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Abstract

Dietary patterns high in sugary beverages and low in fruits and vegetables have been
linked to the increasing prevalence of chronic kidney disease. Recent studies have
identified adenine as a mediator that induces kidney injury in mice. This study
investigates the effects of fructose and folate on renal function in adenine-induced kidney
injury murine model.First, we established a mouse model of adenine-induced kidney
injury. 28week-old male C57BL/6 mice were divided into three groups: (1) normal diet
(Ctrl), (2) low-dose adenine (0.1% ade), and (3) high-dose adenine (0.15% ade). After 6
weeks, both adenine groups showed significant increases in kidney injury markers, with
less weight loss in the 0.1% ade group. Therefore, 0.1% adenine was chosen for
subsequent experiments. To explore the effects of fructose and folate deficiency on renal
function, 7 week-old male C57BL/6 mice were divided into four groups: (1) normal diet
(Ctrl), (2) high fructose (Hfrugde)), (3) high fructose with adenine (Hfru +ade), and (4)
high fructose with folate insufficiency and adenine (Hfru-f +ade). From the age of 22
weeks, the mice were treat with 0.1% (w/w) adenine to induce kidney injury, and were
sacrificed at 44 weeks of age for analysis. The results showed that both Hfru and ade
groups showed significantly increased water intake, serum urea nitrogen, serum
creatinine, urinary protein, renal fibrosis areas, and immune cell infiltration. The Hfru-f
+ade group had higher levels of urinary kidney injury molecule-1 (KIM-1), indicating
that folate deficiency exacerbates kidney damage. To further investigate the impact of
fructose and folate supplementation on renal function, 8 week-old male C57BL/6 mice

were divided into six groups: (1) normal diet (Ctrl), (2) high fructose (Hfru), (3) normal
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diet with adenine (Ctrl +ade), (4) high fructose with adenine (Hfru +ade), (5) high fructose
with  low folate with adenine (Hfru-f +ade), and (6) high fructose with folate
supplementation with adenine (Hfru+f10+ade). From the age of 18 weeks, the mice were
treat with 0.1~0.2% (w/w) adenine to induce kidney injury, and were sacrificed at 25
weeks of age for analysis. The results showed that the Hfru group had significantly higher
body weight and liver fat compared to the control group. The Hfru-f +ade group exhibited
significantly reduced renal function, while Hfru+fl0+ade significantly lowered serum
creatinine levels.These results demonstrated that high fructose increases liver fat
accumulation. Low folate exacerbates kidney damage by increasing fibrosis, while folate

supplementation can mitigate kidney injury.

Keywords: fructose, folic acid, adenine, renal function, fibrosis
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AA Aristolochic acid

AKD Acute kidney disease

AKI Acute kidney injury

APRT Adenine phosphoribosyltransferase
BUN Blood urea nitrogen

CCR Creatinine Clearance Rate

CKD Chronic kidney disease

KIM-1 Kidney Injury Molecule-1

MTHFR Methylene tetrahydrofolate reductase
NGAL Neutrophil gelatinase-associated lipocalin
NKD No known kidney disease

SAM S-adenosylmethionine

sCr Serum creatinine

|819[0) Unilateral Ureteral Obstruction
2,8-DHA 2,8-Dihydroxyadenine
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L 5P R o S 4k € i » TCAcycle 2 = citrate> d # 5UEHIE » Pz F o 2R 18 (5 d ATP
citrate lyase it * > 24 = acetyl-CoA » £ 15 i5d acetyl-CoA carboxylase 2 i& » g 3%
4o Fobs SRR e S d ¥ - iER T2 {7 denovolipogenesis 0§ < & FAEE >

BE o A S BT B AR e R L e sk (L & F_acetate)
(Skenderian etal., 2020) » ¢ 1% B+ #7%1F 1% 1 "% > i d acetyl-CoA synthetase 2
(ACSS2) #- acetate ™ Fri acetyl-CoA» 3873k & = o R 45:E € B4 P ik & A 8

#-3A %] ChREBP-B 4c SREBP-Ic ik » Rigry 9 & & v % (Jung et al., 2022) ¢

Fructose Fructose Fructose

wGLUTS m GLUT5

Fructose

(v | (e o

F1P

N (et 168)

Glyceraldehyde DHAP

mP

GA3P

ENTEROCYTE
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I
I
|
I
I
ﬁ@ GLUT2 :
1
1
I
I
|

%GLUTQ GLUT2
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SREBP-1¢/

KHK-C l KHK—A ChRE[.SP

F1P activation
AIdoB l ACSS2

Glyceraldehyde DHAP -
Lipid g
GA3P . synthesis Acetyl-CoA
(DNL) ’A

Pyruvate ACLY
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W 1-2 %4

Fig. 1- 2 Fructose metabolism. (Jung et al. 2022)
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=~ it
RS PR S 0 GLUTS A 3FATs A% B B8 RS Gd B
w2 b e GLUT2 & » "R 9% > B {8383 3 995 o GLUT2 #5 g aiied i

FUbE o GLUTS 2 & ] %o T8¢ > 70

A
=5
3%?
ﬁ’i
(‘-ﬁ
‘ﬁt
*“*“G
!
-
—h
1

Aoz GLUTS > @ GLUT2 i & (30 350 050 55 5 ~ B %K{r 7% (Ferraris

et al., 2018) -

T~ R RS AR

FER HREEEFRELS? T O HRAFRERRREENL > 19-64 &
* A L iaE e R T 7 AR (R ¥, 2016) 0 Ry EASRE 5 10 & p
O R EIE597 R 2T 1286 o 0 (AR > 2024) 0 ZAEAHEL S SR H
BRI T AARIR 0 7 S5% %R AS% T E M 0 BT S kR p b

HME T EEBEHILABE SR E

(=) ZHIFp g sE

PLIFPE L A A T e Py R R 0 (S €GB B R
L " NAFLD ¥ i¢ ¢ 3¢ = 0Ff it ~oFghamit » 3 1 3¢ = % w2 % (Yki-Jarvinenetal,,
2021) » S AL 5 GRS R S P I R R L 0 S IR LH B P e (Myers
etal,,2020) > S AFEAIFRS FRGEEE L FAIL T NERF N B E S EET]S
SREBPIc > ¥ *ts ¥ 10 &4 7958 FGF21 & = (Tillman & Rolph, 2020) > & - # %
fusFgER K i & e (N BoR s & 2 4 F] S5 ChREBP UM% % & & fv VLDL

#:¢ (Taskinenetal.,2019) o I¢ ¥ ChREBP ¢ #r#| PPARa {v¥q "5/~ fi#id 5 U4 %
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% Carnitine palmitoyltransferase [ (CPT1A) i& @ Frd|Pg ¥0 4 (& > 11+ 5413598 =& 3+

B e A 0 i = Fq %% (Incietal., 2023) ©

(=) %= ABRR

P2 AR B A R L B F 2% % 14 (Galicia-Garcia et al,
2020) > B 4E § B e P PR HE > R bR ARLF R > e a Febln R
SRR AR GO A RS ) i TR R B A R C AR

(Jung et al., 2022) -

(z) #RMLE
% #3189 KHK 32 fructose-1-phosphate s* 427 & % & % 3442
FE &g 4 ATP > w¥e b phosphate > ¢ /& * AMP deaminase ¥ 3 AMP
#it 5 IMP I fljc/kphehA 4 (C. Zhang et al., 2020) « ¥ ¢b 5 FRfid B & 4 dE AR Y
g4y (R4 ~E p38 -~ NF-xB -~ inflammasome ~ MCP-1 » ¥ % W 5 J&

(Johnson et al., 2023) -

(=) BETHE
T3 GLUTS & % 45 & 3% 2 KHK {- aldolase B %% &t % ¢ o
Bor T B A TR SR &30z (Nakagawa & Kang, 2021) o % #E8{ 4c §°
S5IRB 8 B~ P T ) F e Na'/H pump 3+ 3% > 2 % ] fe e
Na™-K'-CI' 24 o i e g fook & £ s fe o B 4o B o BT AIEH

angiotensin Il fr% %K% % 2 angiotensinll &= BHL IR X Mg @ o B
11

doi:10.6342/NTU202403133



A4

-3 ?‘}]?%‘_?"EE

A (Xu et al, 2021) o % 4% & SRR ROR AR T B LR S 0 g ST EERES
Hifla > &7 $3%05 L fesk @t (Kanbay et al, 2023) « + £ % 45 % ¢ 314255 § 4
FERERB L B o BT § 45 ¢ 5d aldosereductase 38} % sorbitol
PRiSE %54 sorbitol dehydrogenase M E S pE 0 A PSR € H A BB TR
B % ICAM-1> ¥4 Eeime fp5 BRT L A2 B LF BAdG T3
FH €A ] Bk p R ERT IR SB & (Nakagawa & Kang, 2021) o ¥ ¢ >
EAHEHT L F A G © R E A T PIOp I (Changetal  2021) o

I L i VAR ELE
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¥z & kel
U 5 - Sy

”’j“\‘%"/&‘ it F 85 CsHsNs o o — etegdp? - Bokeddple s fof e (G)
otk TR RS R 2 - 0 & DNA Bl e e 47 o ”’]1‘:‘1 vh £ 83 Q’F“ffp{(T)
WiEA B d4Efedtem A RNA P > E:}u,:%vé & e (U)fe $t o 24k chdg 2K e 3 2
BT o @R # (Mathewsetal,, 2013) o "eded £ — f8F & cedeb bk 5L, 1
AP AKRT AL NRE N R HREA LR PP EF oA E S %
B BRI E P As Ee P B S  rB R 0§ 7R o
(Wildman et al., 2022) = p R+ ’JJ]‘LF@ ¥4 P % de novo de novo synthesis fo% s *% & @
Koo A RBIFEKT W i de novo de novo synthesis 4 PRPP (5-phosphoribosyl-1-
pyrophosphate) & = #krd - ¥ b & lmie ) PIELTE fRIEARY 0 R P (AMP) AL

A fE G vk ik i%(%ir"’filﬁ;-l}rﬂ% )t %f(ﬁr"’f}l #) (Mathews et al., 2013) -

SN AT N EHs

’Jij“\v)-%v/% FHFAS SR AP ERE ATP 25 £ 42 > NAD -
FAD %4 f et 713 » S8 4 £ % 83> & §2,3 cAMP % second messenger %
27 'm Pz 2 5@ 5 (Nelsonetal., 2021) - 9:}1?%%‘ Bl BAGo € 5d B L L e
e4h 33+ 38 F-v Concentrative nucleoside transporters 1 (CNT1) w4z » £ 5§ 838
¥4 Hv  equilibrative nucleoside transporters 1 (ENT1) i& » & ;% jif 3 (Pastor-

Anglada et al., 2022) ° Eﬁl%v/:»‘ ¥ o d 4R enET & 2 2% (de novo synthesis) 7 F

Rt =

e M RHE s BE R ey s £ kel w T jT (salvage pathway) v iz

Ak (W 1-3)c BATE SB/ZY o PRPP R MY %0 505 BHIA S 5 - B 5%
13
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I—

¥ % e & 4~ > inosine monophosphate (IMP) - % - 4 ¢ d 5-phosphoribosyl-1-
pyrophosphate (PRPP) /& amido-phosphoribosyltransferase (ATase) i it 25 = 5-
phosphoribosylamine > 2} = IMP {5 >d % ® % Jicpedt il > & % 5 AMP > AMP
5okfE2 & adenosine v £ {54) = adenine o AT & * iR IL E M A H w AER I 0 ATase
¢ A4 IMP~AMP - GMP #ri| > AMP 4= GMP » #r4| R-5-P 2 & PRPP i&

@ e B AT & = i /2 (Nelson et al., 2021) -

¥ PRFS
PRPFP
GTP ! ATP
T . ATase N
Y Y
GDP De Novo Purine synthesis ADP
Tf GMP reductase Y AMP deaminase Tl
GMP - = IMP = = AMP
\ GMP synthetase, IMP : AS synthase AS lyase
: Y dehydrogenase AK N "
5 _NTl ". ydrog | ls-nT 5-NT \
I ¥ 1
) ADA Adenosine APRT
Guanosine I|| HPRT HPRT ‘I Inosing ™ I|
I Y
F‘NPl / | PNP PMP /II
>4 \ i "
GUBI'ILI:B Hypoxanthine Adenine
TR XDH _ ,
Guanase S ¥ ATase: amidophosphoribosyltransierase
Hhh""'\-\-._ ¥anthine AK: adenosin_e kinase .
e I ADA: adenosine deaminase
AS: adenylosuccinate
: XDH 5'-NT: 5'-nuclectidase
Y PMNP: purine nuclecside phosphorylase
Uric acid PRPS: PRPP synthetase

Bl 1-3 ofod (50 1 % A B Pt H

Fig. 1- 3 Purine metabolic pathways and the related enzymes (Lifton et al., 2009)

Ra o ferf F4é 4+ ¥+ purine nucleoside phosphorylase (PNP) er3/& 2 fi i< »

adenosine - % ¢ %35 adenine > @ M w2 1A IMP & £ kinase # 4% 5

AMP - A £8 adenine -Z_ methionine cycle f% % methylthioadenosine phosphorylase

(MTAP) #- methylthioadenosine (MTA) ¥ # % methylthioribose (MTR) P i% 5 &| A&

14
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¥ A& 24 (Sanderson etal., 2019; Thimm et al., 2015) o s eZed A& w JTie 5 ® > ¥ 5d

adenine phosphoribosyltransferase (APRT) ##fa % 4% it i€ * 355 AMP > & w&ed fo=x
+ *&¢4 ¥ & Hypoxanthine-guanine phosphoribosyltransferase (HGPRT) Fif& % #2& it
(% & wlwfza; 8 GMP fr IMP o sgefed 3% adenosine f¢ @ ¢ % xanthine

oxidase ¥ 5 & wErd o Bofs R AR 0 d FEREL YD (Nelsonetal., 2021) e

W

N );;]-L\p‘i vA %1 > B g f,gs
%"’f’%:}rﬁ TR A AN RO I TR Sy T dp o ’ﬂ]“\v‘i M ETHG 6
B A FRORAR 7 BB E R AR e TR R A L R R
Lo Foom PR A e A f# B (Khattri et al., 2021) o ¢t ¢t > adenine § 3 e fpd F £x
pavilei-ps (Chenetal.,,2016)° ¥ “F > adenine § #x % < %0 "F5R{e T %K% [T 3
9;']1 A ¥ 8 Y AMPKO 3 e §F 4B R 8P 0 %8 M o b FuE g 5 % 14 (Padalkar
etal.,,2023) - # 3 4p &t > ) »\fﬁzﬂ”’]"&‘i 6T A B R TR 2 R
o8 FI A S SRR et 3 G oy PRS0 B
Ity FARE e kRpL e RORR Y 198 ¥ '8 M (Khattrietal., 2021) ¢ n Jf: vOI e
L e~ 2w FRIDEF N XY EFTHOR &AM F M (Zhao et al,
2013) » HRefesh § BEFH{ 4 ¢ "RFBT 4 0 % K381 £ F (Chen etal,, 2016)

4 gﬁa’ﬁ_ﬁ q P OPERL > YR Y PR R o iR E M G P AT R

(Zhao et al., 2012) -
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N %%%%?ﬁﬁ%@

% kR ”f}lv%v/:»‘ ¢ d adenine receptor ( AdeR ) &4c s fxds — & 7jemin & @ik
Fls o | B2>¥ AdeR £ E &% e > A% 134 L& (Knospe etal., 2013) > #F
"2 Rrh i B PN A § S ROT A B e R R L TR AdeR 2
BATATHRET L R A A F AT UTh L 0% G 5 AdeR £ TR 0 RN
AR R REARERS > B AdeR & % - 30k 79 AVP-regulated
aquaporin-2 (AQP2) Colocalization (Kwon et al., 2013) = AVP i%:E & Ft g A AWt oh
G protein couple receptor & it ’h]‘tfrf Fath V¥ > 3 4c 2 mP2 P cAMP JE & © @ AQP2
F Il e N0 4 R E ok 4 o (Sparapani et al., 2021) e

AdeR #%P]’J:”ﬁlv%v/% 5 €4l CAMP 4 = > '3 AQP2 # 2 1 w2
@ #rdl -k A £ sofe (Santosetal, 2019) % 7 & A E 7 AQP B § 3Tk A e
AN T ISk A e K e sodium—potassium—chloride cotransporter 2 (Slc12al,
NKCC2) + 345k A chE & 30+ AQP2 F sk » @ NKCC2 I o ex T hh ~ 49 ~
Fook TN I ERDER Fo o 9;}1\:)_1,‘_\:/‘;\ ¢ 3k NKCC2 # R'% ™ > 3
‘o Fedp i o NKCC2 fr AQP2 4 TRIp PFis MR B R 4> RHP kA2 T 2F
THLD S o B M F s By VRS e B A P 2T

%40 5 (Atay et al., 2024; M. Zhang et al., 2024) -

E ”’j"\‘%"/&‘ EXAR A
’Jij‘u%%‘ e A PINBHS € R0 ) TRRED D R —}"’hj‘iv)!}v/% HEEF o N E
fp APRT # 4o ”Jj‘w—l}rv/:»‘ ¢ #& = J xanthine oxidase & FHEM 5 ARIA I G

2,8-dihydroxyadenine (2,8-DHA) (Singh et al., 2023) (B 1-4) > i F > TH T ¢ >
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SlAeF L FHF L ERAr SBRTHG S 2w > AR ERTE ARG

(Klinkhammer et al., 2020) - = }*Jc:}ﬁ Do REFEH&S 02% (Ww) ’JT\ g
THRLGD A Gk TRA S RF ORIV HE T MR 2 AR
£ LA SRR BT TRIM 2,8 DHA 4 > &7 TR 2,8 DHA 3
fw A g (Choietal,2023) 0 ¥ 5 2 1]?&#;1 EAEE N 74 0.2% (W/iw)
gﬁugkpg ERFEI) QT R bk R R SRR F BT A

Fid-v 22k & (Zaaba et al., 2023) - %—’Jﬁuﬁ%v/% Fetedr < B4 a P > R € R MT AR
HEE M2 F’Df&ﬁi—i“f (Samaha et al., 2023) » % 77 HLefees 3 3 0T R 2 A AR

Bt Foop % 4 0 Ap i e

Ribose-5-phosphate

Nucleic acids PRPP Nucleic acids

A J Y Y

AMP < > IMP > GMP
Adenine ——» Hypoxanthme Guanlne
Y

8-Hydroxyadenine Xanthine
A J
2,8-Dihydroxyadenine Uric acid

W 1-4 9ked 365 T R

Fig. 1- 4 Schematic representation of purine metabolism. (Howles and Thakker, 2020)
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EUN H;"l]kc;_l;‘_\:é Er s %"]ﬁi kil

BORA RS £ 28DHA B8 0 XA L S G RN H e

St

F ] ? >ofrig ~ B fP‘r & ggﬁ ﬁgaaggi‘%g [l A ? » L PE X B A A3k 2.8
DHA & mH > THT ¢ » @~ T35 g4 % (Klinkhammer et al., 2020) -
BTk 28-DHA 314 74F § criim % > 2,8-DHA ¢ 5142w 4 44

R R L SR SRS SEEIETY Sy

Bt bBTRS B A B BB TAR 5T e R
SR A B TURRIEF T P AT AT R 0 BT A TRA A AT
#r A mren RS E A3 HE > 45 CD44" & TNF receptor (TNFR) - i &
% ¢ > TNFR1 &g Fi-kgf & ff\? e dmPe P 4 I > 2,8-DHA it#f ¢ TNFR1"

Tl F dme coic R G B ALY BB 4 0 ATl F ) B U E > 2,8-DHA

N~

so 18

A=
T\4

R4 ik e TNFRIT h% | 4 fmee & 8 F 92 > TNFR2® B ] 8 fwe chfc
T hB iR EARY B 0 2,8-DHA & BT At @ TNFR2' w2 & o
CD44 iz ¢ A~ T 2r A R ehb il > & WX kG A hHh e 7

(Klinkhammer et al., 2020) -

(=) lwreik-

7T & 77 f o g HR-BHPM S E% | 4 (phagolysosome)
e 3o f¥ B (cathepsin-B) » "% i# s 3 7 (necroptosis) #ri|Fv RIPKI >
% RIPK3-MLKL necrosome complex 2j= » i & § ] ¢ ' 5 ¥ 22 DAMP
(Klinkhammer et al., 2020) « ¥ ¢t % 5 & 7 FRT | § P Berdafg - FEF it
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4-hydroxynonenal (4-HNE) % ¥ #{ e ~ 2 RWWEF “ M 4o > F 2 THT | gz
if [+ ke 5v = (ferroptosis) (Khan et al., 2022) °
g ol LRGN g T NLRP3 BT - F4/80" B v fm®e % CCLS 4%
i“ o e pF o ErHr3" 8 Pof 2 T %l R w2 220 € 2B T% 0 ErHr3" 8 Pt e
F4/80"E viim® ¢ A 1 5 CDIICTE witim® » 253§ ¥ oife § 7 w3k » T MR
wie BB e pochig B0 Fadep pa B R 2484 fof 2. ROS > 54 TLR4
iE MY88 ~ TRAF6 ~ i¢ NF-xB it » s {% > @ NLRP3 g2 > f#2% TNF-
a, [IL-1B % 5 3 w9 % (Klinkhammer et al., 2020a; Perazella & Herlitz, 2021;

Samaha et al., 2023b) -

(z) §imd

2,8DHA SHHMEZET | #1507 L BET L3 04 33T 4% ki 3

¥ (Ullahetal.,2019) 4 ¥ € 4cif fmre b ATP e0%% &> 3 3 4o 3§ wvd ch A 2
&Y BERY e eEeA § 1Y ' (xanthine oxidase ) > &M H i F VR4 F 4 (Wang
etal, 2022) « A7 5 45 1+ ] BUAR & ¢ sedBed § 4 Hifo mRNA £ 2 3 4
Xanthine oxidoreductase (xanthine dehydrogenase {- xanthine oxidase) /&% #f 4¢ »
catalase mRNA # 3L & *# ¥ (Ohata et al., 2017) > ¥ ¢} :® ¢ 3 4 malondialdehyde
(MDA) 7z & ~ "# i< glutathione (GSH) Jk /& (Samaha etal., 2023a) » *% < glutathione

peroxidase 4 (GPX4) # 3.(Khan et al., 2022) » ¥ 1 /| &4k & ¢ 7 e ”ﬁiﬁﬁ-l}vV’:»‘ € B e

= %”§m§ LB 4 o
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(r) g
BT FEFEG 0 e 455 2 2 TGF-B, PDGF, hedgehog, f= Wnt ligands
4 LT3 emegd o B PV e L 4 fokiat e s (L e et e
W gt E A TR B a-SMA G T A e g BT 0 § A S 4 R
fnre ok LB 5 de fibronectin v collagen > & ¥/ ¥ iz it ¥ # 2  (Huang et
al., 2023)< 5% § ¥ > Soked ¥ 113538 TGF-B/Smad i /7% * TGF-B1 §j ERK -
p38MAPK o JNK & /2> Hi4c % w A R 39 ~ il 30 ot mie ¢F A FF AR

Tl F L A drmre i Rt a (Yietal, 2021) o
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Fr & TWAR

EBRTHe P E-FHTHEE  THD GFAT L E L i) 5 F Bk
BT E  F h R DUk § B SR S TR S Bk
RREEE AT E TP F A LT L E IR R ) F = BSOS T )
BN R AR FRES RS T F B AR AT 3 IS
T X fodt LA Bt FoRe B oA hE fo FORNG AR R ) BT
FHAEH e T TEEREAPR T EZ BIA LRI F R DR
REESEEE T U S R L S S F S R L E R S

THRE T E R Y 150 2L hp I RE Er g o LRRAEMp P
ELT Y IFL AL R T2 - ik ? 8 1 A GRS REDA
b @ LK 149 AT o B AR § AFY 5 1 3] 8 e T
FENL R e TN R AN BT R S L BOER A
R4 % D mae bR EEG 4l n kehd 2 (Raymond and Morrow
2020) o THA /BT REEALRLA ETRE C ERLTHG (AKD ~ BETH ¥

(CKD) fek# T (ESRD) -

- ~ ¥ %% (kidney stone)

TRPO2IBFHFFOLE 5% BELEREPFHELATHEY 587 4ok
FEPELR oA R DR G S DL IEFTFRESFIMW 1-5+ 5
80% ¥ Fd FEL4T (Ca(COO)) L pifiedt (CaP) & m = > d R~ 5 £ 7%
fomeiiefi o & chR T2 (F Lo A B ER TS 9% 10% fr 1% (Khan etal. 2016)

R R HERT ST RS KV e AR LF I T B A
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BT DR HERI R NIRRT TR LB FARL TR
gk B RS FFEAPM T o e R L R L g R A SR s BT
Fenh Gy Moo TR W RS- BAFRRuEAR W S EAR T T o g
CFCERAG L FATE R IR R RREF IFIF MRS BT R
A G B L Y EREA > R RARFOREARINPR DFEEF S
(ROS)~ "y g% A+ (MDA) £ %3 - § 5 &p% (INOS) ~ 4 3 lw#e i
FAviLl FATA Bl kR o S8 Red R R IR A LB L T
WRT R F A, (Wigneretal. 2021) o ¥ 4T fopifst 2 7 41 & chT B2 > 9
b LR B F e180%0 5 7 F AL d 8 AT Ca(CO0) X 509 )~ A i 4T ( CaP >
B E ) (59%) % B K R £ 4 (459 ) = o B, B F i & & 4 FER
ARG ABAT o7 5 FFERIBIELS T2 blhe B 48 o (Sfedd s TiF
STl fe SR )~ B REEOE B R RO~ SRIFRCE ~ MU ®

RpE R o 4 S BN T 0 ok pH 5 5.0 I 6.5 € Muei MTET

ad

¥ pH B4 75 PO Rl E S A BMER T LB TRFF B ¢ AT
%% (Khanetal. 2016) « JRpe 5 7 2 dvikfois § Zfuld 5 B - HATR T 72 0 AR
Wk (pH <5.5) i LHERKBEET R L1 B B ¥ o R Fa 2B R
B S M (T R ) “f Rt i iR pH sk pER B2 0t B
DR R REET v Hd T HEPE S EhhG AP RS EEAR L R R E
I o whrd A R S S e it F P RORE ST en#E b L AR F] R (Wigner

et al. 2021) -
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Fig. 1- 5§ Morphology of human kidneys and location of stones (Khan.,2016)

-~ AEMTIH % (Acute kidney injury, AKI)

1235 KDIGO & 153 e &k » Vet 24 /| PFP 38 4e 03 mg/dL ~ 62
TR PR A 15 BAaAE 6 fJ‘B?/;TgiT'&%?E STHE 05 22 A
ETES .,,T}u? 1A E & S AKI o AKI m}lia Fl oA §EF 00 A K S P g~ T
FRR TURAFE I NERR L 5 F R R TR BT A 3
#F AKL - T 80% & TR R & RREPETHRL IS o THHA HioT
T UMk F AR SR PT IS A T A AKL e TR F A e TR
FETUL-RAE T TFFIs T

FRERFIASET A LTH TP T AKD TR AKL £d T
HFZEROTH G T bldeMd FES ML R T AKL £ TR
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T % FaoF. ,ui:%"il%%ﬂm’m Tt AKID dp e d FRESIE B 200 Bk SL FdlAe
1 AKLe AKL el F 27 @60 7 & % AKL B FI8% T 4 R (B 1-5) © AKI
FEPFF LT 04 AKL #FHpFF 220 7 2030 202 B FEE L AKD o
SRR G RN RAZE= B 0 TLAR S CKD 2 AT RA BT R

(% 1-1) (Kellum et al. 2021; Raymond and Morrow 2020) °

% 1-1AKI ~ AKD ~ CKD {v NKD ¢ sk &%
Table 1- 1 Criteria for defining AKI, AKD, CKD and NKD (KDIGO.,2021)

FEEF HihE Te/es SR
Y A F 3 ops B> 50 % ~
AKI <7 = B AP F AR R R > 0.3 mg/dL BORERK
% Fk>6 ] pF

AKI & GFR < 60 ml/min/1.73 m?
v Ao AR

AKD <3 #7% GFR 7% >35%- gc
B LS

& FVCEEFH 4 > 50 %
CKD >3 ®*® GFR <60 ml/min/1.73 m? I SN TR

GFR > 60 ml/min/1.73 m2 > GFR #& %_-
(G B R AT 35%) -

+ M
Lo pUBS FE-42 ¥ B " W™ R 4 ] 3 Zz\’lﬁd%’\ﬁ;}g
NKD  NA & i e B0 p s s o

. o % 4p 1
50% & 2 X K 4e o] 3 0.3 mg/d)
26 -] PR E R
=~ [&]&%"}}%%‘ (chronic kidney disease, CKD)
r*%"}}% (CKD) © % # R Fl5ldz 33 & § 5L pFF 72 7 i e0df i > KDIGO
s CEABMBTREITHNTE AL THHIRES (GFR) # 1.73m* | 3¢

60mL/min » & FHAF Gtk (& 1-2) AMBHI B A EEF 0TI R

TR®oCKD R TR T A 5T H (B 1-6) F T55kihE S (GFR)F 1.73
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m? | 3 15mL/min’:1‘£§ ERSAPTRE LEFETHRAB I 22 kA FRET

e B TR o

2 1-2 BT RELEER
Table 1- 2 Criteria for chronic kidney disease (KDIGO,2024)
Markers of kidney Albuminuria (ACR >30 mg/g [>3 mg/mmol])
damage (1or more) Urine sediment abnormalities
Persistent hematuria
Electrolyte and other abnormalities due to tubular disorders
Abnormalities detected by histology
Structural abnormalities detected by imaging
History of kidney transplantation
Decreased GFR GFR<60 ml/min per 1.73 m? (GFR categories G3a-G5)
ACR, albumin-to-creatinine ratio; GFR, glomerular filtration rate

Persistent albuminuria categories
Description and range

Al A2 A3
KDIGO: Prognosis of CKD by GFR Normal to mildly ~ Moderately Severely
and albuminuria categories increased increased increased

<30 mg/g 30-300 mg/g =300 mg/g
<3mg/mmol  3-30 mg/mmol =30 mg/mmol

G1 Normal or high =90
G2 Mildly decreased 60-89
G3a Mildly to 45-59

moderately decreased

Moderately to
severely decreased e

Green: low risk (if no other markers of kidney disease, no CKD); Yellow: moderately increased risk; Orange: high
risk; Red: very high risk. GFR, glomerular filtration rate.

GFR categories (ml/min/1.73 m?)
Description and range
[2]
]
(-

W 1-6 = GFR {foid-v FpE 2R F]14 & CKD
Fig. 1- 6 Prognosis of CKD by GFR and albuminuria categories (KDIGO,2024)
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(-) g

95 # W T % 7 4% % 5 (United States Renal Data System, USRDS) 2023 # &
BRI o SEOS I IR AR 258 o o8 CKD1-5 #panin i
755 1546% » Fop S 27.21/1,000 + 4 & o pteb > CKD 3-5 #p engh (75 %
9.06% % 4 & % 16.89/1,000 + A & o ko S84 ¢ ¢ CKD g g7 5fow 4

& (Tsaietal., 2018) o

(z) pHAFEpLE
4R S E i REEEE R ER e B OBR B 2 R0 &

{ A CKD i & R Fle /s 975 CKD 60 30-70% 0 3% 5 BE T 50/ B % &
i 4 A TRRE AT o TR N L TR FHEGG 75}“ *
S B P TSHA T F R T AR TOIRA g p LA
o i et s T eim e ol m e B E 00 B G F RS BT IR A R PR
G LRI AR e RN L R TS R F e Bfrs R ¥ o Tk LA
MR e F R BRISE M IF s B L (8RB foiekine ) €5
e 3 4 o TFG-Bl o H s 4 £ F]3 (¢ # platelet-derived growth factor,
fibroblast growth factor, tumour necrosis factor fv IFN-y ) {1;p 85 imee 1314 5 % w*

wPe o L I mie A 4 i § himie ¢ hAE WoR WO YE R 0 4 ‘T}K% SHTRA TR
% Hpsk o Kwbeeny # R T U ARERSB R B NE o P2 H AN 4G
ERT SR o T F %‘{ﬁ g R o R GFR ok g o B
ERRE N RN PR (fHERM w R fod 7 ) §TIET g L &

NES LT 2 JEE T PRI F] T o B de R e 3 BT
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LAl e B RA i cfp 3 Eh A FRAL OF R AT g A A
AR gt meF CERT I FEHFIRTARLAI AN BT F
| e m fReniRl £ 82 GFR ®7 4B -

THRAMBAEHE > ZFEF c L CKD G5 > F it § oz dpe
AR kARG A K G RETE e f R0 R RIETE L e LR
oo B F A F & o fh DB bR HERTHP L DR ESE R R R
i @R Y (FREMR Y Lo 1) AR Y ~ v BEiops v

M R 4 T s (Webster., 2017) o

(=) F%0A e Rldp

R i BT AR BRI EFA R LR AR AT J B
A e R R F feak TR TS TR A W ihdp i RE VAT R
Wih o T T F R a FARRERER (DTFEREL ST ke TR
PR Q)T g £ ok FRE O R R RO R 0 7 g AR TRE e
FORONRIE TSRS o - LR NRE ARG Lt X g o
F (ded Fevi ) BRI R AR S ey IIRAZE= B TE HL A M
.ri%"}l%xé °

FOTSHO T EH G gHTH @S E A RT EHTH G A+ (Acute
kidney injury molecule-1, Kim-1) # - f& &5+ % ] ¢ WP ¢ & 30 38.7 kDa #5
WERY 0 FEF G A iR > AT G omp L RS
(Torahim et al., 2022) - ¥ # > fj\,,z PR thd & kP A AR B AE -9 (Neutrophil

gelatinase-associated lipocalin, NGAL) » # ™ faza F - & 3§ m:}ﬁ 1& > NGAL & -
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- F ?‘}]?%‘_?"EE

8 25kDa chd=i ot A G 8 A EBEE? &3 blAe TR0 e 1
s B NGAL 4 T3 iR & feif=h T F £ 5ofoo i85 T 3 41 § P52 Ak NGAL

kR €% (Romejko etal., 2023)

(z) # LF3TH G oE 50
FIEHPHGURY AP TG om0 T S ¥ A E PR
1. 5/6 5+ “,/T‘. =+ j#= (5/6 nephrectomy) :

CKD #3Veg £ % > e AT B2 AT &4 > 243

BiEs~M o Faig 4 £ e g g (Sarkozy et al., 2023) o
2. Hp ﬁa?]ﬁ\? Fe % (Unilateral ureteral obstruction,UUO):

ORI R R FRE BRI R CKD o AR F R £

g0 ¥ oA w4 T i % % (Nerregaard et al., 2023) -
3. B %4&pe (Aristolochic acid,AA):

A#F L4 4 > 4mgkg BW/day 7 * 22473 AKI-CKD #% > £ 5 ok
iR RBEREF AN BARBE G Ty i CKD e d o g0
#% CKD ki4fse -~ 42 ~ %»F (Furusho et al., 2020) -

4., Epk:

B b 250 mgkeg ® A E ERL > VA CKD o BELHE - F

£4F 0 F 23y AKI-CKD # % » 448875 - LB R M L TRAAPH

1+ (Aparicio et al., 2020) o
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5. WA T
/| Bz 5 Streptozotocin - 3040 mgkg #4 5= » ¥ AR S 1 AR KR
M4 CKD > #4 B F A % 1 A Op 0 - A8 TR g B
WA 2 > T fe 0 CKD#FAPFE - ] BF iyt
6. F 0B RABG S YA BE IFFE I FBMLT R %
MR H TR BT RROE R FIF 2 - o R ok R
FEd o i3 = B Af 0 R NIR{eT g s T U3 R A TR
1% %7 ° (Chan & Lin, 2023)
7. REAFZEF TR R
FRTHREHL T R FRar > v 207y CKD &R 4] -

AL OREA FE TR B FH S BEERETH G B
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-3 ?‘}EJ%‘}*E;T

¥I& Fr®Pgpa

BAGSY IR~ BAY AR CRENETREET > 28 60%EMK LR
FE o MANTIA AT NEFHERFEBRNEZRERE D450 0 THEPT
P20 B ZRGREIF A F FRPFE T MERS B SRR
HERBAEA L R RRRREA LT RS L E RN PR A
g A e B E (REF > 2022) 0 B o 3 RS EAOR A BETROR R o
A& AR {1 FE RTHE R % 5 (United States Renal Data System, USRDS) 2023
EERFLY  CHAPTHRREFFE AL 5P L AF R D
AR SR G HOE G T L - T A BRERBRETRARSE L ]
IO FERERETUARERI AN B ERY AR CEHTHAAEFY

% (Wang et al., 2022) -

AFZEARALLN O UE R RS RS L e 12 B0 1
g PN s H R B TR LR s B D 2 NGAL BB 0 i
% 14 %7 it (Chan & Lin, 2023) o yt #b » 2P 7 2 AW A5 A1 > EEA L7 1%
CERE RPN 2 TR Sl ) F R IR o
frw @ (302016) & EATE 2 F 8 TH G ObH 1555 AT g 8 ket ¥
A E TG TN E BT G i s A LR O R A TG L B

R R BEERETS N PR
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2R R EE TH G N E DR

Fod REABETHGORERR

Y-8 w3
v pedp o R B H S 28-DHA A T F ERTHG L RS
@K % CSTBL/6 228 » 3 witefed e 55 R~ &R~ F AR R E 0 o
BARJOR VRS T b B R SRS B s AR B A Y R Bﬁu%vé
BEE AL RTAG b R R A ARG 0.15% > 0.2%
0.25% (w/w) (Yang et al.,2024) » X & > 3¢ F S 44 0.2% Seket - &1 > ) KR
EHE20% NI S iEEd 2 BRI 0 kAT KR EOURAHE S

0.15 = 0.1% (w/w) > 3t % B &£ Qﬁiv;-l},—v/:»‘ ol BUE# 5 e e

28-week-old male C57BL/6 mice

Control 0.1% Ade 0.15 % Ade 6 weeks
I I

*£2 0.15% adenine £) 37 >

sacrifice 5,48 0.05% adenine i@ /& 1
Serum Urine Kidney
Blood urea nitrogen UPCR Histological stains
Creatinine
W 2-19 %%
Fig. 2- 1 Experimental design
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2% RS AR TGN E T R

B TS 27 k84 h CSTBL/6 228 4 W44 héd £ ¢ 5 p d Bk
A B SR R 22£2°C ARERAR S55+10% 0 K~ @ ATR L 12 )
Pro Ay et P PR EHIT BER: SR PREL R LR ¢
(IACUC) % % i€ i8 » IACUC 3 ¥ %% : NTU-110-EL-00190 -] Elif &%k 5 27 AIN-
O3 & - (s 0 2T 28 M A 5 = o Il (Ctrl,n=3) ~ 0.1% ket I HI R
2(0.1% ade, n=3) % O.lS%’ka’LF)!}v/% B & & 2(0.15% ade, n=3) - Ade = & AIN-93 4
#1424 » Adenine 4 F (1 2 1.5g/kg)  #FF4a 6 & fle ok 2-1- F %
EEHFEF el AHMEEGRE > 52 A mH- X aFERE o
Sy mRBFEEE RS

A AL rs T R R B e 8 [ k) RUR R Smm R 8 7 4R R
oo FRPPFIIZOF M pRERE] B 2 Ty Im £ F S ER S 0 12 12000rpm s 20
LB B bR EAEH B o T e o R 80°C vk da 0 R P 1S A 4T
= KR EE RIS

AAIUEA DR R RBALEF RS M) B R i 0 £

A BURAE o AR A 2t -80°C kR 0 P AT .
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£02-1 4 4

Table 2- 1 AIN-93G purified diet composition !

Ingredient (g/kg) Ctrl!
Soybean oil 70
Corn starch 529.5
Sucrose 100
Casein 200
Cellulose 50
AIN-93G Mineral mix 35
AIN-93G Vitamin mix 10
L-Cystine 3
Choline 2.5
Total energy (kcal) 3960
CHO (% kcal) 63.6
Protein (% kcal) 20.5
Fat (% kcal) 15.9

'Reeves et al., 1993

2% ade _9_/,"']‘ 4r 0.1 &% 0.15% (1 2 1.5g/kg diet) H!“]\V;!ifvé‘ i 4 B (Sigma, A5565)
3Soybean oil, Sucrose (Taisugar) ; Corn starch (Samyang) ; AIN-93G Mineral mix, AIN-
93G Vitamin mix (MP Biomedicals) ; Cellulose (JRS PHARMA) ; L-Cystine (Wako,
Japan). Casein, Choline (Sigma, C7078, C1879)
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T o~ AR
(-) SRR FFRT

Qrkati )

QuantiChrom™ Urea Assay Kit (BioAssay System, DIUR-100)

(=]

B~SuL w Gtk & > R 527 Blank > 4e ~ 96-well % > 2 1w 1T RRUAEBF
A & B owell 4er 200Ul F REEE 0 B3N F R F B 20 4 48 0 2 OD 520mn 3§
%a%@,%»aﬁyg&%ggg,ygaﬁww

OD Sample - OD Blank

[Urea] = OD Standard - OD Blank

x n X [Standard](mg/dL)

P& & Fk F 4 BUN=[Urea]/2.14
(5) g iR R pER
(4454 g2 2 ]
QuantiChrom™ Creatinine Assay Kit (BioAssay System, DICT-500)
(=]
& 3k FHR) L (Serum creatinine) :
s F ok FFR 8- 30 ul s F R A~ 2mg/dL (1 ddH20 25 & fFf) B 5 0 96
well 4 > 2 1w 1@l A& B & BFEH - & B well 40 > 200 uL * B3EA > =
FE B~ 0D 520mn (OD Omin) B * 3R~ S A4 L cf Bk E(0DS
min) > F > 2N EIUEREFZ R 0 3 E 25T

OD Sample 5min - OD Sample Omin
0D Standard 5min - OD Standard Omin

[Creatinine] = x n x [Standard](mg/dL)

PR ife 3o fiFR] 2 (Urine creatinine) :
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B 5 uL Aotk A&~ 50 mg/dL -2 &-4c » 200 pL & fgiEd] 0 = 3§ B~ OD 520mn
(ODOmin) B* 2B F B S5S AL ZH P kE (OD5min) 4 » 25820 5 s
RpFz £ 0 38 ot T

OD Sample 5min - OD Sample Omin
0D Standard 5min - OD Standard Omin

[Creatinine] = x n X [Standard](mg/dL)

(2) 3 BRGRICREER BRI T
(4454 g2 2 ]
Pierce™ Coomassie (Bradford) Protein Assay Kit (Thremo, #23200)
Coomassie (Bradford) Protein Assay Reagent
BSA Standard Ampules, 500 pg/mL
[=iz]
Be5SpuL Rtk s R (BB SRR 500~ 250 ~ 125225125~
6.25 ~ 3.125 ~ 15.625 pg/mL) > 4v » 250 pL/well Coomassie Reagent > # % & 3 30
Fpo B EF K10 448 0 ;P ODSOSnm kg » & » R 835 k-9
KRR R R AR 0 T @R G0 kR SRR R A o B
i % mg/mg creatinine °
I TR P LI
(4454 g2 2 ]
1. # 1 & (Bioman Scientific)
2. 10% formaldehyde solution (BioGnost, F10-1L)

3. #F 4 A (Kimtech Science)
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R ORRAAETHG ORET R

(=]
PRARTRL R R S 10% T Ao RFE X F e RMe s R X
12 hematoxylin & eosin (H&E) % ¢ » LR L £ wie REE TRIFHET; - TRE
Skt A2 & 12 Masson’s Trichrome % 4 j2 » 2] TES ISR R0 A 0 T

* image] TR P ERRBAHEE O T ETHRALC LR

S
i * GraphPad Prism $r#8:& (7 B o 7 % % % 12 Mean+SD % 77 ° 14

Student’s ttest ~ 477 w2 A E X B o
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P28 RERER
- R EE TG R L
(-) HLEn
28 ¥4 C5TBL/6 /| 84kt Ctrl ~ PCHI R & % H] £ et - b 4k 4 - & ik = -
FHE (R 2-2) A AUEAT ) Z | RMERFHFLE > MARE

’%&éﬁ’”ﬂj“&%v/%i T o3l FRBE LM ERF T Cul 2 3HE ed 3% - F A4

#
m&’g
%
7
.7‘3\
g
3

|
s
e

£.0.05% (wiw) ofed i o SR £ E T 33 i B

7% B AR A B AR Rl IR K Crl o

22 2MEAAE TG AL R

Table 2- 2 Effects of body weight on adenine induce kidney injury mice.

28 week-old 31 week-old 33 week-old 34 week-old
Group n )
Body weight (g)
Ctrl 3 33.64 +1.65 3227 +£2.33 32.22 +£0.28 33.86 £ 1.09
0.1% ade 3 33.17 £0.97 27.89 £ 0.73* 26.16 £1.03* 25.53 £1.13*

0.15% ade 3 32.55+0.99 31.91+£3.27 26.73 +2.86* 23.68 +2.48*

Data were mean + SD. n=3. *p<0.05 compare to the Ctrl group.
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GAPREA A F  BI B R  RRIHFLE (2 2-3)°

2 2-3MRAFETHG PRI ES R R

Table 2- 3 Effects of food intake on adenine induce kidney injury mice.

28 week-old 31 week-old 33 week-old 34 week-old

Group n
Food intake (g/day)
Ctrl 3 2.81+0.26 3.02+£0.02 3.29+0.07 3.29+0.07
0.1% ade 3 2.03+0.88 328 +0.36 2.96+0.45 2.51+0.58
0.15% ade 3 3.15+1.04 2.51+0.58 2.32+0.14 2.32+0.14

Values were mean + SD. n=3. *p<0.05 compare to the Ctrl group.

(2) HokE®n
(3 2-4) RAAFHE TH G L Rk R RO Hr o SHE 2k 8 fed
S AR ERE L 0 R AR % - LA 0.05% (wiw) ke i

KRR E R BRI EELE o

2 2-4MEAFETHG L K2k ERT

Table 2- 4 Effects of food intake on adenine induce kidney injury mice.

Initial 31 week-old 33 week-old Final water
Group n
Water intake (mL/day)
Ctrl 3 3.10+0.08 3.33+0.08 3.52+0.36 3.57+1.13
0.1% ade 3 3.38 £0.54 4.81 +0.86* 5.52 £ 0.72* 7.38 £1.01*
0.15% ade 3 3.05+£0.16 3.14+0.29 5.90 £ 0.33* 5.86 £ 0.14*

Values were mean + SD. n=3. *p<0.05 compare to the Ctrl group.
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\
/4
o
N
;‘3
2N

p L

lf“tﬂ

| AR (0 & lgkg & 1.5gke) 6 it L BT RAESHER

FroEHE TR FRCul M > B REHEL L2 PR HF4LE -
WA e R HE R 2 A M H T B R E B F 3 Cul o TR TR

o7 gqrs
E’r’,\g,_g-

1"‘\“

2 2-SMERAFETG I RL B HEPHET L

Table 2- 5 Effects of absolute and relative organ weight among adenine induce kidney

Kidney Spleen Liver

Group n Absolute weight (g)
Ctrl 3 0.20 £ 0.01 0.07 £0.01 1.36 £0.10
0.1% ade 3 0.16 £0.02 0.08 £0.01 0.98 +0.13*
0.15% ade 3 0.18 £0.00 0.08 £0.01 0.90 + 0.10*

n Relative weight (%)
Ctrl 3 0.60 £+ 0.05 0.21 +£0.02 4.01 £0.17
0.1% ade 3 0.10£0.55 0.33 £0.02* 3.83+£0.40
0.15% ade 3 0.77 £0.07 0.33 £0.03* 3.81+0.14
injury mice.

"Values were mean + SD. n=3. *p<0.05 compare to the Ctrl group.

2Relatve organ weight(%)=absolute organ weight/body weight x100%
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SRR ) BT i R

| AR w1532 34 % 5 F BUNETF 2 5 (Rl 2-2A)
AR L) B 32 kG ABR et 2 B AR e L 2 34k
BEP A 3 A R R R e i o FH 4 (] 2- 2B) > BT A ko &

UL B ORI R ) 34 R BR P PE S ABR e 4 (W 2-2C) 0 A TR

AR E XTI G o
(A) (B)
* *
200- * 25- *
* o
% - .
~ 150 = g 2
- i S _
Fo) © = 154 *
£ 100- £
4 . £ 104
2 EE10 _
507 A 5
0 o L=iimen
28 32 34 28 32
age (weeks) age (weeks)

©
60
cE |
'S S 40
g8 =3 Ctrl
ey -
F E’zo_ mm 0.1% ade
°2 ﬁ ‘ ‘ mu 0.15% ade
0
28 32 34

age (weeks)

B 2-2 g’?"%"é JRFTFH R G o
Fig. 2- 2 Effects of adenine on renal function in mice. (A) BUN (B) serum creatinine (C)

urine protein/urine creatinine ratio. Data were mean + SD, n=3. *p < 0.05 compared with

the Ctrl group by Student’s t-test.
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= R AT E A

TH e H&E # 4 > LR LR w2 RIBALR > fﬂzfﬁ’ﬁivﬁ 20 TR B

T

Mgy “HEE ) REHES Af e 2R R HFR Col ing o 12

REVERERIZHE TP RARGRE P A we i 2R (W 2-34) - TK
2 Masson’s Trichrome (Trichrome) % ¢ 1 <& & & JE BT sk

B2 A RFES R R i (W 2-3B) e Tl FRAt R ffE A LES BT

0.1% ade ‘o 4 1" & 4 7 F 4 Curl ‘2§ (W 2- 3C) o 551 “rif > Weboh et § i
TRAACERTHG -

(A) B)

Control 0.1% ade
H&E

Immune cell infiltration
(% Area)
T

Trichrome tubulointerstitium o0
_erome b o ()

Ctrl 0.1% ade

Renal tubular fibrosis
(% Area)
3

® 2-3 ’?ﬁiviv/\iﬂgﬁ | RT Lk mezBRE et 2R -

Fig. 2- 3 Adenine increases immune cell infiltration and fibrosis in mouse kidneys. (A)
The representative images of hematoxylin and eosin (H&E)-stain kidney (cortex, 200X,
upper panel ; scal bar, 50uM). Renal histology showed deposition of dilated tubules (white
arrow), tubular epithelial loss (black arrow) and dilated Bowman’s space (black
triangle). Trichrome-stained kidney (tubulointerstitium, 200X, middle panel) from the
Ctrl or ade group. Then, trichrome-stained kidney (cortex, lower panel), and the
quantification of (B) immune cell infiltration area from the Ctrl or 0.1% ade group. .(C)

renal fibrosis area from the Ctrl or 0.1% ade group.
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g dpd o B ) BEIARIR kel § BRCERE N G T T g R
FETHIGRAAC > F B3 2R3 ()R~ Q)F A Q)piist s # 9
CORHA A v i o ¥ ) Rend R A H 5 (1)0.15% (2)02%
(3)0.25% (Yang etal,, 2024) = # 7 > 0 S RAET 0.2% Hokod § i+ | B E
R HETEARZE20% T IRF A RSB EFR 3 B EFHRPITB
Ao SEE AR s AR B Y T IRKAD0.1% & 0.15% (1 & 1.5 ghkg) ket A 6

FHE L BTG 5w E A 0.15% okt | ML Rd i B - A

I

0.05% ekrd 1 i o HMARE T HIGARE T L G BT B R
AL ¥ by LA 01% H5 P KT G 0 b 0.1%5 ke &2 1 o)
AfERgy "% ey "o g kEREF A 2P - & (Lair
etal., 2024; Zaaba et al., 2023) - < )’%:}ﬁ Ao d 3t 9:}1\2%—\!4‘ A EERE hg vk T R 0.2%
W § il BURS i S E ol BAEE K Y § 20% prs T
b IMJ]‘UQ M ETeng vk o B BURS (Jiaetal, 2013) 0 XA 0 X F % AIN-93
A 54 20% fedr ol BIES BRI BT 0 B H W RGE 4 n
7 %% - & (Lair et al., 2024) - a‘éiiﬁ'l”ﬁlﬁi-l}vﬂ:»‘ Foaw st TARE m’ii]“&‘i AR R
R SPETE (Santosetal,2019) - P> 7§ B i~ %€ E Ry IFE R R

PR - HEed ) RS (Alietal, 2014) - T ket § BT E
R Fd RA RS MR A LS T E R T AR ] BR B

£ 4 4r (Atay etal., 2024) -
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= B

~F %2 0.1% (1g/kg) ’9:}1 Loeb i de | B RIS R B SE B Y
Bt M ORERAT ABE D LR F BIEs BETH L - 2 poh 1 02% ok

AARAS T EHNTEHREIE  CAFHRABREZI SR P FIRE R R T

=

FE € 7?2 X B (Thomeetal., 2021) -

SRR T DTG B

Fidpd o & kR F i 80-100 mg/dL - ¥ 1k B RAE LT G S (Jia
ctal,2013) » % SR AT 0.1% (Igkg) Wk b | B 15| BiEH
A cMEEMERTS > L E F i 80mg/dL T T AR F B S foreE pE o B
Foo BIUVELET B BEEH A TR P A B AT BRI 4w
FH TP RARGRE P A oG U2 R BFIRE ERIFT
% 4p ## (Yang et al., 2024) » &7 = 7 & = grilv%vé GE TGRS R SR

B oo
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SRS ER G TR AE TH G L BT & P
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¥-& #H7

AT EATE IR ERALE BB N B R BAE ] BT HOHG

(Chan & Lin, 2023) » = %57 § T 5 % % B oked it Bfmph R 35 | 817

Bl prade A AR RFARFEAREG T FRA LA HF R

] BTSSR o

T-week-old male C57BL/6 mice

— |
| 0l%(ww)ademine |
| cul | | Hiww | Hfu+ade | Hfuftade
|
Sacrifice on 44 week-old
|
Blood urea nitrogen, Urine protein, Histopathology
Creatinine Creatinine,
KEn-1

W 3-1 F%K3
Fig. 3- 1 Experimental design
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24% fat, 30% fructose

22 weeks,

T%afat, 30% fructose
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Foo& O HER
- EPeE

AB G s 638+ 1 CSTBL/6 28 » A w4k e - pd ik
Bogiok 2 G B SR R A 22£2°C 0 ApEHBRAR S55£10% 0 R~ B ETR
12/} pF e 2P b P HRE;EPFT RER cF BT HRDFRALE
4 R ¢ (JACUC) % % > IACUC # ¥ %% - NTU-110-EL-00190 -
| BUE TR BB AIN-O3 4 — (8> 30 7T #4542 4] (Ctrl,n=9)~
”’j“&j—l}v\’/ﬁ‘ & (Ctrl+ade, n=8) ~ * ¥ £/ 2 mgkg 2.5 3 % #;%E;T\?g’}r“/f’\ s (HFF+ade,
n=12)% § 110 % M 02 mgke 2 % & % AFEMF Lkt & (HFF-frade,
n=7) o Ctrl 22fr Ctrl+ade =4k 4 AIN-93 ~ HFF+ade - HFF-f+ade %4k 4% /¥ &
S Ao dF 15 % > Ctrl+ade %=~ HFF+ade ‘2 4r HFF-frade »% 22 i¥ &4 {4 4P 42 40
kb b BT (Ighkg) 0 F e 3 B R 4R 2 (Hfrueeon=8) + § % Bk
(Hfrutade,n=12) ~ & % & & s 7 iﬂijlv%v/% 2 (Hfru-frade,n=7) » #F 4§ & a 22 i » /]
BT A4 T ool e S ek 3-1-F % FH T E e SHEZ HRE

- XA EPE o

ol o R HES 2R s TR EE AT (p31)
= R R

bol 8- R HOR S 2 S

*‘*
Ji
\4
N
D2

TR R B 2 RSE ) (p.30)
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Table 3- 1 AIN-93G purified diet composition'

Ingredient (g/kg) Ctrl HFF HFF-f  Hfru Hfru-f
Folic acid (mg) 2 2 0.2 2 0.2
Lard 226 226

Soybean oil 70 10 10 70 70
Fructose 316 316 296 296
Sucrose 100 100 100 100 100
Corn starch 529.5 2334 2334
Casein 200 230 230 200 200
Cellulose 50 57 57 50 50
AIN-93G mineral mix 35 42 42 35 35
AIN-93G vitamin mix 10 1 1 10 10
(W/O folic acid)

L-Cystine 3 4 4 3 3
Choline 2.5 3 3 2.5 2.5
Total energy (kcal) 3960 4724 4724 3960 3960
Fat (% kcal) 15.9 45.0 45.0 15.9 15.9
CHO (% kcal) 63.6 35.2 35.2 63.6 63.6
Protein (% kcal) 20.5 19.8 19.8 20.5 20.5

1 Reeves et al.,1993

201 B 22 #F#>% ade _9_/,"']‘ 4r 0.1 (1 g/kg diet) gfj"\";?}.—vl% 8 (Sigma, A5565)

3Folic acid, Casein, Choline (Sigma, F7876, C7078, C1879) ; Lard, AIN-93G Mineral
mix, AIN-93G Vitamin mix (MP Biomedicals) ; Soybean oil, Sucrose (Taisugar) ;
Fructose (ADM®) ; Corn starch (Samyang) ; Cellulose (JRS PHARMA) ; L-Cystine
(Wako, Japan).
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e~ ow g ERERPT
Ve dik Rl R E R § & o Lacticaseibacillus rhamnosus % £ £ 570 2 £ &

TaEmERERIMN T NS EHL L LR SERS

lf“iﬂ

(-) ERG RrRw®
CIEE
1. ¥p 3 KpF: Lacticaseibacillus rhamnosus (ATCC No.7469)
2. MRS Broth (Biolife,4017292) : P~ 11.04 g MRS #> % ;3 >+ 200 mL - =X -k » 34 pH
B 6.4 M 121°C R ) 15 A48 A Eris 3t 4°C iR o
(=]
P~ 5 mL MRS broth » #v » 10 pL 4 i Fig » 1 37°C 4k 32 % 18 /| pF > £ 45 M8
BRETTRFTERERPIE
(=) EmZERT
[ 4450 g2 2 ]

1. % Fi%

Ji

2. 0.1M phosphate bufter saline(PBS) :

10xPBS e #:#- 80.0 g NaCl (Sigma, S7653) ~ 11.6 g Anhydrous Na,HPOs (Sigma,
$8282) ~ 2.0 g KH2P04 (Sigma, P0662) 4 % 2.0 g KC1 (Sigma, P9333) i3 **/= - =

FokEFE I 1000mL > 3 pH I 7.4 12 121°C = ] 30 &~ 4877 5 10xPBS -

P~ 50mL 10 x PBS 4c » 450mL - -k » e @ = 1xPBS > # pH i3 6.2 12 121°C
7 7 30 4 48 0 4 4ris 4o ~ 250 mg ascorbic acid (Sigma, A7506) > 12 121°C = F 5 A&
48 0 L ErET 4°C g o

3. Folic acid casei medium (Himedia,m543) :
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P~ 188g kM- K-k EF L 200mL > % pH % 6.7 £ 4 » 100 mg ascorbic
acid » 12 121°C /@ ] 5 A 48 > A 4ris 3t 4°C g o
4. 0.9% NacCl (Sigma,S7653) :

P~ 450 mg NaCl 4= & 12— =t K €7 2 84 = 50 mL > 2 121°C = 7 30 & 48 > 4 4P
{835 4°C %75 o

5. 12.5 mM NaOH (Sigma, S5881) :

P~50mgNaOH #s % » - =t -k Z % % 100mL > ¥ % 12.5 mM NaOH ;3 ;%

6. 3 f4(Sigma, S8758)1 1% i

20mg £ A 0 33 10 mL 12.5 mM NaOH 73 7% > 45 0.22 um Jjg "
(Sartourius, 16532K) /g > ¥ 2 mg/mL ¥ k83 7% o

(=]

kerpe

2mg/mL EpEEER % IxPBS el 5 kA& (1-0.80.6~0.4-0.2~0.1ng/mL)h
o &0 s 1S 1R 22 1XPBS A2 100~500 2 » 3~ 120pL/well 52 5o i 15
Fetr ~ 96 well % o

Flirped

P~ ImL % = & Fig 4 4°C 12,000 rpm &< 30 §) > &% F Fi% > e~ 1 mL 0.9%

~

NaCl £33 5 » £ 12 4°C 12,000 rpm 4t 30 4 » £ 4 3% 2 3 = > B~ 25l 18
% 0 4 50 mL casei medium - 2000 % 0 B~ 120uL/well Fik 4e ~ 96 well

45 2 37°C 1 % 18~24 P > B 620nm sk k(o & A R W M E FRLER o
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I~ FHRRE
() ERAREF R
dofe F - R E S e e TR AR (p33)
() 5 F 8 iR oL R
dofe F - R E S e e TR AR (p33)
() IR B RORVERLET ER
dofe F - R E S e e TR AR (p33)
(z) Jki® ¥ kidney injury molecular (KIM-1) # ]
(454 22 224 )
1. Mouse KIM-1 ELISA kit (IGL, E-90KIM)
(1) Enzyme Conjugated Detection Antibody : #- 100x Diluent Concentrate /4 ddH>O
¥ 100 &
(2) Diluent Concentrate : - 5x Diluent Concentrate '+ ddH20 #ff 5 &
(3) Wash Solution Concentrate : #-20x Diluent Concentrate 14 ddHO #§ 20 &
[-2]
#-100 pL/well =28 d & (5+2.5+1.25+0.63~0.31~0.16 ~ 0.08 ~ Ong/mL) fr 3x
Rk S > O6well ¥ F B H 2] B "1% &1 0 4v » 300uL/well 1x
wash buffer i “,/T‘. buffer {5 & 52> € 47 7% 4 = » #%- 100uL/well 1x Enzyme Conjugated
Detection Antibody 4v » 96well % % /§ #¥ £33 & 30 & 48 > & 4 = » - 100pL/well
Chromogen Substrate Solution 4t » 96well % % ;8 3 % 10 4 45> £ #- 100uL/well stop

solution 4t » 96well % > 3 P~ 0.D.450 > #-'& % % » £ & ¥ M2t 5 KIM-1 ER -
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iz * SPSS it {7 53t 4 4% 0 % * GraphPad Prism $ic§8:8 {7 5 B ° =R Y
Mean+SD % 77 o ™2 Student’sttest ~ 477 22 B A E X R - &7 Ctrl +* #&0 % *p<0.05
273 BEALRE > L Hftupe 't 2 0 fp<0.05 273 ¥ LR -

12 One-way ANOVA ¥ {514 Duncan’s test i {74~ 47 > 2 3 * %7 2F £ 5 ¥

AR ratThBE bDEATFE R
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7 3 de| S )44 AIN-93 ~ HFF ~ HFF-f 5 4 15 3% > 22 b pF > 1354 §
@ % % % Hfruade) ~ Hfru +ade ~ Hfru-f+ade = 2% 0.1% ’«’%V;;"-}.-vé (1g/kg) # 5 %
G o 4t AIN-93 1 Hftupao f] B3 det SHE B EHFE L (3 3-
2~ % 3-3) 26 & & BUN k&R B F 384 > ¥ P L5 80 mg/dL (W 3-2)
Ba ) REHaXIHG o Ra ] RARWE ~EH 4 2 FEM T > &30 27 8
PR AL S SRS o B ARARR R AR (AR 30%) 0 ] R E PRI 4 0 B

o~y

1:\—*\:

Tk
{

XA o AbrIBed w2 {5 Hfrutade ~ Hiru-frade & f o) B0 26 3 41 € -
#s 24 BUNGER A 5 ked B St MR AL 1S ghkgo - &2 1
WEPANREFL 194 Hitueo L £ 78 Mg % 0 0RI8 3 7 i 2P0k
BN A KHBE TG Ak > A MR B R (0§ 23.6% %
W7 29.6%) " Md R AT AR E FBAE (B 7 7% FHEF 29.6%) 0 F A
LA BEPEEM (£ 3-2°4 3-3)0 TH a4 BUN B EH 4 (F] 3-2) -

BE ] BLE 0 B R 0 o
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Table 3- 2 Effects of different diet on body weight of adenine-induced kidney injury

murine model.

G 22 week-old 26 week-old 34 week-old Final
roup

n BW(g) BW(g) BW(g) BW(g)
Ctrl 9 35.11+£5.72 38.19+6.27 40.33 + 6.81 43.69 +7.38

Hfru(ade) 8 35.85+4.12 28.48+4.41# 2935+3.97* 34.05+4.83*
Hfru+ade 12 40.63+2.00 45.19+1.50# 37.97+3.667 34.25+5.57*F
Hfru-f+tade 7 38.05+495 41.27+6.23  30.11 £2.75% 2596 £ 1.57*F

Values were mean = SD. n=7~12. *p<0.05 compare to the Ctrl group. 7p<0.05
compare to Hfrugde).#p<0.05 compare to 22 week-old.

J3-37 B4R A e RS S TG L BB R Sl
Table 3- 3 Effects of different diet on energy intake of adenine-induced kidney injury

murine model.

22 week-old 26 week-old 26 week-old Final
Group n  Energyintake Energy intake Energy intake  Energy intake
(kcal) (kcal) (kcal) (kcal)
Ctrl 10 1424+228 13.51+1.51  12.38+0.79 15.27 +1.31
Hfru(ade) 8 13.21+2.27 10.40 £ 1.13*  11.93+£2.04 13.19 + 1.87*

HFF+ade 12 12.65+1.48 1255+ 1.17  11.68 £4.73 13.80 £3.17*
HFF-f+tade 7 12.65 +0.96 11.64+2.07 10.79 £ 6.34 11.80 &+ 2.94*

Values were mean + SD. n=7~12. *p<0.05 compare to the Ctrl group.
1207 — = Cul

100—- * % N HFrugge

801 * B3 HFru+ade

] B3 HFru-f+ade

BUN (mg/dL)
H (2]
o o

P T |

N
o
M |

o

age (weeks)
W 3-2 /] & BUN kR
Fig. 3- 2 Mouse BUN concentration. Values were mean + SD, n=7~12. *p<0.05 compare

to the Ctrl group.
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Hfru-frade | B 8 i #b4k b 244 £ F i (Omgke) 2 4L > d 4| B¢
WEFA2 E ~#FEa L5012 12 @8] B FRAEIrHI /10 £/
(0.2 mg/kg) > /] BFEs EM Y2 o 57 W RERKRY TR PR > Hfru-frade
Eol BR27 ik ELpE - 1/10 EpLE M5 A4 1/20 £ (0.1 mgkg) 0 KA o ] BB E

(g

SR RTEREN E i R AR 0 2t 39 kR w AR T 1/10 0 ]

RESEM A (2 3-4- % 3-5)-

% 3-47 FEREPE ] AL PPE
Table 3- 4 Effects of different folate intake on the body weight of mice
8 week-old 12 week-old 27 week-old 39 week-old
n BW(g) BW(g) BW(g) BW(g)
Hfrutade 12 2433+0.67 3251+134 43.64+133  35.62+5.18
Hfru-f+ade 7 2449+ 0.87  28.26 £2.24* 4036+6.16  21.46 = 3.04*

Group

Values were mean + SD. n=7~12. *p<0.05 compare to Hfru+ade.

% 3-57 F EdEREH O QRS £l P
Table 3- 5 Effects of different folate intake on the energy intake of mice
8 week-old 12 week-old 27 week-old 39 week-old
Group Energy intake  Energy intake Energy intake Energy intake
n (kcal) (kcal) (kcal) (kcal)
Hfru+ade 12 10.57+0.92  13.45+0.93 8.08 +0.97 11.34+2.91
Hfru-ftade 7 10.82+090 10.71 £+1.38* 8.53+1.55 8.71 £ 4.25*

Values were mean = SD. n=7~12. *p<0.05 compare to Hfru+ade.
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(Z) ERY AR RHAERP 2L L B Y

| Bk 1S R R G E AR B o Hfru-frade 2 A8 F MO H 4 2 2 (B 3-3A)¢
Bl BT I AMAREROEFYP ES R E L RE P E TEE AR
£ %P~ > Hfru-ftade = %8 ¥ >3 © 2 (@] 3-3B) o Hfru-f+ade 2. # & & $E5 ¥ 3
** Ctrl 2 > Hfrugde) 2 fr Hfrutade 2R 5 3 4v cra8 % (W] 3-4C) 5 % BHER

3BTRS R

80 200
- a @
E_] 2 g

o

S 60 ) 3 1509
e x o o —~
- 4 8> = - = )
o c8 e )
3 =T e o & 100
© 40 == e L2
K4 3w e o E i
-2 ] E g Sansl [
£ E= = £ 50+
5 20 2 @ )
[} = w
[ e =

0 ':: o

S N o @
¢ ‘o\"’e i \x'bb
I & &

Bl 3-3FM? G A EJ/MPEMEZ G B3

Fig. 3- 3 Folate insufficiency reduced energy intake and elevated fasting blood glucose
levels. (A) serum folate, (B) energy intake, (C) fasting blood glucose. Values were mean
+ SD, n=7~12. Bars with different letters indicate the significant difference (P < 0.05)

analyzed using One-way ANOVA, followed by Duncan's post-hoc test.
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(2) ket AAest K R 2 g eh
fﬁzﬁ’”’*j"&%ﬂ’% 37 i¥ {4 » Hfru(ade) -~ Hfrutade ~ Hfru-f+ade = 245k € 325 ¥ 3

ST R R § R SRR ST AR (W 3-4A) - &2 Curl fep e

Hfru(ade) ‘= ~ Hfrutade ‘2.2 Hfru-frade &/ 3+ & ¥ % > Ctrl = (@] 3-4B) > &

Tl R w4 i o

(A) (B)

m

=

@

»n

3

_ﬂ" —_ £ =
S g Lo
€9 b ==
53 4 a2
S E 28
; ~ = 6
20 ° o

=

—

(=2}

0- £

Ctrl HFru ;q¢y HFru+ade HFru-f+ade ~

Bl 3-4 5ol s 4o 4k £ 22 7 B

Fig. 3- 4 Adenine increases water intake and urinary protein levels. (A) Comparison of
water intake before and after adenine feeding. (B) urine protein among adenine-induced
kidney injury murine model. Values were mean + SD, n=7~12. Bars with different letters
indicate the significant difference (P < 0.05) analyzed using One-way ANOVA, followed

by Duncan's post-hoc test.
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Mta%EE > e 02 Cul 224 > Hfrupde ~ Hfrutade ~ Hfru-f+ade = 2%
FoOFRRER T SR E RO FRM L E S 5 0 & Crl 2 4p
' Hfrutade 9 E £ B ¥ o Hfru-frade 2@ %% 4p 4 € B F " 10
Hfruaae ~ Hfrutade ~ Hfru-ftade = &2 ¥ % #q 5732ip 3 £ 5980 5" 00 B 0k

A AR AR T M R R PR TR A N B (R 3-6) -

2 3-6FFRHEAHIFLE
Table 3- 6 Absolute and relative organ weights

Kidney Liver eWAT rWAT
Group n Absolute weight (g)
Ctrl 9 0.26 +0.03 1.80 +0.40 1.63+0.55 1.12+0.42
Hfruage) 8 0.15+0.08* 1.44+0.13*  0.99 +0.59* 0.51 +£0.33*

12 0.21 +0.04* 1.48 +0.25* 1.09 £ 0.58* 0.62 £ 0.36*

HFF-f +ade 7 0.17 +£0.03* 1.17+£0.10%  0.28 £0.04* 0.15+0.04*
n Relative weight (%)

Ctrl 9 0.59+0.12 4.06 +0.48 3.65+£0.94 227+1.01

Hfruage) 8 0.56 £ 0.10 422+0.30 2.72+1.35 1.39+£0.79*
12 0.61 £0.09 4.20 +0.60 295+1.32 1.68 + 0.84*

HFF-f +ade 7 0.61 £0.23 424+0.28 1.03 £0.13* 0.54 +£0.14*

"Values were mean + SD, n=7~12. *p<0.05 compare to the Ctrl group.

’Relatve organ weight(%)=absolute organ weight/body weight x100%
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Mol AP G R TR 0 Ao DRSS (W] 3-5A) ) ARSI R
R TR E 4 (W 3- SB) > Hfru(ade).féf’_'%ﬁzé?’”??%—vé 5iFiza B3 9;}1@!}4@ B
HAPE SR R A 1T X E D) R A GRRY > DEZEEIES K
GO ERT B o Bon T A EF &L 802 4R - Hfrutade -~ Hfru-frade @ 2
2B FrERFART AR BT ERAIEHT S L ORE] R H
T R 8 (B 3-5B) o Hfruwae) fr Hfrutade 2/ 3+ & ¥ 3 4o > Hfru-frade ‘&
Feite Kim-1 7k & & ¥ % % Ctrl 220 @ Hfrugde) & e Hfrutade ‘e 7] B 1 AR S 1434 40>

Bor e ERS L AT H G (W 3-5C) -

(A) (B) ©)

Ctrl Hfru (+ade)

Hfru +ade ;HVF l‘ll.-f +ade

Urinary KIM-1
(ng/mL)

Serum creatinine / body weight

Bl 3-5 5oBed 35 T 4 1R 40

Fig. 3- 5 Adenine administration elevates markers of renal injury (A) The representative
image of kidney (B) serum creatinine/body weight ratio (C) urinary kim-1. Data were
mean + SD, n=7~12. Bars with different letters indicate the significant difference (P <

0.05) analyzed using One-way ANOVA, followed by Duncan's post-hoc test.
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(F 3-6A): T BE 1 +tade = 2B wmie 2 BE ¥R Cul 23 (W 3- 6B) -
Masson’s trichrome Z% ¢ &7 ¥ § FJ 304 %R 3 P A 4 (W] 3- 6C) >
Hfrugae 2 54 8 1 & B ¥ Cul 23 > Hfru-frade o T 58 A1 5 M ¥R

Hfrutade 2.8 (W] 3-6) > M7 EM* L7 it § 4o jl Toagan -
(A)

H& E

(B)

Immune cell infiltration
(% Area)
o
1
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Ctrl Hfru (4 Hfiru +ade HFru-f +ade

Renal fibrosis
(% Area)

Q
\( Q,\ (] <
R & x'bb Kx'bb

Q‘ ‘Q Q
EOR AN
& g

B 3-6 | RFERAE R

Fig. 3- 6 Renal fibrosis in mice. The representative images of (A) H&E-stained kidney
(cortex, 200X). Renal histology showed deposition of dilated tubules (white arrow),
tubular epithelial loss (black arrow) and dilated Bowman’s space (black triangle). (B)
Trichrome-stained kidney (tubulointerstitium, 200X; upper panel) and trichrome-stained
kidney (cortex, 200X; lower panel), scale bar, 50 pum. The quantification of (C) immune
cell infiltration and (D) renal fibrosis area from AIN-93 or Hfru fed mice. Bars with
different letters indicate the significant difference (P < 0.05) analyzed using One-way

ANOVA, followed by Duncan's post-hoc test.
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FIR RBOEMRT PLEAAETH G AT L on

- BRREREERH] AHESRST
FPEf R BREAMETHEEDLERL G AT EATFE TN F
Fldk £ 2 300 B R MEAR & ROTIEE Sl 12 T ¥ e 4 (Chan & Lin, 2023)
DT P 2B W8 * B &S Hfrutade 2 4c Hfru-frade - & » Ctrl
2 fr Hfrugge) 220 BUP] &4 AIN-93 &8 &5k > &2 L5 g7 7 % % 4p vt > Hfrutade &
{r Hfru-frade ‘o] EIRE & 3 4o g B T 42 5 > H0p 5 0 9 AP 4640 i - 49
RPER) ERSEEFEE B RME L D@ FRTE o | B 12380
%0 B EEA&S - B 1S p#St Hfrutade % > Hfru-frade 20 R E3H L SR/
I AP R R R FIEMA L RS E i (AT B RS ik

BAET ELTT 2 5% wat 1/10 £/ (0.2 mg/ke) (Chan & Lin, 2023) » % #¢

el

ERis | QS EM AR WEL EBH 4 0 KA > T 21 ids > Hiru-frade 2

£ 9% <3 Hfrutade &

—_— ”’j’i‘%"/&‘ o RMEE T Ry

Hfruede) e~ Hfrutade {- Hfru-frade -] 803% 22 iF &3t 45 ¢ x4 0.1%
”’j’U}’%V’% v Ak AP 1S Hfruede e > MER FH K Vg d *?’hj“&%v/% € 51t AMPK >
PTG R AR N B YR MOFER S BOUR S A W P 2 "2 FH iR (Padalkaretal., 2023)-

Hfrutade e #8 & & & & % 3 4 > Hfru-f+ade 288 £ X 7 B¢ ¥ £ & - 26 ¥ BUN

it

AT PR AR w0 B Hifuao 2 BUN AT 3 ¢ £ 2 12 80 mg/dL
Hfrutade ‘= Hfru-fade tei2 5 B F % 1 < F7 3 4p &> A&k 7 12 i€ APRT 42
feoid = 2,8DHA $aff ) g m L e p F%8 T4 5 (Yangetal., 2024)

HAFERE T FRES DR R R RORE S S TS HT G P KA A
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Pf%%%ﬁ’%$%%¢@’$M$%g%ﬁ%%¢%?ﬁﬁﬁ%’ﬁMdﬁs
PakR @ € 3 4§ wked > ¢ xanthine oxidase 3 4v § R4 ) ”ﬁl?i PA PRZBES D 5
=~ 2,8-DHA g2 ff » T § £2H 8 o &30 & 27 & & > Hfrutade % {- Hfru-
frade 2 %3 % B B2 B35BT T W (85 F 85545k 57
HER ALY P ¢ % Hiru-frade 248 ¢ 1/10 £2ee 5 1/20 (0.1 mg/kg):

HERE AR RO R RME S T i

= REAFEFLTHGRETR
Hfruae) (245 847 0.1% ket £ 538 0 S 4 ) RAEE sefrd s> 0
S8 ket o FHEBBUN S AR FF L THGLET Lr g o B ST
2 Hfrutade £{- Hfru-ftade %2t fi > 3533 % S48 L2 4o T4 % Hfruae
e B 28 dSARAN R RAEAE > HHUBRMESTHE o d M4 FREPTH
PR T eRFrR Rl ff 28 B ANk 10 TG R
BATH LA gRE PREZGS L R e AT RSP

(Klinkhammer et al., 2022)

B RS B B R R

d 3> AIN-93~ F b B F B2 3 S - & 2 s 2E AR o 11)

TR BB FBAET T ¢ B EAEESE (Chan & Lin, 2023) > &3 %)

B 27 8L E et 5 ARAPB S MEAE > 4 EI g% o
RHEATIALDFTEES BB SBES 1265 | RE G BEF

B3 Cule > m EFppr ¢ B2 64 ##ER (Chan & Lin, 2023) » &7 3 & 3 e
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% 7 &40 > Hfru-frade %o ] B2 & o $E8g ¥ 3 > Ctrl %2 > Hfrutade %2 4v Hfrugde)

BEGw T AR R A T A AR R AR G H 4| KA G4 (Dornas et al.,
2015) -
I~ ERALIR ] REIIENLRE

Hfru-f+ade -] 8128 3 39 ¥R € 8¢ F T " T 4F i, L"gHE o £ "8 10
TP B abp Y ERMERT M R S ERALERY T EHLEMR AL
T ' (Ponzianietal.,2012) - #-E w4 I & ¥ EF1/10(0.2mg/kg) s > fE &

BSEHEYA  MALSY EREAHUELEI R £ BT

s R b 4 Gk B 8 R

YA D R R BT AQP2 kA £ A Hh AR
(Atay et al., 2024; M. Zhang et al., 2024) » o -] Bl4c Kk & B ¥ 3 S faip) ] BURE 7 i
Bideo s 3R F ERE IR By & ROV BT IR T IR R T
d *’?’%&ﬁ””’j’i‘%"’%‘ g Ae ] BARE e prts A E i Sl AR T 3R e AR R
{v baseline KR I > 5 % & 5% Hfruade) & ~Hfrutade &= UPCR % % & % Ctrl %2> Hfru-
frade ‘e P ABFUIEH 4e > 7 av d 30 ) BRI o e R @ R kY & Hifru-
ftade frCtr ez g B F AL > » 5 7t s E PR 0 ) & IR RPFRT

W E o e R ROEFEER A R R iR L

SRR ER TR R
EHGET UGS P 0 RA ) Rkl SIS RE S B4

BEBAEBF 17 O THIREE S (W 3-5A) B TR A BRA
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i (Diwan et al., 2018) - Hfrutade ‘. {r Hfru-ftade ‘e Ak &9t drd 22 8 34> &
IFLVf P RRRh R R o REE A ﬁ‘{ﬁl"ﬁ’ z kA 2 » 4 Hfru-f+tade 2 g 4c PP
B PRRG AT iR SR R T R ER T G R THITG o Foacd 3
SAEE B AR A B HE T Hifla $R ek slg g it (Moatetal,

2004) > EpL i #p S-methyl-THF ¥ & i K,/Tt 2% pd A E4i v (Kanbay

etal., 2023) » ¥ it £ 3 5% Hfru-f+ade 22 F % ot gL 7] s 2 e p 7] o

A RBEER DTS iRl

Hifugae 27 & (5 1 Gfed o 55 BePd SRR i kR § 10 ABTF
B Cul e T 2FA80mg/dL 2+ > T # &z v (B 3-5B) &+ TP
4 it 4 % Fl4rd] o BUN *t Hfruqae 2 - Hfrutade {r Hfru-frade .= 22 ¥ 2
MELR AL FRAT SRS THEREIN RSB ELER

Ao BRI R SRR 2 BEl

m&\;

R RS Sk T S

5

PefFie & o e AR AR R E R 0 B % BT Hirugaae) S R TR B 3 Cal
‘> Hfruede) 2 ~ Hfrutade 2 fr Hfru-f+ade ‘e n i vphfrs & 5 = 3 4% - Bgor
FAET A RPN AEEF DR FRAARTRFES R0 EPRELR
FORFRZEZFRAFRFLA VAL E L) KRS A G Eikat

B2 IR o B Fv * F > Hfru-f+ade 2 5% KIM-1 kB & % 3 > Ctrl & >
K K 7

W

@ Hfru(ade) 2 fr Hfrutade & R4 1 ABF 234 > KIM-1 kR ¢ Fl5 5 g4 5
Hrm ~ & IR (Chen et al., 2023) » 7 s A % E & é@f‘frﬂijlv%vé 2 2,8-DHA 3a

MIE T F4xF B ROSH 4o m M LR #LF 4l 4 ¢ % Hfru-frade

ErRGR Kim-1 ERBEFSLE -
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1 RBEERT ChpleRpm g foia

”ﬁi‘%‘%\% R FTEEORBE T E AR ST F e BT X s
R 0 A EH G AR MR LR RTER o B S B
(Klinkhammer et al., 2022) » 7 3 » 45 217 % 5% 130 2,8-DHA & #iwff (Jiaetal,
2013) » e A B PSS ABEZICR G o P A B SRR > ER ST
IR RIA i L S S U R BB ER A BV i £ ;m;]-uap/\e&épj BT

B4 BRE AL 2R TG -
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Frd RRAERAARRESEETH G Kol P

Boka o AFHE ST BRI RTH PR T B2 R o ) R A

ER VY EREES SRV o RS S -8 TS RS S

%o

‘\3\\-

T F TN AFETRADET ST 10 BERA LT U ME A S R

a

EFTRERER (£ 2016) 0 kR BICE RS S B E A E R A

TR

8-week-old male C57BL/6 mice

10 weeks
[ T \ T T |
Ctrl Hfru Ctrl Hfru Hfru-f Hfru+f10 79 fat. 30% fructose
(n=12) (n=12) (n=12) (n=12) (n=12) (n=12) ' l

: : T I l 12% fat, 26% fructose
0.1~0.2 % adenine-induce kidney injury

\
I _ 1
Hfru+ade Hfru-frade | |Hfrutflo+ade| 7 weeks
| | |

Sacrifice on 25 week-old

|

Folate level, Urine Mass TG, TC Histopathology,
AST, protein, ASTALT Hypoxia and
ALT Creatinine, inflammation
BUN, KIM-1, gene expression

Creatinine NGAL (Hif-1a,iNOS)

W 4-1 % %3
Fig. 4- 1 Experimental design

68
doi:10.6342/NTU202403133



>
»

5]
s
,‘m
+

fj’xﬁtd‘ :Lu “(i-f E?\:ﬂ VA F% ]? %;}'F 15 &_\,‘ m',?;/ _3§_f§

¥ MR
-~ BHRER

pPRGE P s~ 63F X GCSTBL/6 B 4 w4 F b > pd &
Boiok 2 G B SR R dAl A 22£2°C 0 ApEHBRAR 55£10% 0 R~ @ ETR
2 FE e AP E S FRRGERT EFRE CBF TR R RER &
1 i ¢ (IACUC) % &3 > IACUC 3+ ¥ $h¥% 1 NTU-110-EL-00190 - -] &lif &7k
B2 AIN-93 40l — 115 > 0 8 &g A 5 6 & Ctrl 24 (Ctrl) ~ & % 43l
(Hfru) ~ Ctrl #tefeet i (Ctrltade) ~ & % £ & 2mg/kg 2 # % 45 frs 2 (Hfrutade) »
§ 110 B ¥ (02mgkg) 2 F % 4 E @R & (Hfru-frade) 7 10 % (20
mg/kg) B % b E Bk E AT ’Jfllvi & (Hfrutfl0+ade) - = % 12 & ] & - Ctrl =
{e Ctrl+ade 24k 4" AIN-93~H 4rw 4k &% % 49145 § 10 i+ Curl+ade~Hfrutade~
Hfru-f+ade # Hfru+fl10+ade ** 18 ¥ #2442 4 » Adenine * 4 5 (1.5 g/kg) #* K 1
AP T 3E 0 AR AR B 1 0 ) BT 25 Bl o e A drd 4-10 F kY
MErebh- ZMEZH LR B Xl X 8P EE o
Iy mRBFEEE RS

dofe 52 R 2 F oA Ta s e s (p3l)
= KR EE RIS

el %o FHA 2 F 2 s TR B S RIE ) (p.30)
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£ 4-14&3 =4 4

Table 4- 1 AIN-93G purified diet composition!

Ingredient (g/kg) Ctrl Hfru Hfru-f Hfru+f10
Folic acid (mg) 2 0.2 20
Lard 110 110 110
Soybean oil 70 10 10 10
Fructose 264 264 264
Sucrose 100 100 100 100
Corn starch 529.5 206 206 206
Casein 200 206 206 206
Cellulose 50 51 51 51
AIN-93G Mineral mix 35 37 37 37
AIN-93G Vitamin mix

10 10.5 10.5 10.5
(W/O folic acid)
L-Cystine 3 3 3 3
Choline 2.5 2.5 2.5 2.5
Total energy (kcal) 3960 4196 4196 4196
Fat (% kcal) 15.9 25.7 25.7 25.7
CHO (% kcal) 63.6 543 543 543
Protein (% kcal) 20.5 19.9 19.9 19.9

1 Reeves et al.,1993

2% ade E/’]‘ 4 0.1~ 0.2 % (1~2 g/kg diet) *r&rs % 4 5 (Sigma, A5565)

3Folic acid, Casein, Choline (Sigma, F7876, C7078, C1879) ; Lard, AIN-93G Mineral
mix, AIN-93G Vitamin mix (MP Biomedicals) ; Soybean oil, Sucrose (Taisugar) ;
Fructose (ADM®) ; Corn starch (Samyang) ; Cellulose (JRS PHARMA) ; L-Cystine

(Wako, Japan).
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e~ ow g ERERPT

el 2 A 2 S e TR RS RIE ) (p.30)

I~ FE R E

[ e 2am ]

1. [ "&fsgg efs (alanine transaminase, ALT ) 7 & &% (Randox, AL1268)
2. X P® % sichg s (aspartate transaminase, AST ) # & %] 2 ( Randox, AS1204 )
[-:2]

#-20 puL/well ﬁﬁ% 10 B 2 5 54 » 3 96well 4 ¢ > f 4 » 200 pL/well 9 ALT &
AST F Jlsid @ > #EZEF B 1 #4835 0D 340 # [f- ~ B E 45 B
EE o Beih A 42 Bcim A » N2 E ALT ¥ AST /&4 o

He B 5% 0 1746x48 Ak & (AOD340/min) =54+ (U/L)

o R R
[ 4450 g2 2 ]
I. E’_%HE’?'T? (QSP, 520-GRD-Q) : ™ 121°C % &= 730 ~ 45 % *
2. %3k (BioSpec, 11079125Z) : 4 121°C 3 &= 730 ~ 45 *
3. NP-40 IGEPAL®CA-630 ( Sigma, 56741) : 12 = = -kfie == 50 NP-40 Lysis butfer
4. = paH ¥ fa (triglyceride, TG) # & 3##| % (Randox, TR213)
5. B P& FAE (total cholesterol, TC) # & &% (Randox, CH201)
[=i2]
| R AR P~ 100mg AR > 4e » ImLNP-40 Lysis butfer & F 25 - 4 100 &

C 4eis 10 A 451 3 W3 3 » PFRUST R - SO KA S B 10 B - 0z kR
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72 TG & CHOL %2 5 (k& 200 ~ 100 ~ 50 ~ 25 ~ 12.5 ~ Omg/dL)#k &£ %2
o & 4e 10 uL/well I 96well % # » £ 4c » 250 ul/well 0 TG ¢ CHOL F J& 3848
3 37°C F Js 10 A 45753 B~ OD 520 vx sk {8 i ~ R0 &> 298 S ja B kAP

TG 4= CHOL % £ o

SR i Rk
() ERAREF R
dole % - 2R 2 F e e TR R (p.33)
() 5 F 8 iR oL R
dofe % - 2R 2 F e e TR R (p.33)
() FRBv B RORVERLETY ER
dofe % - TR 2 F e e TR R (p.33)
(z) ERERF F ¥
Ccr (ml/min) = [urinary Cr (mg/dl) x urine volume (ml)x 1440/serum Cr (mg/dl) ]
1440: total number of minutes per day
() Jki® ¥ kidney injury molecular (KIM-1) # iR]
dole $ 2 FHE 2 ET NS TEH R, (p47)
(=)  Jki® ¥ neutrophil gelatinase-associated lipocalin (NGAL)+z 2]
(454 22 223 )
1. Mouse Neutrophil Gelatinase-Associated Lipocalin (NGAL) ELISA Kit (R&D,
MLCN20)
2. ReagentA & B: 11 1:1 1 bR fope @

3. RD5-24 Diluent: #-5x Diluent Concentrate '+ ddH20 #ff 5 &
72
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4. Wash Solution Concentrate : #-25x Diluent Concentrate '+ ddH20 #f# 25 i3
(=21

#- 50uL RD1-34 & s34 » 96well % » £ #-12 RD5-24 Diluent #f8 2 &0
50uL/well # 2 & & (5000 ~ 2500 ~ 1250 ~ 625 ~ 312.5 ~ 156.3 ~ 75.1 ~ 0 pg/mL) Fr
20% PR AR R &4~ 96well B E R R 2] P T@J“f e & 18 0 4 » 300uL/well
1x wash buffer T@J“f buffer {$®tiz > £4F 5% 4 = > # 100uL/well 1 Enzyme
Conjugated Detection Antibody #v » 96well % g3 & 2 & | P it 4 & > #
100puL/well reagent A+B solution 4r » 96well 4% F B @k & 30 A48 £ 4o »

100puL/well stop solution I 96well 4 » 3 B~ 0.D.450 > #-35% & » £ & & -5

NGAL k& -

1~ F% mRNA 23L& 447
(=) Total RNA 3 P~
[ 2 3]
1. 2535 ¢ (QSP, 520-GRD-Q) * w4 121°C & B = f7] 30 # 454 *
2. ¥2% 3k (Next advance, SSUFO35) @ 12 121°C 3 B 7 30 ~ & *
3. TRIzol™ Reagent (Invitrogen, 15596026)
4. Chloroform (Sigma, C2432)
5. 2-Propanol (Sigma, 19516)

6. 99.9% Alcohol (Bioman Scientific, E23-4L) :
73
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1 F S kRl T5%IEp R 20 & C

[=i]

Boo P HEHOR O BRI RBE R 0 L 4o ImLTRIzol 324 > # 8 F
BF 2 A 48ts 0 & g 4v ~ 200 uL chloroform » 3 i 23 (5 I F S ID R 45 §5 18
Bk AAr30 ) EAFHFHEA I RBMERLG I S0k FENTES B3 A
4 o 1 4R C~12,000xg s 15 ~ 48184~ 5 = & > P~ F Fig 2 RNAse free 4
B 4~ 400 pL 2-propanol” & &35 5 {5 #F ¥ 2t ki 10 A~ 481 RNA ik 4 4°C»
12,000xg &= 15 » 485 4 “fi Gk o E B Ao T50uL75% EpE R 0 12 4°C
7,500xg Hrow 5 A dBis 0 B TJ FiRoEAFELS S RRSS B “,’T‘%«fkiﬁ
R BTHRP B YR F R 520 11 55°C E A S okwid RNA e
(=) Total RNA F #4x= cDNA

[ 22 324
High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems, 4368813)
(1) 10x RT bufter : 2 pL/sample
(2) 10x Random primer : 2 pL/sample
(3) 25x ANTP mix (100 mM) : 0.8 uL/sample
(4) MultiScribe™ reverse transcriptase (50 U/uL) : 1 uL/sample

(=21

r2 Thermo, Nano Drop 2000 ip| € % it % ~ ¢ OD260 42 & RNA k & -
0OD260/0D230>1.8 i % RNA & 247 o #- 10uL k& 5 200 ng/mL % etk A %
FORER e » QM B g 0 B8R RS UK 232 5 20pL 0 2z~ PCR

% (Applied Biosyste ms, 2720 Thermal Cydler) i& {7 & $#& 4k & 25°C10 4 48> 37°C
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120 # 48 > 85°C5 »4a% 0k & & > B8 adF 3t 4°C - #1718 DNA ¢33t -80 & C 7k

BE o
(2) TETEEREFFRHF &K (Q-PCR)

(444 223 ]

1. Multiplate PCR 96-well Plate (Bio-Rad, MLL9601)

2. Microseal® 'B' Seal (Bio-Rad, MSB1001)

3. Individual PCR Tubes (8-tube strips) (Bio-Rad, ILS0801)

4. iQ™ SYBR® Green Supermix (Bio-Rad, 170-8882)

LB 1yl == F 42 CDNA 4r » 96 well PCR * &% » £ 4 » 2 0.5uL B R

% 10 uM 5 forward primer {= reverse primer » ¥ 4r » 12.5 uL iO™SYBR Green

Supermix & E# A 0 M E S KoK SB R D 25 ul o Bl MV B A o T

€ TR &4 F B R (Bio-Rad, CFX Connecf™ Optics Module ) & i7 £ F] %

WE #1470 Q-PCR F 54 3¢ » £ 12 GAPDH % % 2 F14 £ 9 internal control -

2 E o028 (CLAACH) ©

£ 42 AR 3T

Table 4- 2 Primer sets used in this Research

Forward Primer

Gene 5’to3’

Reverse Primer

3’t0 5’

Hifla  CTATGG AGG CCA GAA GAG GGT AT
INOS CCCACATCAGGT GGCTCATAA

Gapdh GTG AAG GTC GGA GTC AAC GG

CCCACATCA GGT GGCTCATAA

CAG GGA CGG GAACTCCTCTA

CTC CTG GAA GAT GGT GAT GGG
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% 4-3 TS RT-RCR F Jiif ¢
Table 4- 3 RT-PCR reaction program

# FO i cycle

Denaturation 95°C > 3 » 48 1

Annealing 95°C - 10 ) 39
55°C 30 %)

Extension 95°C > 10 ) 1

Melt curve JE_65°C B 4 » = cycle + 2 0.5°C 2 7] 95°C -

R A o
i * SPSS & {7534 47 » ¢ * GraphPad Prism #t 88 :& (7 48 B] o 7 %% % % )4 Mean
+SD # 77 o )4 Student’s ttest » 77 22 FAEF L L o & Ctrl +* #» E*p<0.05 %
TIHEELR
14 One-way ANOVA % {42 Duncan’s test £ (7247 > A 3 * &7 W 2 5 ¥

A8 cat bR @ bATAR G BN
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AP F e REE R e (2 4-4) 57 4 KREEH & 0] K12
SRR b g 3 R T% e i 3 12% 0 1) B I8 B A akdr 0.1% L
med o KA RMELHEIET AR PR ERT EFRE ST oL T R
BUN 7 B > d&ip] 5 &5 b % 2 —E_f{%fgﬂwﬁzl;_ 5 0.1% a;]u Ak el N
BTG o 5t R 19 R MREA R EAFD 02% ) REELHS LT
AP 2 21 GO R E R E D 0.15% 0 ) RAE TR IgRART T % -
SEPHEY .

RpER? ERHRSS PP 227 FEREPT IR I L #
R BWESES T o0 B8 A #FHRB 424 v 110 #E HER
% Hfru-frade ' | B4 » 22 o w ¥ 2 {8 Hfru-frade 2 ] S EH & R
M H B o] B(R 4-5) A ] REER T RERS e ERAEY

AE S, RAE A e BAEH 4 o KA ] B 23 e P T F

b

~

b

fe o B Rt FEMERIE 30ngmL > FFNERF L HRAL TR | R

Felk & )3t 10 ng/mL ekt & 0 o] & 23 ¥ #2 {8 Hfru-frade 2442 >3 2 F

faz B St ) R E SHES EM BT o o o) BT 25 R o
Ctrl+ade ‘= #t & #P~3 ¥ i€ » Hfrutade 23 F 5 F » MER @ Hfru-frade

Jn

Xy

(g

BrEEEHE s AavH 0 BERL YR EEHED (£ 4-6)°
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Table 4- 4 Effects of different diet patterns on body weight among mice.

Group 18 week-old 19 week-old 20 week-old 22 week-old
BW (g)

Ctrl 32.6+3.9 33.5+32 343+3.8 35.5+3.7
Hfru 37.1 £4.2% 37.6 £ 4.9% 38.6 + 5.4% 39.6 +6.1%
Ctrl+ade 32.442.5° 32.8+3.4° 28.4+3.0° 223+1.9°
Hfru+ade 37.3+2.8° 38.5+2.7° 35.0 +3.12 28.8+2.6%
Hfru-f+ade 33.6 £ 4.1% 33.7+4.8° 29.9+4.8° 25.7+3.2°
Hfru+f10+ade 35.4+3.20® 36.9 +£3.2° 33.9+3.4 29.3 + 3.5

Values were mean + SD. n=12. *p<0.05 compare to the Ctrl group. Different letters
indicate the significant difference (P < 0.05) analyzed using One-way ANOVA, followed
by Duncan's post-hoc test.

% 4-5A RGO AESRRR

Table 4- 5 Effects of different diet patterns on food intake among mice.

Group 9 week-old 12 week-ol.d 23week-old 25 week-old
Food intake (g/day)
Ctrl 3.1+0.3 3.1+0.3 3.6+0.9 3.1+0.3
Hfru 3.8+ 0.3 3.5+ 0.3 3.2+0.9 2.8+0.6
Ctrl+ade 2.8+0.1¢ 3.1+0.1° 24+0.6 2.0+0.2°
Hfru+ade 3.6+£04° 3.8+0.6% 2.1+04° 1.9 +0.42
Hfru-f+ade 32+0.4° 2.6+0.5 2.1+0.5° 1.1+£0.7
Hfru+f10+ade 3.4+0.4% 3.1+0.3 2.8+1.1% 2.1+0.4°

Values were mean = SD. n=12. *p<0.05 compare to the Ctrl group. Different letters
indicate the significant difference (P < 0.05) analyzed using One-way ANOVA, followed
by Duncan's post-hoc test.

% 4-6F A GF> T HAEHEPR

Table 4- 6 Effects of different diet patterns on energy intake among mice.

Group Before adenine Afte?r adenine Total
Energy intake (g/day)
Ctrl 12.94 £ 1.70 13.06 £2.43 12.95 +2.03
Hfru 1438 + 0.77* 13.49 + 1.60 13.99 + 1.32
Ctrl+ade 11.79 +0.29° 9.71 + 0.60° 10.37 + 0.41°
Hfrut+ade 14.58 + 1.23* 11.18 + 1.36° 1236+ 1.17
Hfru-f+ade 13.28 + 2.00° 10.04 +2.15° 10.77 + 1.74°
Hfru+f10+ade 13.49 +2.19° 10.55 + 1.43% 11.61 & 1.46%

Values were mean = SD. n=12. *p<0.05 compare to the Ctrl group. Different letters
indicate the significant difference (P < 0.05) analyzed using One-way ANOVA, followed
by Duncan's post-hoc test.
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(=) 4HkE

7 L RApl o AR GOk BRFR S (R 4-7) HF 0 [ '
18 88k 47 0.1% "ekeb 15 > FF Ctrltade b kK BRFH 4 > B D24 ¥

Bl BT 02%NEATE > kBT A

£ 477 FoR MET L RACKE R

Table 4- 7 Eftects of different adenine doses on water intake among mice.

9 week-old 19 week-old 20 week-old 22 week-old
Group .
Water intake (ml/week)

Ctrl 23.12+4.98 26.49 + 6.90 2686+ 7.42 2591 +£5.55
Hfru 26.14 + 8.09 33.25 + 7.08* 33.25+ 7.08* 40.88 £5.97*
Ctrl+ade 18.26 + 3.08° 2885+ 4.677 3634+ 4.62Y 36.27 +3.88"
Hfru+ade 26.33 £9.20° 30.52 +£10.84 43.88+ 6.007  44.36 & 3.14%f
Hfru-f+ade 20.66 + 4.12% 31.00 £ 14.90 38.86 + 14.997 41.57 + 14.00°F

Hfrutfl0+ade  2622+7.19° 3289+ 9.06 4428+ 679" 5057+ 11.85"

Values were mean + SD. n=12. *p<0.05 compare to the Ctrl group. p<0.05 compare to
19 week-old. Different letters indicate the significant difference (P <0.05) analyzed using
One-way ANOVA, followed by Duncan's post-hoc test.
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Table 4- 8 Absolute and relative organ weights.

Kidney Spleen Liver

Group Absolute weight (g)
Ctrl 0.19 + 0.04 0.09 + 0.01 1.24 +0.27
Hfru 0.25+0.12 0.10 +0.03 1.36+ 0.46
Ctrl+ade 0.14 + 0.04 0.08 + 0.01? 0.90+ 0.10°
Hfrutade 0.11 +0.01 0.10+0.01° 0.99+ 0.12°
Hfru-f+ade 0.21 +0.25 0.05 £ 0.02° 0.54+ 0.13°
Hfru+f10+ade 0.12 +0.02 0.10 + 0.02° 1.01 +0.15°

Relative weight (%)
Ctrl 0.53+0.10 0.26 + 0.07 3.48 +0.62
Hfru 0.69 = 0.40 0.28 +0.15 3.84 + 0.84
Ctrl+ade 0.63 +0.19% 0.36 = 0.05° 4.10 +0.372
Hfru+ade 0.44 £ 0.06° 0.37 £ 0.05° 3.49+1.15%
Hfru-f+ade 1.15+1.43° 0.25+0.10° 2.96 £ 0.66°
Hfru+f10+ade 0.44 £ 0.09° 0.36 + 0.07° 3.66 = 0.50°

"Values were mean + SD, n=12. *p<0.05 compare to the Ctrl group. Different letters
indicate the significant difference (P < 0.05) analyzed using One-way ANOVA, followed
by Duncan's post-hoc test.

2Relatve organ weight(%)=absolute organ weight/body weight x100%
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Fig. 4- 2 Mice (A) serum (B) liver folate concentration.
Values were mean + SD. *p<0.05 Different letters indicate the significant difference (P <

0.05) analyzed using One-way ANOVA, followed by Duncan's post-hoc test.
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Fig. 4- 3 Fructose and folate increase (A) fasting blood glucose and (B) urine glucose in
mice Values were mean + SD. n=12. *p<0.05 compare to the Ctrl group. Different letters
indicate the significant difference (P < 0.05) analyzed using One-way ANOVA, followed

by Duncan's post-hoc test.
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Fig. 4- 4 The representative images of mouse (A)stomach and (B)small intestine length.
Values were mean + SD. *p<0.05 Different letters indicate the significant difference (P <

0.05) analyzed using One-way ANOVA, followed by Duncan's post-hoc test.
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Fig. 4- 5 Effects of fructose and folate on liver function among adenine-induced kidney
injury murine model. (A)The representative images of liver (B) serum ALT activity (C)
serum AST activity. Values were mean + SD. n=12.*p<0.05 compare to the Ctrl group.
Different letters indicate the significant difference (P < 0.05) analyzed using One-way
ANOVA, followed by Duncan's post-hoc test.
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Table 4- 9 Effects of fructose and folate on white adipose tissue weight among adenine-

induced kidney injury murine model.

eWAT eWAT rWAT rWAT
Group Absolute weight Relative weight Absolute weight Relative weight
) (%) (2 (%)
Ctrl 1.55+0.57 424 +1.29 0.70 + 0.27 1.90 + 0.62
Hfru 2.02 £ 0.29* 420 +2.07 0.81 +0.37 2.02 +0.85
Ctrl+ade 0.47 £ 0.56 2.11 +2.48 0.07 + 0.04° 0.33+0.16°
Hfru+ade 0.37+0.16 1.26 £ 0.63 0.09 + 0.04° 0.32+0.13°
Hfru-f+ade 0.01 +0.01° 0.04 + 0.05°
Hfru+f10+ade 0.55+0.44 1.88+1.29 0.21 +0.17 0.63 + 0.522

Values were mean = SD. n=12. *p<0.05 compare to the Ctrl group. Different letters
indicate the significant difference (P < 0.05) analyzed using One-way ANOVA, followed

by Duncan's post-hoc test.
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Fig. 4- 6 Effects of fructose and folate on (A) eWAT fat pad (B)liver total cholesterol (C)
liver total triglyceride among adenine-induced kidney injury murine model. Values were
mean + SD. n=12. *p<0.05 compare to the Ctrl group. Different letters indicate the
significant difference (P <0.05) analyzed using One-way ANOVA, followed by Duncan's

post-hoc test.
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Fig. 4- 7 Effects of fructose and folate on kidney function among adenine-induced kidney
injury murine model. (A)BUN, (B) serum creatinine, (C) creatinine clearance, (D) 24hr
urine protein, (E) urinary Kim-1, (F) urinary NGAL. Values were mean + SD. n=12.
*p<0.05 compare to the Ctrl group. Different letters indicate the significant difference (P
< 0.05) analyzed using One-way ANOVA, followed by Duncan's post-hoc test.
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Fig. 4- 8 Effects of fructose and folate on fibrosis area and histopathological changes
among adenine-induced kidney injury murine model. The representative images of (A)
H&E-stained kidney (cortex, 200x). Renal histology showed deposition of dilated
tubules(white arrow), tubular epithelial loss (black arrow) and dilated Bowman’s space
(black triangle). (B)Trichrome-stained kidney (tubulointerstitium, 200x; upper panel) and
trichrome-stained kidney (cortex, 200x; lower panel), scale bar, 50 um. (C) The

quantification of immune cell renal fibrosis area from adenine induced kidney injury

murine model.
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Fig. 4- 9 Effects of fructose and folate on hypoxia and inflammation gene expression
among adenine-induced kidney injury murine model. Values were mean + SD. n=12.
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< 0.05) analyzed using One-way ANOVA, followed by Duncan's post-hoc test.
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