk ok o BF
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I M A R S AR AL eniE Y o BB R F] > APim: > TA-DLM Nms

L5 % o MASLD # s s B4

122

doi:10.6342/NTU202403205



5.2 &%
AEFHETEEARREIARE P E T HBRE I R a4 B8 H pRe
in e (L FSEE TRl A TA-DLM 2 o #4545 ~ 3] MASLD #h 12 2 Jip A om A & &
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