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Abstract

Abstract

Sarcopenia, an age-related decline in muscle mass, strength, and physical function,
is of great concern in the public health of ageing societies. Mitochondrial dysfunction, a
hallmark of aging, is thought to play a major role in the pathogenesis of sarcopenia.
Cellular senescence, a response characterized by a stable growth arrest and other
phenotypes including a proinflammatory secretome, has been implicated as a major cause
of age-related diseases. While wild bitter gourd has been reported to up-regulate
mitochondrial oxidative capacity, improve exercise performance and reduce fatigue in
castrated and ICR mice, this study aims to evaluate the effect of wild bitter gourd on
mitochondrial oxidative capacity in an age-induced sarcopenia mouse model.

Three groups of aging C57BL/6J male mice (16.5-month old) were fed the AIN-
93G diet (the AN group) or its modified versions, which contained 50% w/w sucrose
without (the AH group) or with 5% w/w wild bitter gourd powder (BGP) supplementation
(the AHB group) for 26 weeks. Two more groups of 3-month old mice served as the
young controls for AN & AH group, denoted as YN group and YH group.

At the 22" week of the feeding period, the latency to fall and holding impulse in the
inverted screen test of the AHB group were 19% and 10% higher than the AH group
respectively, and were comparable to the young groups (p>0.05). At necropsy, BGP
supplementation restored the age-related decline in the relative gastrocnemius (GAS),
soleus, tibialis anterior, and extensor digitorum longus weight (p<0.05). The percentage
of large cross section area (CSA) fibers in GAS and TA of the AHB group was higher
than the AH group for 9.71 and 18.92% respectively (p<0.05).The percentage of high
succinate dehydrogenase (SDH) activity fibers of the AHB group increased 23% in GAS

comparing to the AH group (p<0.05). Compared to the AH group, the AHB mice showed
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Abstract

up-regulated MRNA expressions of the Pgclo gene, the master regulator of mitochondrial
biogenesis, Ucp2 (ubiquitous uncoupling protein) and Myh7 (marker of type I fiber) genes
and down-regulated Myh4 (type Il fiber marker) in the GAS muscle (p<0.05). On the
other hand, results from two-way ANOVA of data from AN, AH, YN and YH groups
showed significant up-regulations of senescence-related genes in the GAS, liver and
kidney of aged mice (p<0.05). The AHB group showed downregulated p16 mRNA gene
expression in liver and EWAT. Nevertheless, expression levels of the senescence related
genes were comparable to the AH group in the GAS of AHB group (p>0.05).

In conclusion, these results suggested that BGP could improve muscle function and
mitochondrial oxidative capacity, probably through increasing mitochondrial biogenesis
and through inducing fiber type conversion in skeletal muscle and might provide a
potential strategy to prevent sarcopenia.

Keywords : Wild bitter gourd, sarcopenia, mitochondria, cellular senescence,

aging
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Groups Full names

AN Aging mice fed AIN-93G diet

AH Aging mice fed high sucrose (HS) diet, 50% (w/w) sucrose
AHB Aging mice fed 5% bitter gourd powder (BGP) in HS diet

YN Young mice fed AIN-93G diet

YH Young mice fed high sucrose (HS) diet, 50% (w/w) sucrose
Muscles Full names Remarks

BC Bulbocavernosus Androgen-responsive muscle
LA Levator ani Androgen-responsive muscle
Quadriceps Quadriceps Mix-type muscle

TRI Triceps Mix-type muscle

GAS Gastrocnemius Mix-type muscle

SOL Soleus Type | fiber dominant muscle
TA Tibialis anterior Mix-type muscle

EDL Extensor digitorum longus Type 1l fiber dominant muscle
Abbreviation Full names

AMPK AMP-activated protein kinase

ATM ataxia telangiectasia mutated

ATR ataxia telangiectasia and RAD3-related protein

B6 C57BL/6J

BAT interscapular brown adipose tissue

BCL B cell lymphoma

BGP bitter gourd powder

BH3 Bcl-2 homology 3

CDK cyclin-dependent kinase

CLN 9-cis, 11-trans, 13-trans-conjugated linolenic acid

COX cytochrome c oxidase

CRE CAMP-responsive element

CREB CRE binding protein

CRP C-reactive protein

CS citrate synthase

CSA Cross section area

DNMT3A p53-dependent DNA (cytosine-5)-methyltransferase 3A

EWAT epididymal white adipose tissue

FIS1 fission 1 protein
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GK
GOD
GPO
HMB
HS
IGF-1
IL-6
IWAT
MAFbx
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MFN1
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Nnt
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SIRT1
SV
TFAM

grow hormone
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interleukin-6
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Muscle Atrophy F-box or Atrogen-1
mouse double minute 2
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metalloproteinase

mitochondrial DNA

mammalian target of rapamycin
Muscle RING Finger 1
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nuclear respiratory factors
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plasminogen activator inhibitor 1

peroxisome proliferator-activated receptor gamma coactivator-1a,
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p53-upregulated modulator of apoptosis
retinoblastoma protein

reactive oxygen species

retroperitoneral white adipose tissue

selective androgen receptor modulators
senescence-associated secretory phenotype
Senescence-associated -galactosidase
succinate dehydrogenase

sirtuinl

seminal vesicle

mitochondrial transcription factor A
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TNF-a tumor necrosis factor-alpha

UCP uncoupling protein

VEGF vascular endothelial growth factor
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F ™' (Kandaetal., 1989) o F-v F 4 = % '} f2if 5 T Ak plf I 18- ) oo

Pl\/ffuij_ fgﬁ frvxénb °
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PRI AR S LI ) TG e L FlF 0 M F A T gl
M e RIS A X EaFHN 4 T EDRF 2~ (Arnoldetal, 1984) - F]
Lo T E kg LR AREBESS s A L S Pl E ARt g s Wk (Piccaetal,
2019) o R o P MIEF R LKA R R AR 2 0 L@ R 0 B R RS @RS
&;‘tc»‘ 75‘75&;}}55 G4 iF sbi@ﬁcﬂ’bpﬁ ?.‘ril SSRGS o 23
(Barrera et al., 2001; Bonnefoy et al., 2007; Sinacore et al., 2005; Suetta et al., 2008) -
B AR R IR E AN E T ER A KR F] o

BLEE s FRAT LT SO R W 2 - 0 WA chy R AT L R
v e e g fe (leucine) Z A e FORAFA v~ U E sk RGO R
~ A $ B-hydroxyB-methylbutyrate (HMB) 4% “v - B ' §-v 4 " 22 12 leucine
A Ol BT LAt eg BT R s ed BEd g 4 IR G R R RE
# 4 i F ks (Barreraetal., 2001; H. K. Kim et al., 2012; Tieland et al.,
2012) o @ HMB # 14 %% ™ 3o B "% f2 3 58 4 v F 2 & & (Eleyetal., 2007) » »*
TRA AL B% T F - Rz g R s ved BiEda 4 2 9c% (N E. Deutz
etal., 2013; Flakoll et al., 2004; Stout et al., 2013) - = 7 & 7 & iﬂz H3w ko 2 e

B iR R Fpt pom RO TR R & 3 ¢ (European Society for Clinical

Nutrition and Metabolism) 34t % 65 it £ 5 # p 39 Ti#kr-& Bk F 5
1.0-129/kgBW F-d > @ 20 3 MBS F R L2 & o RI{ 4k F 1
1.2-1.5 g/kg (Davis et al., 1996; N. E. P. Deutz et al., 2014) - F-v & 12 *h oy 4 L

23R

7‘“\

& 72 % D2 % Tk (testosterone) ¥ o 2t F D j oBhatevp 4
T ekt o EHM ‘“F”ﬁ‘\ﬁ e T e E F R T R AL 2 e TR T
aip R R R LT AR e W SR E vl F AR R o T E R MR
< B3 & &) (selective androgen receptor modulators, SARM) #43 45 & Ffk +
ke e R T e BV R R OATE g o

4
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PR B AP RO R LA B e FRFMAERN A §
CEERLT A4 ATP > & Bimie it B o FIb 0 SBALE B dovep s R 2 B

dnE A R Y B E G R W R R A A ks T

23 p 2 eh- £ DNA > % #4548 DNA (mitochondrial DNA, mtDNA) » # 1 g
FRa My CHE A Y Pid Forp A2 R B RS SRR

PR RR N KA AR ST RRAL 2 ABEI ST we s 2k
S ERRA AN LR oL T RAME T FRAES TR i n R ST
AR A R o SRR RME TN RS R &S PR E
AL SRR p R R RS Ap R e AIRAE
21 kML &S

R E S A g S Fliwie fha £ F R e d B e 0 5 - AT RRDE
ErAdrsdl o A A S B0 fr—“F’f peroxisome proliferator-activated receptor
gamma coactivator-la (PGC-1a) = # 44 jgri= F|+ (coactivator) » ¥ 34 37 48 45 ]+
2 EEEN R A THEAFIAR c EHiEE > PGC-1la i B H v &4+ F] 5+  nuclear
respiratory factors (NRF)-1 ~ -2 2. % 3Rk i€ - 3 3 4r mitochondrial transcription
factor A (TFAM) # 3 - TFAM & » g2t {5 @ ¥ mtDNA % & » & Bagk il

A E X E B Y (AR 2 A R (Scarpulla, 2008)
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22 JesApEs A A

PRI RGREEDTE ZEF RRESLSNEFFLREL KGRI B
EARSRETOREF R AW E 2 A AR RS R R £
Lehdd o R RMEE D P £ 39 mitofusinl (MFN1) ~ mitofusin 2 (MFN2)
% Rk & $-9 optic atrophy protein 1 (OPAL) f § » 7 r2 - H £ 4 ehje s
o R ERE S A BRE S R4 o R A H R d fission 1 protein (FIS1) § #
TR B A e p v (mitophagy) #ﬁt-;;.?",ﬁz (Schrepfer et al.,
2016) -

PR AT U F PR R S s J R e SR TR o I RE D SRR
B E R R ST A kO ORI Sl MR £ T S @ Ap ik hf ] il Uil

RIF e R A AT B A AT o 7 eifudhmie Y R AR E B A
FE o bldel RAER wre P R RS R SR A e ¥R RN S ) ot

o RSP R MR AT R fpa £ A B2 A g At AR 0 1345 Mishraet
al. (2015) 77 3 BEom o Py Y e SRS P BUREE S 0 A R Y 2 R R R
ok O3 ApaldR o gt R Pui iR S MRoveeniB AR Y 4 A B LR K o

% o
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Sirtuin 1 AMPK

N/

“\ Nucleus
Mitochondrial

biogenesis
Fusion = ‘l = Fission
itofusi 2 ; P
ML Mitochondrial DRF
OPA1 d ; Fis1
lynamics MFf

Mitochondrial
guality control

Mitophagy

@/

Autophagosome

W 1-1 s s &8 (Ventura-Clapier et al., 2017)

Figure 1-1 Mitochondria life cycle

Mitochondria life cycle involves mitochondrial biogenesis, mitochondrial dynamics, and quality
control involving mitophagy. Mitochondrial biogenesis is initiated by an energetic
disequilibrium that is sensed by two signaling pathways: the AMPK and the deacetylase SIRT1.
Increased expression or activity of the master regulators of mitochondrial biogenesis PGC-1a
and P activates the expression of the nuclear respiratory factors 1 and 2 (NRFs) which induces
the expression of the mitochondrial transcription factor TFAM which translocates to
mitochondria, binds to mtDNA and activates its transcription and replication. NRFs together
with other transcription factors (ERRs, PPARS) activate the expression of nuclear-encoded
mitochondrial proteins (mt proteins) which are imported into mitochondria. Mitochondria then
undergo fusion and fission cycles known as mitochondrial dynamics. Defective mitochondria
(red) can be eliminated in the autophagy vesicles through a process called mitophagy. (Ventura-
Clapier et al., 2017)
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2.3 BRI APM T

o T RMML RSN BT RFRARME § P BIELT A2 ATP
i 0 FUERFREBRE § BRI 2 F 2 AL R R R o
FF Rkl gtk MR R ¢ F OOV RAMMAT 0 2 S RIFEAERY ¥
- B2 E SR e & S pF (Citrate synthase, CS) » 12 & 3t SUH N S e 4R S
WIFR AT 5§ CREFLT-4F 6 88 1l Shpisa i & s (succinate dehydrogenase,
SDH) Mz § i Bife it 4F £ R IV——4n%¢ ¢ % ¢ % 1t f# (cytochrome c oxidase,
COX)- He » 4@y 23 CS s mis #4121t (ONeilletal., 2011) -

O CRRALTARMAEE b RAAEN L 7 A F 2 484 39 (uncoupling
protein, UCP) - UCP ¥ % & 3+ 3§ 3-v €872 & IF* » Jp WP oh7
ZEAHFAB TR REAY LA S ATP (i 3+ ER P AR L H o 0 2
2#ER O UCP ¢ RFERE AP T EGAEEMEE A F 4 L o UCP

3 = a3 (isoform) > # 35 UCP1 -~ UCP2 -~ 2 UCP3 ° UCP1 X %g%5s e S 4F

—%

4 1 UCP2 Bii 4>t fble

—E

m¥ed ;@ UCP3 BJi & 4 Bt F gaieo
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%zumltl:,/k,gé‘rr%fr.ﬂ ] 40% > * :F é_i’; %j ‘pi'cgggﬁa‘ifgr;ﬁ%i‘gg
SHEFTERAN ox AAMI RO FEIRE G RIS TRRE
% & ¢ (Shavlakadze etal., 2006) o # #erws T jfpawz witk o v ivp e o e
@ e it e o B ARVCEER A TR LA LI HIE T SR e

¥ 4eed 2% i A LI AT R o MUimRe ALk | mE ek gk > Tl
x FE s ek e (muscle fiber) o segk i d 9= mfe (myoblasts) g & @ k0 5§ %

CERESEE- ST T REY S FE e
31 gl gheg VR

311 LIS WA )

U R TR T HEiE ARV O G - AW sgogt s (slow switch, Type I fiber)
v % = Al sgeegh e (fast switch, Type 1T fiber) © Type I fiber * 444 5 =5v> 7 3
PORAMMEICE R P R RRE LR ARG F RERAL N E O R
FRdiae 4 o LR/ EIMEFEPFR w4 FH o s Typell fiber * AL ¥
oo R Ul T B A R R YRR BERF NPHAL N E o R R
4 g type Lfiber 35 > e jesgad R f-o f o2 | Ry 4 (Burkeetal,
1971) -

Type II fiber & # s~z 3-v & 4% (myosin heavy chain, MyHC) == % f » I
FHP R R~ F L2 E4e SDH B~ S Fup ¥ A d 33 MPEEREX 7 A 4

type Ila ~ type IIx/d ~ % type IIb fiber (Larsson et al., 1991; Peter et al., 1972; Spamer

etal., 1977) -
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Glucose Lactate FFA TG
5 / \ \ ﬁn
v

M GLUT4 1\ MCT1 g MCT4 0 FAT/CD36
v v
H| H
\
Glycogen —— G-6-P FFA =—= TG
l Glycolysis
KFB3
F-2, F-6-P
1
REEEETEE PFK
NAD* Lactate Cannitine shuttle
F16P
NADH LDH
DHAP G 3-P FA-Acyl-CoA
NAD
GPDI Beta:
NADH oxidation
Glycerol-3P Pyruvate Pyruvate Acetyl-CoA
PDH
alycerol -3P
Glycerol-3P shuttle

<+—x%\ — DHAP

GPDZ @

| Oxidative phosphorylation l

W 12 pyegaprpregad cnid 3 & (Schiaffino et al., 2011)

Extracellular space

Cytosol

Mitochondrion

Figure 1-2 Scheme showing some differences in glucose, lactate, and fatty acid

metabolism between fast and slow muscle fibers.

Pathways prevalent in fast or slow muscle fibers are shown as red or green arrows, respectively.
DHAP, dihydroxyacetone phosphate; GLUT4, glucose transporter 4; F-6-P, fructose-6-
phosphate; FAT/CD36, fatty acid translocase; FFA, free fatty acids; F-1,6-P, fructose-1,6-
bisphosphate; F-2,6-P, fructose-2,6-bisphosphate; G-3-P, glyceraldehyde-3-phosphate; G-6-P,
glucose-6-phosphate; GPD1, glycerolphosphate dehydrogenase 1 (cytoplasmic); GPD2,
glycerolphosphate dehydrogenase 2 (mitochondrial); HK, hexokinase; LDH, lactate
dehydrogenase; MCT1, monocarboxilic acid transporter 1; MCT4, monocarboxilic acid
transporter 4; PDH, pyruvate dehydrogenase; PFK, phosphofructokinase; PFKFB3,
phosphofructokinasefructose bisphosphatase 3; TG, triglycerides. (Schiaffino et al., 2011)

3.1.2 U O

F I AR A T S BT R DR~ E

B3 PR 0 LA E T

Tl AP R R R E

# 4 (plasticity) o Gl4c > @4 VR E AT E AT

@ AF i a4 e type b fiber 14 2 F i i 4 i3 ¢ type Ila fiber

(Hoppeler et al., 1985; Jacobs-El et al., 1993) -
10
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SR B R e s TR A S U ﬁi},% CAULE VR F R NERE AR
FoAd » 4G (fasting) ~ # 4 F#% (glucocorticoid) ~ B jx ~ M 2 X it ¥rRR
et i o type I fiber X 557 4 type I fiber € (Matsakas et al., 2009;
Sayer et al., 2005) - ¢ type II fiber #2 3 a7 e0fF25+ & £_d 3t type II fiber *
PGC-la # R E#> » Fox03 £ #rfl a4 ts » Bt T v % 4544 %] ubiquitin
ligases atrogin-1 # MuRF1 # Z# % #r3k (Sandrietal., 2006) - ¥ #t > type Il
fiber FH M 2 4 St MDNA 2 39 FZ 24 P XL iEARY type
11 fiber %ﬁ”‘ﬁﬁ—ﬂjmﬁ&i*ﬁ B o #r g+ dph o typelfiber ¢ e smtgiz R 2 gL ¥
rUVE S 4 (reactive oxygen species (ROS) A 4 o @ H fa I F £

#23 £ @ M e e MUREAE B (Amara et al., 2007) o

Sarcopenia, Amyotrophic lateral disease, Glucocorticoid,
Caroric restriction, Starvation, Type | diabetes, Sepsis,
Cahexia, Chronic obstructive lung disease (diaphragm),
Hypothyroidism, Endurance training, Overload

Fast fiber

Slow fiber

Disuse muscular dystrophy, Spinal cord injury,

Type |l diabetes, Heart failure, Crohn’s disease,
Chronic obstructive lung disease (limb muscles),
Zero gravity (space flight), Hypertyroidism, B-agonist

W 13 @it S# 4 LrmAF (Shigemoto et al., 2015)

Figure 1-3 Summary of conditions to induce muscle fiber-type switching.

313 v F O M &2 PGCla

LS Ry Iisdle 7 oA mipipe (calcineurin) £7 # 45 %]+ nuclear
factor of activated T-cells (NFAT) ~ #t5wp o i I iF £ & & ¢ 2 47+ MEF2 4p
BB ~ B SRR A & LR PGC-la - i & £ R PGC-la # fprv?
a2 5 P2 AR T typel 2 typella b b3 4r > T B 5 3

Uk ¥ sc # (Linetal., 2002b) -

11
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%0 g fesIgs £ S qpM 2 NRF 4 £ PGC-la 4 & slsr o3 7 ¢ 3
FREARAS R o ERRa A R R v F e preE § A

£

78 7% v <X %8 (peroxisome proliferator-activated receptors, PPAR) #2% - PPAR £ 3
0 OB~ 2F vy ZAL A X RAAFBEE B FTA HoariE I R B

(Grygiel-Gorniak, 2014) - % #<3~# 12 PPARS/P 7 £% % > * H 2 E & typel
fiber #iz type Il fiber ¢ % (Muoio etal., 2002; Y.-X. Wang et al., 2004) - »vp ¢ %
- (2B R % T PPARY/PB ¥ & veik g 5 Mo § 13 > M Sok st DNA ~ 3 4

type I fiber A F]#& 3R > ¥ @ Fop ¥ 42 H 4« (LUQUET etal., 2003) -

fasting pathologic

dabets —> + @) - o Mrperocshy
N

D D
H_
LI Y

acyl-CoA @ : AP, 0
o cotyl-CoA et WADP‘ N O
Proxidation

5
o e é" T oxpPHOS ¥ mtDNA gene

L | fatty acid transcriptign
oxidation acetyl-CoA and replication
B glucose
oxidation

W 1-4 PGC-la ##8.7& (Fincketal., 2007)
Figure 1-4 The PGC-1a regulatory cascade.

[

m PGC-la i & % AMP-activated protein kinase (AMPK) % SIRT % & 3
S MBS - AMPK A G0 il B A A S E 0 TR e il BB G
(Hardie et al., 2006) - 4 ‘¥ ii £ 7 ' pF » AMP/ATP it &)+ = » AMP if § /& it
AMPK =t &gt - 2 AMP #gind= AICAR # i+ AMPK ¥ 11:i% & mifk i PGC-
lo B4ty it 2 2 £ 4 2 #eiFdat4  (Narkaretal, 2008) - AMPK & it
g R MyHC # 3 > @ type llbfiber # % 5 type lla 2 type lIx/d (Réckl

etal., 2007) -
12
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peek s o R A 2 NADY/NADH & F 2 s ) sirtuind (SIRTL) &
B oSIRT 23 ¢ fpitfr > ¢ E&FF A2 R EMTFF 2 ot B el Bl

4r SIRT1 ¢ 2 ¢ fit iF it PGC-lo v 8- ) MEER MM A & & 2 R AMEE - £

EWHE a2 S Y23 L RTE MG EHEPI ¥ e 50%3 80% 0 ¢
gL i e oon i e 41T 5 AMPK g2 SIRT B

32 F AT 4 B LN ML LB

PIBK/AKt 3 & vep B 3 & et L BL/E > % IGF-1 % insulin receptor =
TP X @A G (Glass, 2005) - PIBK/AKt g5 it 7 # % i+ (mammalian
target of rapamycin) mTOR g /3 4 S6K1 ~ 2 4E-BP1 chmipk i ki 3-d 5
4 &= AR E4-F]F FOXO ((Brunetetal., 1999) % #r+4] Muscle
Atrophy F-box or Atrogen-1 (MAFbx) % Muscle RING Finger 1 (MuRF1) #45x:&m
e E‘{ﬁﬁ‘ﬂ/ (Bodine, Stitt, et al., 2001; Stitt et al., 2004) - & & %% § % A7t 14
TRERE e A & SRS T A st (Davisetal., 1996) o 3 4r v Tk
B H 4 Akt~ SBKL -~ 2 AE-BPL chghfit v i m B e fov F2 £ 4 ¥ 2 HiE5
i MTOR 4 Ba /T k3 e Jov H ¥ o

o Fafriiedg ATP 24 %-3-9 f#8 (ubiquitin-proteasome) 2 J-v H -k
fRELEE T > Pt iEd @ T R B3 MAFbx 2 MuRF1 A it i = (Bodine,

Latres, et al., 2001) - F]¢t » MAFbx 2 MuRFl ¥ i Z »vp % ‘{ﬁa‘ 1% o
3.3 H’UF( _‘H;Qm»@_ﬁ:gm# _?_ 4 =

ke (satellite cell) 75 2>t 2k R S oy ez fF o L pF et O
ARG (quiescent) o § R FliEd N H @ fgpE A g E A IR 02 K2 B4R
(Zammitet al., 2006) = #7 % I F & F I Cp dFlmie d LR BRE RS P T H2L %
kB (senescence) s v 3 A A T4 A TR o Ae b R VAT Fu A
fRig B E A o BRyep TR &5 ehT "% (Sousa-Victor et al., 2014) -
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PR

41 mieREf Rk

5y

fove Fok wmte p A BF ARG 0§ L Tlxhk (telomere) 5B~ R A
FlE T - DNA BERETA ~ § VR4 T ad i o mie %X el ¥4 R m
BRGSO e R e E T G ¥ (Demariaetal., 2014; Helman et al.,
2016; Kang et al., 2011; Storer et al., 2013) » }* % ¥ w?e ¥ AL T F 4L £ ,.“fa.;;‘—uf o fe

EE LR REHREFTIEY T R LB IAAP R T RS

F_k

%ﬁ’ﬁﬁ%%@%%ﬁﬁj%ﬁo%%@%juTiﬁﬁﬁlkkﬁ@%ﬁﬂ
BF s R E AP M A8 E F] (senescence-associated secretory phenotype, SASP) ~ 12 %
B P S i 4o
41.1 A A enim e P R E

e FH A R kL LG P E (cyclin) 2 2 H R ik R
v i #f p¥ (cyclin-dependent kinase, CDK) - CDK 2 H g e cnik ) 2 % £ 8 R IR7E
Yk o & TR AR e B 3o (retinoblastoma protein, RB) &k it o mapk it
th RB ¢ % 4%+ E2F > BT - PR chime kW g & chkd A FE
4 (Baietal., 2017) -

Fmied A2 AFwmie FY RFOLEDR G F 4 WL CDK2, 4,6 Fril
A pb3 £ p21 % CDK4,6 #r|# pl6'™NK4A (Alcorta et al., 1996; Serrano et al.,
1993) - DNA Bk 24k & b€ 354 DNA 3% & J& (DNA damage
response, DDR) » i&m i% iF ataxia telangiectasia mutated (ATM) - ataxia
telangiectasia and RAD3-related protein (ATR) » & &_pl9°RF Fr41;2 % id # 5 mouse
double minute 2 (MDM2) ¢ p53 #ipzis (Eischen et al., 2014; Shiloh et al., 2013) -
LpEpL it @ E it e pb3 g B A T A F] p21 hEA R F R iBF

(Herbig et al., 2003) - @ ‘w#z ¥ 8 i 7% chiadd 8 5 pl6™NK4A 4] CDK4,6 & >
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i¢ kw2 @ ;% i ~ Sphase (Ohtani et al., 2001; Wong et al., 2009) - % & &2 ¥ 7 B
TYoRFRART CDK #r4)# 7 € + 2 R 4 (Krishnamurthy et al., 2004) -
4.1.2 FEAPR A0 AT

TR A I LA o B EARFIASELST s FiEg L
F1+ (4o IL-6 ~ IL-8) ~ Jm®z ¢k JL & (extracellular matrix) £ # v (4oim?e #F JK B
4 f#p= metalloproteinases (MMPs)) ~ 8k ‘it F|+ ~ 11 2 4 £ F]F (e g P A
4 & ¥+ (vascular endothelial growth factor, VEGF)) % > &5 % ¥ 4ahi » i 4

(senescence-associated secretory phenotype, SASP) (Acosta et al., 2008; B. G.
Childs et al., 2017; Coppé et al., 2008; Kuilman et al., 2008) -

SASP ¢ B s XV AL SRk AEY Flwwe i X
(Hoare etal., 2016) » iz~ ¥ &c A 2 BEERRE TIRIE D @ B M IPrd | Rm inbe % X
Wl R -

#p (invivo) # % I > BUbR1I™™ & % Brgis sk~ o Hevez mophe
plasminogen activator inhibitor 1 (PAIL) # IR & %€ & &4 3 4e @ 3 4c (D. J. Baker et
al.,2011) - @ £ 5 £ X i 4p P o 2 klotho # k] &7 & 2 JL# g jﬁ
PAIL 2 ‘e (F% ~ = 2 %) PAIL 2R& i 4ph 4 x5 M (Erenetal,
2014) -

413  HKifwmie k-

R ERA kypRF o pb3 A ME L > RiE pb3 A FenmiE k- & H|
(p53-upregulated modulator of apoptosis (PUMA)) ~ NOXA % B cell lymphoma
(BCL)-2~ 2 BCL-X 3 & %3 > Fi® w &= &7 Bcl-2 homology 3 (BH3)
domain z F-v B @ Frqlimez k= (Yosefetal, 2016) - p21 7~ ¥ 12 & f&dr4] ¥
= % caspase 3 i1+ (Tangetal, 2006) - = chimPe» ¢ %5 p53-dependent
DNA (cytosine-5)-methyltransferase 3A (DNMT3A) *k#$r4] p2l1 =1+ (Zhangetal.,

2011) -

15

doi:10.6342/NTU201901252



Early SASP

/——\ p38 MAPK
L Notch signalling ~

A L-1a)
(=T

Transitional SASP

W 1-5 % % % chif3s (B. G. Childs et al., 2017)

Figure 1-5 Hallmarks of senescent cells.
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42 e %X

4
1%
ok

BubR1"M 5 % B2 4 4 Sia At a o4 > ¥ Ry R EEELF g
B o BUDRIMH B A F Rese s mpiple s s 2 RpEE AR X £
B PV ERAR pLENKIA chg & imre B 5 o drd] plENKAA T e L & grat
JE AP X LG P gk E & (Darren J. Baker etal., 2008) o gt B Ff 7t iE =
INK-ATTAC (apoptosis through targeted activation of caspase) # i 78 fi-;¢ /| & :
A pl6'k4d 2 A FlErds 3 15 4 » FKBP-Casp8-Flag-IRES-EGFP » 4ot ¥ fdw »
AP20187 f&3lax ¢ o) ple Fim¥e p v o 3T BubR1"M .| & ¢ :eia‘%ib‘_/ﬁ"“f
plek4 2 ap2 fmre g cr L b s 8 MK~ 2 fpisw it B (lipodystrophy)
1) (D.J. Bakeretal., 2011) = & * p #2 & i ] 8¢ FF rijp pl6'mk4a 2 1.2 4m
R EEES LT A s utimER s s PR EE L R SR

44 B 5 T 'F MR & 2 (Darren J Baker et al., 2016) -

e

43 $iumre ® X i Fuk R

it B XA AR M S R ITY VTS A
AP B AR i R WeE o £ ¥ R s S 2 e BREREFR R X 2 PP
SASP 4 i) % g o ERILGFEE e {og 5 L EHE X w ek
= 4] 0 4o BCL-2 72&Fr414 navitoclax (* #H 1 ABT-263) i: ;ﬁ-%%%:@mvé
Foer g e Rk v (Bennett G Childs etal., 2016) » e 2 § 7 &t & | 5
Eeny (£* (Rudinetal., 2012) o 5 7 FiEZE S glit* > v F { FAAY EBE DL
FEREFFRE WAL ZRY enB A A R BERILS S G (B
G. Childsetal., 2017) - ¥ - :‘E#& 4+ iB/T‘ m¥e ihife B UBXO0101 # e F B
§ X AR Ao (Jeonetal, 2017) o fo R 4 $HFbm e B2 TEH it

Dasatinib % #- 4 % (quercetin » — fa{84 5 Ak 47 (“ & &) Mo & ¥ 12 FE 75 95 0
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e 7 B & 81 SASP Ak o Xk Ee &Y %3 Dasatinib 2 Lg% ¥ Y

T

BAERS 2L 26 (Xuetal, 2018) -
@ B SASP & A2 Wk @ 3 fE K8 SASP 4 jig s~ b SASP &

ws ~ B¢ fo SASP sz * F o R 'E MIR_SASP &bk [T F R LB drA Y K

che

L @ b SASP APl E G T E MR Ewm R kA Aok o
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Flurkey et al. (2007) #= 7 B[} #.% 300 & C57BL/6J (B6) /| &
(822 8% 150 &) m B2 FHd R | A &H7F L 5 &H (Mmature
adult) ~ ¢ & # (middleage) ~ &2 &4 (old) - 3~6 * #2 -] B ¥ AR pt = &
HorHEETEEAEF TR AL R ENRE FIFL XL TP i
o MR AFESLY S 20~30 K5 10~14 P RVARL Y B o g
ERTRSERD % S UELPAR- LR FE LR EE I N K el L) S R Rk S
AT EEY > MEDHRIIAGEERLY S 3847 & ;18~24 T ¥ B
TALGEED > LEYT URRI S TG chR MR ;@ 24 7 #r ]

BAARE Y 2 HEFALT S -

Life phase equivalencies
00 4---- -
|
® Mature
% 75l adult ‘
2 36
5 old . 50%
5oL | menths Middle. @ survivorship
L iddle V (28 m.)
& aged 18-24 Y .
= _— months .
o 2+ 10-14
o manths )
oH = —=]
1 & 12 18 24 3o 36
Mouse age (months)
20-30 3847 56-69
years years years
O T P | W 1-6C57BL/GT o} R AL A
125 3o 425 58 g4 81 94 b
Human age equivalents (years) Z iﬂ’% %‘ (Flurkey et al" 2007)
Maturational rate comparisons Figure 1-6 Life history stages in
Ages Mouse vs. human i . i
B o 750 tmes fastor C57BL/6J mice in comparison to
1-6 months 45 times faster human beings
6+ months 25 times faster
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6.1 LA A

L35 A& ¢ % Momordica charantia Linn. var. abbreviata Ser. » /% # L #*
(Cucurbitaceae) ~ = A 4 (Momordica) > 5 - & 4 § M ¥ &S o L A R A3 4
FELEIEFORLAEN ST ALY RER c AL F- Fr T3V 4
ALER XA UT L0 LEFH o LEALG &F ]\% oo G Bk RA
AL Rk N EERY 0 AR RIS SR BI Aod o fEF R0
%i%;%?%ﬁ;%% ¢ o fAF R L o FAERTE RRILITL - MREED ¥

%}}’.#}l ° ?5—%31; %"} %’Eqﬁ/ﬂ%lﬁ;,i“i)\"f?—%%pgg ‘ﬁ;'%“

g

A R AT E ST AL S 2N 2P ENE F o E AL
B R SHEFOESRY S AT FERECRBAFER T (Ayurveda)

® g3 #r7e " (Beloinaetal., 2005; Grover et al., 2004a) -
6.2 FAXL S BEZH

1 3kix B e 288422 & v ;fr perk s AR L 2
At E ~FHFFE M- £ (phytochemicals) S AP AT S 2 fB il
274 537 x%> & 3 3 (phenolic compounds) £ % fr## (flavonoids
compounds) ~ # ji *= 3] = ##§ (cucurbitane type triterpenoids) ~ # j =3l = HpEH
(cucurbitane type triterpenoids glycoside) ~ 3 % %] = fr 2 g (oleanane type
triterpene saponins) % #1*x (peptides) (Chen et al., 2009; He et al., 2013; Kubola et
al., 2008; Liu et al., 2009; Yen et al., 2014) -

EAE AR E NG Fum B U L PR OB 2 FUBg it 4 (Grover et
al.,, 2004b) - 4%z AW T FR > LE AL @EH T EC PPARa £
PPARy ~ & b 2 Fp vsfe (S SHAp B AL ] > ¥ 3 L2 A ¢ 43 cis-9, trans-11, trans-
13-+ #= =& & fjrid f& (9-cis, 11-trans, 13-trans-conjugated linolenic acid, CLN) % % &
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{4 F (Chao et al., 2003; Chuang et al., 2006) - d i35 /A ¢ 2 g d andi = 3] = i
Kpe BAFEE G 04 E I B FupigcE £ i (partial agonist/antagonist activity via ER)
2 B (Hsuetal., 2011) -
JEEN (invivo) FERBFRFATUEFES BELELHPN BHE BF 2 3F

T LG Pa R A e o A P R R R e RR Y 2 4R

Se ALy 3% o P owEn © 4r

\\\?{Ir

Agré 5ot (1) RmaEFE PPARs 2 PGC-la 4
A A 4 B-oxidation ~ R D PR RAEL & 2 B g o (2) MUBMLHL L B AR E TR
P5 B-cell 47§ 5 (3) & i 7arpies? PPARs 2 PGC-lo #45iE {4 » MUk iw
e U N BB B e ime § R AP 5 (4) Bae ¥ 89t PPARa ¥ y 2 RE DR

(Alam et al., 2015) -
6.3 FAFYCR R

D EAARGL G T O S R S AR A D 4 o B AR R AR
% A M- (Shihetal,2009) - + 9 % 3E2 777 » BET > CEER NN P
BT ORAReup B s W B EA P8 AKU BREL T (B 4o %, 2010) o LAY

OB A e T RS L6 e e P AMPK EH > # PGC-la #
ME A o RD RGBS £ e AR R R AR A A S AR
3% (Tanetal., 2008) -

RPN F BkenING 0 Z FRAETC &4 ¢ o oursolic acid AL ILT 0 E A S R
e % HE0) B2 e X Sdp A F] Atrogin-l 2 MuRF £ 3R E (Kunkel etal.,
2011) - ™ A% & %27 IGF-1 % F 3 & > ursolicacid ¥ 2 7% 14 IGF-1 /& i
MTORC1 = 4 g /5 Frd-d B4 &2 (Sakumaetal., 2012) o 14 B "o 4k &
R E ¥ 2 o) BN Y s A AT gt |GR-1 2 BT iR T

IGF-1 » Igflr ~ Akt2 ~Hk2 2. AAF]& R > TR 4= ivipE £ (F

233

2017) - Sprague-Dawley = &4k & % "7 (30% fat) 4c & 7 1% 2 1.25% = 6

o gy g mApt > aed Ucep3 2 Pgc-lamRNA £ IS4 F 2
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(Chanetal., 2005) « @ 5% L= A4 w33 B4 (50% wiw) 45k @ o 7 g g avp
¢k R AAP M A Fl4o Pgcla ~Nrfl 2 Tfam mRNA # 8 (Luetal, 2013; #%
3, 2014) -

FE K FARAFET UL R ARAF i D B PIp RIS A
A wep 4 (C-L.Wangetal, 2019) - ICR = BlAf “v Liss A w RBAB2Lgs > svd 2

FOR ¥ i 4 FHEFRS (Hsiaoetal, 2017) -
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ELPIRE RIS A F L G T 0 om LA ARk ST
FRHAGLTE AR R ERE T g BB AR
2 GBAR o

SArE AT IR P EAEIH S AR BN E AR
7 igae C2C12 »ep fwre 2 4 SH# i dp R ¢k £ = f5 (Citrate synthase) &
Mo TP IGF-1 Ragvep w Spimie M 4 o 20 F P2 F R BLY ¥
B2 A AR AT MRNA £ 31 5 1> adF s o o

FENMLE o AFE BRI EVERJREIRNS R Bk A LFA
FHUEEFERSE ) KPR R B2 lp o R 253 JINREEE M A

;)ﬁsm'b;ﬁiggﬁ_ °

AR BB E BT

(1) rmiemdse i | QLRI g2 ik

<

(2) FEznLE AEIOICL GG s aniE
(B) #FH L= AT EEERSF R RRAPBE 0 F e L vt g2

(4) 31 LE S EIP o & X2 R
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E>1

Lia

Br 8 ' #A 2RO B REAET 165 P #EBERLE AHERE

vup F A s voR R SRR mr R EE 2 B NFEFLEAREME R
Il A o R EREF ERARET R UEFRE gL A2

% -

1. #%¥% 18 * & C57BL/6G) i3 = &g 125 * # C57BL/6) = &

2. #Fskxw AN 2 -AH 2 -AHB 2 -YN 2% YH &

3. FEkAH 5% LA & seAn Lot B R4 > 1 AIN-93G 4Lz 3
JAEAURLTF S SRR

4, F k18 " # CH7BL/6J = &4k s Chowdiet = 155 * & > { 4% 5
AIN-93G 4l s 9% T 1625 7 # o T A B CiB SR - ¥ S B4
TR AR S 26 iR EhE2 s mHR et 125 7 &0 Chow
diet 4% % 2 " & > L35 AIN-93G 4l sf %1 3 " i B4

B SRAOE o S 26 ISR
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5% FHRILHES 2

BRI S L

8-month old
Retired breeder C57BL/6J male mice 1.25-month old

C57BL/6J male mice

Chow diet for 7.5 months .
1 Chow diet for 3 weeks

15.5-month old mice (Middle-aged) 2-month old mice (Juvenile)
AIN-93G diet for 3 weeks l * Forelimb grip strength test 1 AIN-93G diet for 3 weeks
16.25-month old mice (Middle-aged) 2.75-month old mice (Juvenile)
(n=35) (n=20)
Assigned into 3 groups randomly according Assigned into 2 groups randomly according
to the body weight and grip performance to the body weight and grip performance
|
| AN@m=11) | [ AH@=11) | [AHB=12)] [ YN@=10) | | YH@=10) |
(Acclimatize to|bitter taste for 1 week)
3 mick died 3 micg died 2 micg died 26 weeks
of olf age of olfl age of olfl age

v Muscle function analysis:

| AN@=8) | | AH@®=8) | [AHB (=10)] - Forelimb grip strength test: 8%, 18, 24 wk
[ [ [ = Inverted screen test: 12, 22nd wk

v Frailty index assessment: 22" wk

Sacrifice

v Body weight & tissue/organ weight analysis
v" Serum biochemical analysis
* Glucose, TG, TC
v' Muscle frozen section analysis
* Cross section area, SDH activity
v" mRNA gene expression analysis
* Mitochondria & fiber type related genes: Gas, Soleus
+ Myogenesis & atrophy related genes: Gas
+ Senescence related genes: Gas, Liver

Test groups:

AN: Aging mice fed AIN-93G diet

AH: Aging mice fed high sucrose (HS) diet, 50% (w/w) sucrose
AHB: Aging mice fed 5% bitter gourd powder (BGP) in HS diet
YN: Young mice fed AIN-93G diet

YH: Young mice fed high sucrose (HS) diet, 50% (w/w) sucrose

TR R NP RIDE AT ATEEYEIILCEEERRS o
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- \f,z,;{—;.épg,

A1 i CSTBLIG) ~f8 K (¥# )35 &2 5-6 ¥ C57BL/6) = &

(FER)20 £ MG &dd? S S BRPE 3 dp e ? o Rz &

Kapd s T EFERME - 5 SERLHI A 222 2°C; BRI & 60

+ 10% ; p PRix ¥ 5 12 -] pF (8:00~20:00 3 kpedy ; 20:00~8:00 5 Z & Hp) -
@ 2 B~ {5 2 Chow diet (LabDiet 5001, PMI Nutrient International Inc.

Bretwood, MO) (¥ % = 4r& 2-1 #77) etk a1 X & & 1565 7 & - £ &

2 T (REERA AP > RREEHAR o3 T BES NI REFLE)

2 t6 %4 AIN-93G &l (s kel if s 0 B X T RIS £ 0 I
HEREHEDREIS LI o X & 1625 " # ~ & 275 P @k L 2

PhA RN B o

XL Rz B FE&S AIN-93G 45tz AN & (n=11) ; 4 & # AIN-
93G 4L Y 2 FESE KRB = 50% wiw EAE (B BAEEE) 22 AH 2 (n=11) ;
3 4% G B ROEAE G Bg;{ﬂ]‘ dv B% wiw i w 5L A > %k gzl (Hualien
No.4 Bitter guard powder, BGP) 22 AHB & (n=12) - & 4l @22 & &
FhoeR F2 = 7 o ERERA LA 2 o uiTLE AN 2 AH B2 HRE A&
& AIN-93G 4z YN = (n=10) % 4 & % E 442 YH = (n=10) - AHB
PEFEFAERE (e p g 1% @2 2)-3%@ %) 2 5%BGP(2 %) 27

EAEt) - i r D9 % NP % 26 Wb AHRe

26

doi:10.6342/NTU201901252



)‘P‘F
[
Sl
g
A%
-S‘L\;
-k

\_.
%
—
=
S
1=
K}
p

S L EAREHE

A% FET X ME LA F R EZ T LR A L2 R o LA B

LRk S BT R F 0 £ d 051 2B FEA Y A Rg

8
20°C e AW FARTRELBRAEF S EPRFT TRETL NGRS 0 M BB

ek o FLEErBLLE A >S5 Lick 0 B33 -200C -
=~ R
3.1 AIN-93G 4t

AIN-93G & ik * % 17 5 % v &3 (purified diet) 2 424k » 24 fpogFa)
bR RZ EREEY P RS AIN-O3G 2 il | B > R FTRET 2 R

Fo i ERTRIPN EB B R ATRR o AIN-93G 4ife s % Rt iz £

»

Reevesetal. (1993) & A & Mz 3% 14l o £ F 22 8 F A ird
2-2 #rom o fefll 3 4T DB E Kk 24 (¢ 2 AIN-93G Mineral Mixture
AIN- 93 Vitamin Mixture -~ L-Cystine ~ Choline chloride -~ 2 Hualien No.4 Bitter
guard powder) % *tFTF Y B I fRim 0 R4~ S EBK SR EE] > Fr ok
KRS REBG A, A B BERG > EEA L R AR RS

3 -200C o A o) BlAREL T - X ARl R AN E R w0l o

3.2 B R4

LA LE A A RES RS AL AR %ET 2 AIN-93G 4
AR KPR KRB K 50% wiw R REZ. B R 404 (High sucrose diet, HS
diet) - ¥ = 2z L2 A &L (5% BGPin HS diet) 5t B4 @ ik 4 5%
(WIW) FTHEr LA 2k el DU AL A RS LA (5 54.6% ; Fv
B OA5% ;: FqE 2.7% ; smE 382%) EFAE o R Y R S AL B E R RN

E RIS YR FENEREF A VAR 2-2 7T o
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% 2-1 ® & Chow diet =

Table 2-1 Composition of the commercial chow diet

|
Laboratory Rodent Diet

5001 *

DESCRIPTION

Laboratory Rodent Diet is recommended for rats, mice, ham-
sters and gerbils. This diet is formulated using the unique and
innovative concept of Constant Nutrition®, paired with the
selection of highest quality ingredients to assure minimal
inherent biological variation in long-term studies. It is formu-
lated for life-cycle nutrition; however, it is not designed for
maximizing production in mouse breeding colonies. This
product has been the standard of biomedical research for over
65 years.
Features and Benefits
+ Constant Nutrition™ formula helps minimize nutritional
variables
* High quality animal protein added to create a superior bal-
ance of amino acids for optimum performance
+ Formulated for multiple species for single
product inventory
* The rodent diet standard for biomedical research

Product Forms Available

+ Oval pellet, 10 mm x 16 mm x 25 mm length
(3/8"x5/8"x1")

* Meal (ground pellets)

Other Versions Available
+ 5010 Laboratory Auoclavable Rodent Diet
* 5LOD PicoLab Laboratory Rodent Diet (Minimum order required)

GUARANTEED ANALYSIS

Crude protem not lessthan . ................. 23.0%
Crude fatmot lessthan . ... .. ... .. ........ 4.5%
Crude fiber notmore than .................... 6.0%
Ashnotmorethan . ... ... .. ... 8.0%

INGREDIENTS

Ground corn, dehulled soybean meal, dried beet pulp, fish
meal, ground oats, brewers dried yeast, cane molasses, dehy-
drated alfalfa meal, dried whey, wheat germ, porcine animal
fat preserved with BHA, porcine meat meal, wheat mid-
dlings, salt, calcium carbonate, DL-methionine, choline chlo-
ride, cholecalciferol, vitamin A acetate, folic acid, menadione
dimethylpyrimidinol bisulfite (source of vitamin K), pyridox-
ine hydrochloride, biotin, thiamin mononitrate, nicotinic
acid, calcium pantothenate, dl-alpha tocopheryl acetate, vita-
min By supplement, riboflavin, ferrous sulfate, manganous
oxide, zinc oxide, ferrous carbonate, copper sulfate, zine sul-
fate, calcium iodate, cobalt carbonate, sodium selenite,
FEEDING DIRECTIONS

Feed ad libitum to rodents. Plenty of fresh, clean warer
should be available to the animals at all times.

Rats- All rats will eat varying amounts of feed depending on
their genetic origin. Larger strains will eat up to 30 grams
per day. Smaller strains will eat up to 15 grams per day.
Feeders in rat cages should be designed to hold two to three
days supply of feed at one time.

Mice-Adult mice will eat up to 5 grams of pelleted ration
daily. Some of the larger strains may cat as much as 8 grams
per day per animal. Feed should be available on a free choice
basis in wire feeders above the floor of the cage.
Hamsters-Adults will eat up to 14 grams per day.

O4/05/12

CHEMICAL COMPOSITION'

Nutrients’

Protein, % .............. 23.9
Arginine, % ... ...l 1.41
Cysting, ™ ............... 0.31
Glyeine, % ..o .. 1.21
Histidine, % . ............. 0.57
lsoleucine, % . ... ... ... ... 1.14
Leucine, % ...............1.83
Lysine,% ................ 1.41
Methionine, % .. .......... 0.67
Phenylalanine, % . . .........1.04
Tyrosine, % .. ............. 0.71
Threonine, % ............. .91
Tryptophan, % ... ......... 0,29
Valine,% .................1.17
Serine,% ... ... 1.19

Aspartic Acid,% . .......... 2.81

Glutamic Acid, % . ........ 437
Alanine, % e 143
Proline,% .. .............. 1.49
Taurine, % ... ... ... 0.02
Fat (ether extract), % ......5.0
Fat (acid hydrolysis), % ....5.7
Cholesterol, ppm . .......... 200
Linoleic Acid, % ...........1.22
Linolenic Acid, % . .........0.10
Arachidonic Acid, % .. ... .. <0.01
Omega-3 Farty Acids, % . ... .0.19

Total Saturated Fatty Acids, %6 .1.56
Total Monounsaturated

Fatty Acids, % . ... ... ... .. 1.60
Fiber (Crude), % ... ....... 5.1
Neutral Detergent Fiber', % . . .15.6
Acid Detergent Fiber', % .. .. .. 6.7
Nitrogen-Free Extract

(by difference), % .......... 48.7
Starch,% ......... ... ..., 31.9
Glucose, % .. ............. 0.22
Fructose, o . ... ... .. (.30
Sucrose, % ... ... 3T0
Lactose, % ... .............2.01
Total Digestible Nutrients,” . .76.0
Gross Energy, kcal/gm ... .. 4.07
Physiological Fuel Value®,
keal/gm .................. 3.36
Metabolizable Energy,

keal/gm ............... ... 3.02
Minerals

Ash,% .................. 7.0
Calciom, % ...............095
Phosphorus, % .. .......... .66
Phosphorus (non-phytate), % . .0.39
Potassium, % ... .. .ol 1.18
Magnesium, % L0221

28

Sulfur,% . ... oo 0.36
Sodium, % ... oL 0.40
Chlorine,% .............. 0.67
Fluorine, ppm .............. 16
Iron,ppm ................ 270
Zine,ppm ... 79
Manganese, ppm ............ 70
Copper,ppm ............... 13
Cobale,ppm ..., 0.90
lodine,ppm ............... 1.0
Chromium, ppm . ... ........ 1.2
Selenium, ppm .. ..........0.30
Vitamins

Carotene, ppm . ............2.3
Vitamin K (as menadione),ppm .1.3

Thiamin Hydrochloride, ppm . . .16

Riboflavin, ppm ........... .45
Niacin, ppm............o.. 120
Pantothenic Acid, ppm ... .... .24
Choline Chloride, ppm ..2250
Folic Acid,ppm ............ 7.1
Pyridoxine, ppm .. .......... 6.0
Biotin, ppm e 230
Be,meg/kg .. ... 50
Viamin A, IU/gm .. ......... 15
Vitamin D. (added), IU/gm . . . 4.5
Vitamin E, 1U/kg .. ... ... 42
Ascorbic Acid, mg/gm . ...... . —
Calories provided by:

Protein, % ..............28.507
Fat (ether extract),% ...... 13.496
Carbohydrates, % . ... ... .. 57.996

*Product Code
. Formulation based on calculated
values from the latest ingredient
analysis information. Since nutri-
ent composition of natural ingre-
dients varies and some nutrient
loss will occur due to manufac-
turing processes, analysis will dif-
fer accordingly.
Nutrients expressed as percent of
ration except where otherwise
indicated. Moisture content is
assumed to be 10.0% for the pur-
pose of calculations.
3. NDF = approximately cellulose,
hemi-cellulose and lignin.
4. ADF = approximately cellulose
and lignin.
Physiological Fuel Value
(keal/gm) = Sum of decimal frac-
tions of protein, fat and carbo-
hydrate (use Nitrogen Free
Extract) x 4,94 keal/gm  respec-

www. labdiet.com
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Table 2-2 Composition of Test Diets

Ingredient of Diet! (%) AIN-93G HS 5% BGP in HS
Corn starch 52.95 12.95 10.22
Sucrose 10 50 50
Casein 20 20 19.775
Soybean oil 7 7 6.865
Cellulose 5 5 3.09
AIN- 93G Mineral Mixture? 35 3.5 35
AIN- 93 Vitamin Mixture? 1 1 1
L-Cystine 0.3 0.3 0.3
Choline chloride 0.25 0.25 0.25
Hualien No.4 Bitter guard powder® - - 5
kcal/g 3.96 3.96 3.96
CHO calorie/ total calories (%) 63.59 63.59 63.59
Protein calorie/ total calories (%) 20.51 20.51 20.51
Fat calorie/ total calories (%) 15.91 15.91 15.91

1. Ingredients (Sources): Corn starch ( ~ %, Taiwan); Sucrose ( ~ #%, Taiwan); Casein (MP,

New Zealand); Soybean oil ( & #%&, Taiwan); Cellulose (JRS, Germany); AIN-93G Mineral

Mixture, (MP, New Zealand); AIN-93 Vitamin Mixture (MP, New Zealand); L-Cystine
(Wako, Japan); Choline chloride (Sigma, USA)

2. The composition of AIN-93G Mineral Mixture and AIN-93 Vitamin Mixture are as
described in J, Nur, 123:1939-1951 (1993) (Nielsen et al., 1993)

3. 5% BGP in HS diet is modified according to the proximate composition of the bitter gourd

powder (54.6% carbohydrate, 4.5% protein, 2.7% fat, and 38.2% dietary fiber).

29
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PIEP RERARPIE FEAL)RTE R E A BEERIESE  EFRE
WAL R E RS IR T EET REE 30 A4 I fp gk it g B

ALY Y PR (9T = A BLEE) &7 o
4.1 w34 2L T

rFRA & 47 % (grip strength meter, Muromachi, Japan) B & /] Bl& B4 > F
% > % %% Bonetto etal. (2015) 2= = 2 5% o FR4 o 47k d B B4 L IR
RIS PR RED o FRAGPIE D E S E RINAINRE o B BRI AN G
Fepisd o B D) BB PR PR R E s KBS B (4ol 2-

1A #557) o & - Fenphd S sk£ 87 10~12 S4i4 £ > F X ERIFIE 5

@
h\

4 5~6 = BRI A 30 £ 0 % 10~12 B * 34 ERPIEE T T
R TR AT pRS R RHF BB EGRR 0 E ] 8 ﬂﬁaﬁ T

FenlFa, (4ol 2-1B) RlETed s & R RRAFE RET

W 21} ReFasdid 2RAPFTF2Z AL R Y (TaiwanMouseClinic)

Figure 2-1 Representing photo while performing a forelimb grip test on mice

(A) Forelimb grip strength test of mouse grasping wire screen as it is being pulled by the tail
horizontally relative to the force meter. The mouse is pulled steadily until it loses grip. The peak
force is measured by the force meter. (B) Representing photo of mouse showing uncomfortable

signs.
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4.2 Inverted screen test

Inverted screen test ~ fiLw % f B 3% (four limb-hanging test) - # /|- Bl12 $4d
pEERa 2 et o o] Blawep 4 § (Bonettoetal,
2015) o # 1 X1 24 7 4kt e 2E 088 35 DA M 5 UL ] BB
Jeo TR P ERELIAZEP D) REERFFG o FREMAY BERHENR
F? Foommi e LTI REREERME R 1807 0 ) BF AR R o

=2

el B Rt 2 PR E R R R By bl £ 8 Big

=

T X% S ABKERLI S 30 Ao d W] RHFpFRFXAMEIRLE 7
pLAVPE R R TR R 2 PFRFHE i TR 0 % % 2 holding impulse (gm X
sec) LI o AR DS PR ER B E AR ZFFESRE > EE

PR N 2 {8 wr#% 5 = Bic (number of rear leg moves/latency to fall (sec)) -

W 2-2 -] &i&{7 Inverted screen test pF2_ ¥~ % & ¥ (Bonetto et al., 2015)
Figure 2-2 Representing photo while performing an inverted screen test on mice

Four limb-hanging test of mouse grasping wire screen as it is inverted.
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TOMERE WP R IR R drd 2-3 % 244 HhF o 3R R G kIR
THFRNRIRAELT 2P 0058 1 enAs (1 A LGEKERT) ¥

AP A ik RGER P At BT S R4
IR ok E-X- R

JRYDNFRY 26 % (XER 23 Va0 £l 05 U ) B &
A 12 [ PEF G T - ARG KB o F R LR
FEXS P RARF SIS FEOL RME > FE 0 Iml SRR ECERL o %

SRR BT 2

O

51 4°C 120009 drew 20 A4 Bt fiR 0 EAFALG B
dFirh H o W@ F Rk Rk R A R -80°C i g AT o

B S0 TR BRI BFRHR S TR 0 e (RIE Y R

Lo
o]

5 ,_“%l; S FRE R R %L., LR ORIEEIR A T R AR e %L.,)\ JARLIE o - B;]apgg_f%h N

—N

S & RO e g e (quadriceps) ~ 18 v R aee sz Rg su (gastrocnemius, GAS) ~
v B g9 (soleus) ~ & d w0 s (tibialis anterior, TA) ~ % jit @ £ 5 (extensor
digitorum longus, EDL) ~ =0 3 %= = gg %% (Triceps) ~ # %z %% (levator ani) ~ 12 & ]k
7 485~ (bulbocavernosus) =€ o B3t igf w2 IxZ FEACEE (S BH )
e %t 30%sucrose/PBS ¢ > FiiH T A R o fl BRI B REF

i H &4k T %REF -80°C -

Nl
&

t_p‘é%&,gv /g,\‘;’?;?f{\ ?gi,_)?;g\ H#P;;ﬁ’\ B H;‘]{\ 21 FE ﬁ:;ljaﬁt\\ DER < 3

%
ks
=

B
o

o
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% 2-3 k# C57BL/6J -] & & i ehfk 58 (Whitehead et al., 2014)
Table 2-3 Clinical signs of deterioration in aging C57BL/6J mice

System and Parameter

Potential Deficits

Integument
Alopecia
Loss of fur colour

Dermatitis

Loss of whiskers

Coat condition
Physical/musculoskeletal

Tumors

Distended abdomen

Kyphosis

Tail stiffening

Gait disorders

Tremor

Forelimb grip strength

Body condition score
Vestibulocochlear/auditory

Vestibular disturbance

Hearing loss
Ocular/nasal

Cataracts

Corneal opacity

Eye discharge/swelling

Microphthalmia

Vision loss

Menace reflex

Nasal discharge
Digestive/urogenital

Malocclusions

Rectal prolapse

Vaginal/uterine/penile prolapse

Diarrhea

Respiratory

Breathing rate/depth
Discomfort

Mouse Grimace Scale

Piloerection
Other

Temperature

Weight

Hair loss due to age-related balding and/or barbering (fur trimming)

Change in fur colour from black to grey or brown

Inflammation, overgrooming, barbering or scratching causing skin erosion. Can result in open sores
anywhere on the body

Loss of vibrissae (whiskers) due to aging and/or whisker trimming

Ruffled fur and/or matted fur. Ungroomed appearance. Coat does not look smooth, sleek, and shiny

Development of tumors or masses anywhere on the body

Enlarged abdomen. May be due to tumor growth, organ enlargement, or intraperitoneal fluid accumulation

Exaggerated outward curvature of the lower cervical/thoracic vertebral column. Hunched back or posture

Tail appears stiff, even when animal is moving in the cage. Tail does not wrap freely when stroked

Lack of coordination in movement including hopping, wobbling, or uncoordinated gait. Wide stance.
Circling or weakness

Involuntary shaking at rest or during movement

A decline in forelimb grip strength

Visual signs of muscle wasting or obesity based on the amount of flesh covering bony protuberances

Disruption in the ability to perceive motion and gravity. Reflected in problems with balance, orientation,
and acceleration
Failure to respond to sudden sound (eg, clicker) indicative of hearing loss or impairment

Clouding of the lens of the eye. An opaque spot in the center of the eye

Development of white spots on the cornea. Cloudy cornea

Eyes are swollen or bulging (exopthalmia). They may exhibit abnormal secretions and/or crusting

Eyes are small and/or sunken. May involve one or both eyes

Vision loss, indicated by failure to reach toward the ground when lowered by the tail

Rapid eye blink and closure of the palpebral fissure in response to a nontactile visual threat to the eye.
Measures the integrity of the entire visual pathway including cortical components

Signs of abnormal discharge from the nares

Incisor teeth are uneven or overgrown. Top teeth grow back into the roof of the mouth or bottom teeth are
long and easily seen

Protrusion of the rectum just below the tail

Vagina or uterus protrudes through the vagina and vulva. Penis cannot reenter the penile sheath.

Feces on the walls of the home cage. Bedding adheres to feces in cage. Feces, blood, or bedding around
the rectum

Difficulty breathing (dyspnea), pulmonary congestion (rales), and/or rapid breathing (tachypnea)

Measure of pain/discomfort based on facial expression. Assessment of five facial features: orbital
tightening, nose bulge, cheek bulge, ear position (drawn back), or whisker change (either backward or
forward)

Involuntary bristling of the fur due to sympathetic nervous system activation

Increase or decrease in body temperature
Increase or decrease in body weight

33

doi:10.6342/NTU201901252



44

R E S

% 2-4 R Bt LA RA P (Whitehead et al,, 2014)

Table 2-4 Clinical assessment of deficits to create a frailty index

System/ Parameter __ Clinical assessment of deficit Scoring
Integument
Alopecia Gently restrain the animal and inspect it for signs of fur 0 = normal fur density
loss. 0.5 =<25% fur loss
1 =>25% fur loss
Loss of fur colour ~ Note any change in fur colour from black to grey or 0 = normal colour
brown. 0.5 = focal grey/brown changes
1 = grey/brown fur throughout body
Dermatitis Document skin lesions. 0 = absent

0.5 = focal lesions (e.g. neck, flanks, under chin)
1 = widespread or multifocal lesions

Loss of whiskers Inspect the animal for signs of a reduction in the number 0 = no loss
of whiskers. 0.5 = reduced number of whiskers
1 = absence of whiskers
Coat condition Inspect the animal for signs of poor grooming. 0 = smooth, sleek, shiny coat

0.5 = coat is slightly ruffled
1 = unkempt and un-groomed, matted appearance

Physical/
Musculoskeletal
Tumours Observe the mice to look for symmetry. Hold the base 0 = absent
of the tail and manually examine mice for visible or 0.5=<l.0cm
palpable tumours. 1 =>1.0 cm or multiple smaller tumours

Distended abdomen Hold the mouse vertically by the base of their tail and 0 = absent
tip backwards over your hand. Excess fluid visible asa 0.5 = slight bulge

bulge below the rib cage. 1 = abdomen clearly distended
Kyphosis Inspect the mouse for curvature of the spine or hunched 0 = absent
posture. Run your fingers down both sides of the spine 0.5 = mild curvature
to detect abnormalities. 1 = clear evidence of hunched posture
Tail stiffening Grasp the base of the tail with one hand, and stroke the 0 = no stiffening
tail with a finger of the other hand. The tail should wrap 0.5 = tail responsive but does not curl
freely around the finger when mouse is relaxed. 1 = tail completely unresponsive
Gait disorders Observe the freely moving animal to detect 0 = no abnormality
abnormalities such as hopping, wobbling, circling, wide 0.5 = abnormal gait but animal can still walk
stance and weakness. | = marked abnormality, impairs ability to move
Tremor Observe the freely moving animal to detect tremor, both 0 = no tremor
at rest and when the animal is trying to climb up an 0.5 = slight tremor
incline. 1 = marked tremor; animal cannot climb
Forelimb grip Hold the mouse. Allow it to grip the bars on the cage 0 = sustained grip
Strength lid. Lift animal by the base of the tail to assess grip 0.5 = reduction in grip strength
strength. 1 = no grip strength, no resistance
Body condition Place mouse on flat surface, hold tail base and manually 0 = bones palpable, not prominent
score assess the flesh/fat that covers the sacroiliac region 0.5 = bones prominent or barely felt
(back and pubic bones). 1 = bones very prominent or not felt due to obesity
Vestibulocochlear/
Auditory
Vestibular Hold the base of the tail and lower mouse towards a flat 0 = absent
disturbance surface. Inspect for head tilt, spinning, circling, head 0.5 = mild head tilt and/or slight spin when lowered
tuck or trunk curling. 1 = severe disequilibrium
Hearing loss Test startle reflex. Hold a clicker ~10 cm from mouse, 0 = always reacts (3/3 times)
sound it 3 times and record responses. 0.5 =reacts 1/3 or 2/3 times
1 = unresponsive (0/3 times)
Cataracts Visual inspection of the mouse to detect opacity in the 0 = no cataract
centre of the eye. 0.5 = small opaque spot
1 = clear evidence of opaque lens
Eye Visual inspection of the mouse to detect ocular 0 = normal
discharge/swelling  discharge and swelling of the eyes. 0.5 = slight swelling and/or secretions
1 = obvious bulging and/or secretions
Microphthalmia Inspect eyes. 0 = normal size

0.5 = one or both eyes slightly small or sunken
1 = one or both eyes very small or sunken
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Corneal opacity

44

Visual inspection of the mouse to superficial white spots

and/or clouding of the cornea.

R N

0 = normal
0.5 = minimal changes in cornea
1 = marked clouding and/or spotting of cornea

Vision loss

Lower mouse towards a flat surface. Evaluate the height

at which the mouse reaches towards the surface.

0 = reaches >8 cm above surface
0.5 = reaches 2-8 cm above surface
| = reaches <2 ¢m above surface

Menace reflex

Move an object towards the mouse's face 3 times.
Record whether the mouse blinks in response

0 = always responds
0.5 = no response to lor 2 approaches
1 = no response to 3 approaches

Nasal discharge

Visual inspection of the mouse to detect nasal discharge.

0 =no discharge
0.5 = small amount of discharge
1 = obvious discharge, both nares

Digestive/
Urogenital

Malocclusions

Grasp the mouse by the neck scruff, invert and expose

teeth. Look for uneven, overgrown teeth.

0 = mandibular longer than maxillary incisors
0.5 = teeth slightly uneven
1 = teeth very uneven and overgrown

Rectal prolapse

Grasp the mouse by the base of the tail to detect signs of

rectal prolapse.

0 = no prolapse
0.5 = small amount of rectum visible below tail
1 = rectum clearly visible below tail.

Vaginal/uterine/
penile prolapse

Grasp the mouse by the base of the tail to detect signs of

vaginal/uterine or penile prolapse.

0 = no prolapsed
0.5 = small amount of prolapsed tissue visible
1 = prolapsed tissue clearly visible

Diarrhoea Grasp the mouse and invert it to check for signs of 0 =none
diarrhoea. Also look for fecal smearing in home cage. 0.5 = some feces or bedding near rectum

1 = fecesplus blood and bedding near rectum, home
cage smearing

Respiratory

Breathing Observe the animal. Note the rate and depth of 0 = normal

rate/depth breathing as well as any gasping behaviour. 0.5 = modest change in breathing rate and/or depth
| = marked changes in rate/depth, gasping

Discomfort

Mouse Note facial signs of discomfort: 1) orbital tightening, 2) 0 = no signs present

Grimace Scale

nose bulge, 3) cheek bulge, 4) ear position (drawn back)

or 5) whisker change (either backward or forward).

0.5 =1 or 2 signs present
1 =3 or more signs present

Piloerection

Observe the animal and look for signs of piloerection, in

particular on the back of the neck.

0 = no piloerection
0.5 = involves fur at base of neck only 1 =
widespread piloerection

Other
Temperature Measure surface body temperature with an infrared 0 = differs by <1 SD from reference value
thermometer directed at the abdomen (average of 3 0.25 = differs by 1 SD
measures). Compare with reference values from sex- 0.5 = differs by 2 SD
matched adult animals. 0.75 = differs by 3 SD
1 = differs by >3 SD
Weight Weigh the mouse. Compare with reference values from 0 = differs by <1 SD from reference value

sex-matched adult animals.
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SRFT TR VS
71 & AEA

7 H GiEME e (Randox GL2623, UK) & (7 i #ifl 0 I TR e ¢ fE
d #5435 2% (glucose oxidase, GOD) % i* F F #&1 A2 4 :iEF it & (H0z

P %ﬁfr_} #EF it 1 = (peroxidase, POD) it HxO, A # % =4 quinoneimine -
GOD . .
Glucose + O2 + H:O — gluconic acid + H20>

2 H,02 + 4-amonphenzone + phenol ki quinoneimine (red) + 4H.O
Tz e R A - SO R DRERE Bk 2§ RIRE
% (100 mg/dL) ©4— = kA 7fF# < 50 ~25-125~6.25mg/dL 2 § § #ik
Pol0pl fFR L L RS F R MR 2L R 2 - SRk 06 FdR Y
(= £4F%5R) > £ 4 r 100 pl &~ Bid&l > 7 & 10 ~ 4&feplE€ 490 nm vk @ o

AR S Rk AR M A SR L BT RS TR -
72 &R A e

7.2.1 L= e W g A AT
i * % &E& 2 2 (Randox TR213, UK) i& {7 s 0 2 LI B e S

TRILheT LK A Y lipase H-Z BaH W g A fES A W 2 P iRRL 0 £ %cj
glycerol kinase (GK) #-4 ;% gip& iv = glycerol-3-phosphate » @ & %5 glycerol-
3-phosphate oxidase (GPO) % - 4 =i % * & (H20,) £ %‘gc} wF b ape
(peroxidase, POD) it H202 A 2 % %= ¢ quinoneimine o

Triglycerides + H,O Lip—>ase glycerol + fatty acids

Glycerol + ATP W glycerol-3-phosphate + ADP

GPO
Glycerol-3-phosphate + O, — dihydroxyacetone + phosphate + H,O»
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2H,0; + 4-aminophenazone + 4-cholorophenol ﬂ) quinoneimine (red) + HCI +4H-0

F o™ R R A - SRR B TRRHRE B Z YW
fin -2 % (200 mg/dL) rz- =k A 2 4§+ 100 ~ 50 ~ 25 ~ 12.5 mg/dL 2 =
FaH b figie o b b > HER 2 ¢ 2 bufferl £ enzymereagent2 R £353 >
fefl & F A o B~ 10 ul Rz FHRE HRFR2EL39 22 -
KA r 96 4P (2 £AFFES) £ Aer 100ul K OREA D F O 10 A 4E1S

BIE 490 nm =k o ¥ R EW Rje B H AP Ak R o

722w FRETRA AT
W BEA R 2 (Randox CH7945, UK) & {7 i i S PE BRI 20 B 2
RILAeT D Y PEEAR D & AL PR FAR (cholesterol esters) % PFERE
A% (free cholesterol) = 8775 7% o J5d & 34 cholesterol esterase +#-
o i R BFR -k 2 4 AR RIS 0 £ 5 EBRRF 57 (cholesterol oxidase,
CO) 5 ita;=2:FF ita (HO2) > = is£:EiEF it & f= (Peroxidase) it A;
= % 4= 4 quinonimine -

Cholesterol esterase )
Cholesterol ester + H,O cholesterol + fatty acids

Cholesterol oxidase
Cholesterol + O, cholestene-3-one + H,0;

. Peroxidase . L.
2H,0; + phenol + 4-aminophenazone ———— quinoneimine (red) + H.O

LE BRI S VRS S DR I R R 1]
% (200mg/dL) r2- =k A& AFFE A 100 - 50 ~ 25~ 125 mg/dL 2 &
A o B~ 10l ARG 2 s it s R 2 TR S0 2 - Fokder 96
FUip e (2 FAFRE) o B 4o 100pl FoREA 0 £k 10 A 412 490

nm =%k & > & R R E ST REHEER o
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Ao~ pup .3_5'_&?6;4‘ b S AR

AR AE LR FFFREINF T P FE G AR RKRE

e
81 ST AEHE 2

#-22 %> 30% sucrose/PBS ¢ z_ H e s agf w2 92 2 gpaeaL g At
4°C 4 59 %=X » & X { #- = 30% sucrose/PBS ."lﬁf%.éi.?%‘z N ]

¥ oo = X {442 5% 2 Tissue-Tek® O.C.T. Compound (Sakura® Finetek, Cat. No.

—

25608-930, USA) =t iz 7k g 4 2. 2-methylbutane (Sigma, M32631, USA) * & {74
Fedmo e B2z BHEERE 80°Ce SRR 447 I S g

oo o ..“:E.?%“«J«:,"J VLR T AN g e BT e Hap o Bougg 907 @

[ix4

A E M S IR TR S P Lo ¢ A % OCT f 2§ ie 4l

82 A%

27 318 (Leica Microsystems, CM3050S, Germany) # it:8 & & T_5 -23
3 -25°C > 7 R B AR G 8l e #er B4R AZppkat poly-L-lysine coated 2 'zt
7 (Sigma, PO425-72EA, USA) » * B T FE» ¥ 3 % G 27 (2 30veg

B) f T3t 20°C > B3t 1 B N RTILIARRE R S AREEE S B
83 FAM-BLAdprgeds HIELH

g (hematoxylin) i 5 d&1E > § & fmie fr ) hid & 2 e R oy
PEREA Y N S X (eosin) SERMAM  gR A R AE L P d o
g A M- = (Hematoxylin and Eosin, H&E) % ¢ AR L% ki (7 2 3] i

2o NP F L d 3R 4eT ol
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1. zR%ie 4%PFA HEfp’ » %@ PBS ¥ 5 ~ 4

2. Hematoxylin solution % 90 #;¥ %/ = =tk 5 ~4&

3. Mz TRIFH I RIE - Ak S A4

4. Eosinsolution & 30 #;i° = &-kied AL A

5. 1 70% ~ 80% ~ 95% ~ 100% Fpi st-k (kR & B PiE = T)

6. 100% JFp#msi-k 3 A4S =<

7. & Xylene3d » 47 =

8. 1 i P (Leica) 37 E K P H R RS

7 80k B R pcst (Leica DM100OLED) & fdpfe » & & s 2 & 200X

AT TBE 0 3 BARIFE (TP o 11 Image) AR £ F s F ugk e B NE b B E
250 @Ak o 447 & 0~6000 um 2 PR A g B e RS A F o KRBT e
JRZACRAFE R R FTOE 0 P E L e AP TioE 2 ukiag 62 o

R AR G T TR o

84 PuEMEfF R BITELIT

—

8 RHB- 38 2 Pig{Tgiapm g fF (succinate dehydrogenase, SDH)
Bd Ao F3r Rz PBS10 ~ 453 f O.C.T. Compound # h iz 5 4
48 > 2 1S KR E AT pe ¥ 2. SDH working solution (fe = 40T ) * & 15 ~ 45 ©
FRENEH ",% SDH working solution i 22 33 -k % b £ B > Bk 5518 1o
M d 5 (Leica) #F 5 I #*2 F k53t -20°C o

Rt R 1 BNk F R4t (Leica DM100OLED) 4P » & 5 jo ik
7 % h 200X AREF T B 5~15 RBARTFiE{T4p PR > 02 Imaged (NIH, U.S.
National Institutes of Health, Bethesda, MD, USA) z_ Histogram analysis 4 47 48 %%
Toarg vk ez SDH B R A A o

i# {7 Histogram analysis 4 47pF » L #-2r P i L A RS RP BB R A &

0~255 B d 2 F|d chd fF > LAIF & P ar B0 eribenfd (pixel) @& o 5 %
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$HE G REAT I Bl 0 S 250~255 ¢ R R e 4 s
ZFFPEL  REL )R R GG AR E L s Bl b o 24 R
G L G E kT Y 2 e SDH fE A AR 2 v b e

¥ %% SDH & A~ %% 50% 58 SDH % & > £3- 5 & 2% SDH % &

H G ke (7 R

B SDH working solution fe = #7Z 4334 :

(1) 1-methosypgenzine methosulphate (mPMS, Sigma M8640)

(2) Nitroblue tetrazolium (NBT, Sigma N6876)

(3) Disodium succinate stock (0.24M)
#- 3.24 g disodium succinate (Sigma W327700) #4c » = =x-k 2% I 50mL - fie
% % = 2_ Disodium succinate stock ¥ »* -20°C &3 %5 - & o

(4) Azide/EDTA/POA4 buffer stock

Component Amount  Final Concentration
Sodium azide 12.2mg 7.5 mM
Disodium EDTA 465.3 mg 5.5 mM
NaH2PO4 389.8 mg 13 mM
Na2HPO4 4.65¢ 0.13M

#err b peou ¥ 50mL - SRBFESAR pH EL 7.6 {80 Rz gtk
53 100mL - fe ¥ = % 2z buffer stock ¥t -20°C i3 5 - # o

B SDH working solution g

Component Amount Final Concentration
mPMS 8.4 mg 1mM
NBT 30.7 mg 1.5mM
0.24M disodium succinate stock 5ml -
Azide/EDTA/PO4 Buffer stock 10 ml -
ddH20 10 ml -
Total volume 25 ml
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1 ~mRNA %3447
9.1 .3&5?65,%, RNA 3 B~

i¢ * Direct-zol™ RNA MiniPrep % 2 (Zymo research, USA) it {7 e s 4
RNA 4B~ o k2 gpcif it # 5 4°C 12000 X g o 1 A4 o

P 0.05g gk r o FHus ¢ o 4 750 pl TRIzoI® Reagent
(Invitrogen 15596018, USA) » 12 e 32 fr 395 6~10 =x (20 fy/=) « e {8 P~
FHRIAOREFARCEY e SWFEFIFFE I FRATRE - R ER
# 3 E EArvgze spincolumn poo B f8 f@]*,ﬁ% WP P B o ¥ spincolumn #
I AT B E oo 4c » 400 pl Direct-zol™ RNA PreWash » g 5% WEE R
X AT F- Koo @ f5 4~ 700 ul RNA Wash Buffer » 3. )ik 15 > £ 3
& 4°C 12000 X g 2 4 48 72 % RNA Wash Buffer = i;%“,lrt o #- spin column
o R B MR s F ¢ 0 4o~ 50 ul DNase/RNase Free Water » dft.w #%- RNA
ORI MBS Y o T EBHI 5 RNA BR -

i isenit RNA 3% 142§ 4 € % B 3+ (Thermo scientific, NanoDrop-
2000, USA) RIE A2z~ Azo ~ 11 2 Aggorx k{8 o 11 Ao X 40 X F-1§ & #3t &
RNA k& (ng/ul) T 17 Ageol Azgo % Azsol Azzo k3= RNA S5 > & b B3 &
18 B i S Eas it RNA-

Bt RNA fR &2 i 7 F 48 33t -80°C -
9.2 % RNA F f#&é%x % cDNA

& * F #4iE A 2 2 High-Capacity cDNA Reverse Transcription Kit (Applied
Biosystems, Cat. No. 4368813, USA) #- RNA F i 45 CDNA » A2 40T & -4 1t
i6 ¢ RNA % &2 DNase/RNase Free Water ##f == 0.2 pug/pl » 2~ 10 pl #-# 12
71 RNA % 5% 7% 4c ~ 10 pul 2x RT Master Mix (;r 7 2 ul 10x RT Buffer ~ 0.8 pl

25x dNTP Mix (100 mM) ~ 2 ul 10x RT Random Primers ~ 1 pl MultiScribe™
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Reverse Transcriptase ~ 4.2 ul DNase/RNase Free Water) *© i& {7 F #&4-F & >
it s 25°C 10 245 - 37C 120 ~ 45 -85C 5 ~ 45 @ BisadF i 4°C o F 4
% = e CDNA # 52 % k& 5 100 ng/ul » #-H %332 -80°C » M & p fs 4718

* oo

93 z & TR &pvsad F & (Quantitative real-time PCR)

# CDNA % 511 7& FiB <= =k fF@ 4 Lng/ul - B~ 10 ul #7852 cDNA
(L ng/ul) 4c » 125 ul 2x Tagman® Universal Master Mix 11 (Applied Biosystems,
Cat. No. 4440038, USA) ~ 1.25 ul 20x Probe/Primer Mixture ~ 2 1.25 pl ;= = =%
koo AR 5 25 pl o #4E 540 ~ Multiplate® PCR Plate (Bio-Rad, Cat. No.
MLL9601, UK) » ‘& &7 2 “f Foets g e 27 mMRNA 28 447 - @ * CFX
Connect™ Real-Time PCR Detection System (Bio-Rad, 1855200, USA) :i& {7 T pF z_
€ FiE2 i 50C 2 A48 95C 10 ~ 45> 95C 15 )48 60C 1 ~ 45>
#e¢ 95°C 15 f48%2 60C 1 ~45E4F 40 B %k -

#7375 Probe/Primer AssayMix ID (Applied Biosystems, USA) 4-% 2-5
Srom oo Uk s BEF Bl 4 rpaple o 02 B Gapdh F R R e
(internal control) - %% & 2 Actb £ 5 p 845241 (internal control) -

S Sl N e
ACT = Ct value of target gene — Ct value of internal control
AACT = ACT of each sample — average ACT of control group

Fold of change = 2¢*4¢T)
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4 25 #7%3 gPCR A5 # 313 fFm 4
Table 2-5 Tagman® Primers ID used in the qPCR in this study

Gene symbol Gene name TagMan Assay 1D
Mitochondrial biogenesis, morphology, and function
peroxisome proliferator activated receptor,
Pgclo . Mm01208835_m1
gamma, coactivator 1 a
Nrfl nuclear respiratory factor 1 MmO01135606_m1
Tfam transcription factor A, mitochondrial MmO00447485 m1l
) fission 1 (mitochondrial outer membrane)
Fisl MmO00481580_m1
homolog (yeast)
Mfnl mitofusin 1 Mm00612599 m1l
Mfn2 mitofusin 2 Mm00500120_m1
Opal optic atrophy 1 MmO01349707_gl
uncoupling protein 2 (mitochondrial, proton
Ucp?2 ) MmO00627599_m1
carrier)
uncoupling protein 3 (mitochondrial, proton
Ucp3 ) MmO00494077_m1
carrier)
Cox7al cytochrome c oxidase subunit Vlla 1 Mm00438296_m1
Cox8b cytochrome c oxidase subunit VIl1b Mm00432648 m1l
Fiber type
Tnni troponin I, skeletal, slowl Mm00502426_m1
myosin, heavy polyeptide 7, cardiac muscle,
Myh7 MmO00600555_m1
beta, MyHC-I
myosin, heavy polyeptide 2, skeletal muscle,
Myh2 MmO01332564_m1
MyHC-lla
myosin, heavy polyeptide 1, skeletal muscle,
Myh1 ) Mm01332489_m1
MyHC-lix/d
myosin, heavy polyeptide 4, skeletal muscle,
Myh4 Mm01332541 _m1l
MyHC-11b
Pparo peroxisome proliferator activated receptors 6 MmO00803184_m1
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Myogenesis and atrophy

Igfl insulin like growth factor 1 MmQ00439560 m1
Igflr insulin like growth factor 1 receptor Mm00802831_m1
Fbxo32 MAFbx/Atrogin-1 Mm00499523 m1
Trim63 MurF1 Mm01185221_m1l
Sirtl sirtuin 1 MmO00490758 m1
Senescence
Cdkn2a cyclin-dependent kinase inhibitor 2A Mm00494449 m1l
Cdknla cyclin-dependent kinase inhibitor 1A (P21) Mm00432448 m1l
) serine (or cysteine) peptidase inhibitor, clade E,
Serpinel Mm00435860_m1
member 1
Mmpl2 matrix metallopeptidase 12 MmO00500554 m1
Cxcl2 chemokine (C-X-C motif) ligand 2 Mm00436450_m1
el chemokine (C-C motif) ligand 2; MM00441242 ml
monocyte chemoattractant protein 1 -
116 Interleukin 6 Mm00446190_m1

Internal control

GAPDH glyceraldehydes-3-phosphate dehydrogenase Mm99999915 gl
Actb actin, beta MmO00607939 sl
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60—+ i
10_|_ AHB
s T T T T T T T T T T T T T 1
Timepoint (week) 0 2 4 6 8 10 12 14 16 18 20 22 24 26
Aging mice age (months) 165 175 185 195 20.5 21.5 225
Younger mice age (months) 3.0 4.0 5.0 6.0 7.0 8.0 9.0

W31 4RPFEE]RLFEF

i"

Figure 3-1 The survival rate of the tested mice during the feeding experimental
period.

The survival rates between tested groups were not significantly different using Log-rank
(Mantel-Cox) test (p > 0.05).
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Aging mice age (mouths) 16.0 185 21.0 225 19.5 22.0
Younger mice age (months) 2.5 50 7.5 9.0 0.0 8.5
Factor Two-way ANOVA p-value
Age 0.464  0.618 0.503 0.205 0.000 0.000
Diet 0.615 0.351 0.389 0.128 0.169 0.196
Age x Diet  0.869 0.381 0.012 0.609 0.451 0.388
Inverted screen test D Inverted screen test
C - _wl a = 1.50+
g 304+ © @ i At p={1,017%
{n 25+ a ; 3 1.254 : ¥
< 20 23 100 -
2 = $2 015 £
= | I 0 ahe ol = % A7 % n
bR, pgec oA Eaeed taggd
i) N oas 2 = . b A o ry
R LRI T I A
s 0 . = ; ~ 0.00 . .
Aeing arios e oty 193 220 105 20
Younger mice age (months) 6.0 8.5 6.0 8.5
Factor Two-way ANOVA p-value
Age 0.000 0.000 0.000 0.012
Diet 0.208 0.337 0.248 0.126
Age x Diet 0.395 0.664 0.266 0.348

W 32 X3 B6 SRRHRPF LI FFFLRLHT
Figure 3-2 The physical performance of the tested B6 male mice during the feeding

experimental period.

(A) Forelimb grip strength performance at -2, 8, 18, 24 week; (B~D) Inverted screen test at 12
and 22 week; (B) Latency to fall, (C) Holding impulse, which was calculated as latency to fall
(sec) x body weight (g); (D) Number of rear legs moves/latency to fall (#/sec). The values
represent mean £ SD (n = 8 for AN and AH; n =10 for AHB, YN, and YH). Data were analyzed
by one-way ANOVA with Duncan multiple comparison test (or by nonparametric statistics for
those not following normal distribution). Values not sharing the same superscripted letter are
significantly different at p < 0.05.
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o % HgE ‘AA
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Timepoint (week) 22
Aging mice age (months) 22.0
Younger mice age (months) 8.5
Factor Two-way ANOVA p-value
Age 0.000
Diet 0.071
Age x Diet 0.879

W 3-3 X3 B6 2 &SN RHAH 22 2 RBfpk
Figure 3-3 The frailty index of the tested B6 male mice fed test diets for 22 weeks.
Data were analyzed by one-way ANOVA with Duncan multiple comparison test and by two-

way ANOVA. Values not sharing the same superscripted letter are significantly different at p <
0.05.
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'
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B : d
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= T
/ 25+ ‘ Inverted ‘ Tnverted
screen test creen tes
20—+ Bitter taste ~ © som el
5 acclimatization b
OTI T T T T

Timepoint {(week) 4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24 26
Aging mice age (months) 155 16.5 17.5 185 195 20.5 215 225
Younger mice age (months) 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0

W 34 X3FE B6 2H2R%RP2LI LR
Figure 3-4 The growth curve of the tested B6 male mice during the experimental

period.

Aging mice at 15.5 months (n=8 for AN and AH; n=10 for AHB) and Younger control mice at
2.0 months (10 mice/group) were fed, ad libitum, the AIN-93G diet for 3 weeks. After that, the
mice were grouped according to the body weight and grip strength performance tested at the 3"
AIN-93G fed week. After the 1-week progressive bitter taste acclimatization period (1% 2 days,
3% 2 days, and 5% 3 days), the mice were fed the AIN-93G, HS or 5% BGP in HS diet
according to their assigned group for 26 weeks. Animals were weighted weekly. The values
represent means + SD. Data were analyzed by one-way ANOVA with Duncan multiple
comparison test (or by nonparametric statistics for those not following normal distribution).
Values not sharing the same superscripted letter are significantly different at p < 0.05.
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Table 3-1 The body weight changes of the tested B6 male mice fed test diets for 26

weeks.
Dietary Initial body weight  Final body weight Body weight gain
group  n (9) (9) (9)
YN 10 26.60 + 1.36 © 38.66 + 3.94 P 12.06 + 3.67 &
YH 10 26.44+1.70° 40.62 + 4.49 % 1419+ 3.26 2
AN 8 39.93+2.94% 44,22 +3.70 2 429+ 4.60°
AH 8 39.41+277% 4406 +7.71° 4.65+8.12"
AHB 10 37.09+2.15" 36.22+5.83° -0.87 £ 6.46 ©
Dietary Factor Two-way ANOVA p-value
Age 0.000 0.013 0.000
Diet 0.649 0.602 0.471
Age x Diet 0.813 0.539 0.607

The values represent mean + SD. Data were analyzed by one-way ANOVA with Duncan
multiple comparison test and by two-way ANOVA (or by nonparametric statistics for those not
following normal distribution). Values not sharing the same superscripted letter are significantly
different at p < 0.05.
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Figure 3-5 The mean food intake and energy efficiency of the tested B6 male mice

during the experimental period.

The values represent means + SD. Data were analyzed by one-way ANOVA with Duncan

multiple comparison test (or by nonparametric statistics for those not following normal

distribution). Values not sharing the same superscripted letter are significantly different at p <

0.05. * denotes significant difference between AHB group and AH group at p < 0.05.
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Table 3-2 The food intake and feed efficiency of the tested B6 male mice fed test

diets for 26 weeks.

Dietary Food intake Feed efficiency?  Energy intake  Energy efficiency®
group n (g / day) (g BW/100 g diet) (kcal/day) (g BW/1000 kcal)
YN 10 351+021° 1.89+0.54 % 13.89+0.83" 478+1.36%
YH 10 354+0.12° 221+0482 14.02+0.49° 558+1.21¢%
AN 8 3.97+0.18% 0.60+0.65°¢ 15.72+0.73% 151+164°
AH 8 3.88+0.20° 0.67+1.15" 1535+ 0.78% 1.69 +2.90 ¢
AHB 10 3.78+0.28% -0.10+0.95°¢ 1496+ 1.11%® -0.24+2.39°¢

Dietary Factor Two-way ANOVA p-value
Age 0.000 0.000 0.000 0.000
Diet 0.620 0.432 0.620 0.432
Age x Diet 0.309 0.620 0.309 0.620

1. The values represent mean £ SD. Data were analyzed by one-way ANOVA with Duncan
multiple comparison test and by two-way ANOVA (or by nonparametric statistics for those
not following normal distribution). Values not sharing the same superscripted letter are
significantly different at p < 0.05.

Feed efficiency was calculated as body weight gain/total food intake x 100.
3. Energy efficiency was calculated as body weight gain/total calorie intake x 1000.
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Table 3-3 The absolute tissue/organ weights of the tested B6 male mice fed test diets for 26 weeks.

Dietary Body weight Heart Liver Spleen Lung Kidney Adrenal gland
group  n 9
YN 10 36.97+397%® 0.17+0.01" 1.31+0.23° 0.09+0.01° 0.19+0.01° 0.48+0.04> 0.004 +0.001
YH 10 3892+503%® 0.17+0.01" 1.63+0.33° 0.10+0.01° 0.19+0.02° 0.48+0.04°> 0.005 + 0.001
AN 8 4221+377% 019%0.01* 157+021° 0.12+0.03%® 021+0.01* 0.51+0.03® 0.009 + 0.010
AH 8 4235+754% 020+0.02% 2.16+0.58% 0.15+0.06% 0.22+0.02% 0.54+0.07% 0.006 + 0.001
AHB 10 33.44+6.45° 0.20+0.02% 1.59+0.25° 0.21+0.14% 0.21+0.01* 0.49+0.03° 0.006 + 0.003

Dietary Factor Two-way ANOVA p-value
Age 0.018 0.000 0.002 0.001 0.000 0.003 0.048
Diet 0.553 0.765 0.001 0.063 0.420 0.427 0.407
Age x Diet 0.609 0.485 0.891 0.879 0.878 0.412 0.384

1. The values represent mean + SD. Data were analyzed by one-way ANOVA with Duncan multiple comparison test and by two-way ANOVA (or by
nonparametric statistics for those not following normal distribution). Values not sharing the same superscripted letter are significantly different at p
< 0.05.
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Table 3-4 The absolute tissue/organ weights of the tested B6 male mice fed test diets for 26 weeks.

Dietary Testis Epididymis Prostate Seminal vesicle ~ EWAT RWAT IWAT BAT
group  n (9)
YN 10 0.19+0.02% 0.11+0.02 0.03+0.01°® 053+0.06° 1.73+0.50 0.85+0.33% 1.08+0.38% 0.24+0.10°
YH 10 0.20+0.01%® 0.12+0.01 0.03+0.01°® 053+0.12° 1.85+0.55 0.96+0.39% 1.35+0.56% 0.28 +0.132
AN 8 0.21+005% 0.13+0.02 005+0.03% 367+0.62% 1.96+0.63 0.89+0.37% 1.30+0.46% 0.24+0.062
AH 8 017+0.02® 0.12+0.02 004+0.02® 360+1.09% 1.82+0.88 0.88+0.46% 1.12+0.62% 0.30+0.172
AHB 10 0.17+0.03° 0.11+0.03 0.03+0.01° 254+1.15° 099+085 0.45+0.40° 0.61+0.48° 0.13+0.06°

Dietary Factor Two-way ANOVA p-value
Age 0.751 0.118 0.007 0.000 0.659 0.862 0.958 0.655
Diet 0.171 0.790 0.364 0.932 0.981 0.712 0.777 0.217
Age x Diet 0.034 0.016 0.143 0.938 0.555 0.625 0.202 0.805

1. The values represent mean = SD. Data were analyzed by one-way ANOVA with Duncan multiple comparison test and by two-way ANOVA (or by
nonparametric statistics for those not following normal distribution). Values not sharing the same superscripted letter are significantly different at p
< 0.05.

2. EWAT: epididymal white adipose tissue; RWAT: retroperitoneral white adipose tissue; IWAT: inguinal subcutaneous white adipose tissue; BAT:
interscapular brown adipose tissue.
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Table 3-5 The absolute tissue/organ weights of the tested B6 male mice fed test diets for 26 weeks.

Dietary BC LA Quadriceps Triceps Gastrocnemius Soleus TA EDL
group n 9

YN 10 010+0.01 0.07+0.01 0.43+0.04% 0.26+0.02 0.34+0.01° 0.02 + 0.00 0.12+0.01 0.03+0.00
YH 10 010+0.01 0.07+0.01 043+0.04% 0.25%0.02 0.33+£0.01%  0.02+0.00 0.12+0.01 0.03+0.00
AN 8 010+000 0.07+0.01 0.38+0.05® 0.26+0.02 0.33+0.02%  0.02+0.00 0.12+0.01 0.03+0.00
AH 8 009+0.02 0.07+£0.02 0.39+0.06% 0.25+0.04 0.30 £ 0.04° 0.02 + 0.00 0.11+0.01 0.03+0.00
AHB 10 0.08+0.03 0.06+0.02 0.31+0.07° 0.21+0.05 0.28 + 0.05° 0.02 + 0.00 0.10+ 0.02 0.02 + 0.00

Dietary Factor Two-way ANOVA p-value
Age 0.879 0.832 0.018 0.657 0.009 0.070 0.129 0.180
Diet 0.100 0.774 0.978 0.448 0.051 0.400 0.058 0.885
Age x Diet 0.441 0.900 0.661 0.842 0.298 0.265 0.255 0.180

1. The values represent mean = SD. Data were analyzed by one-way ANOVA with Duncan multiple comparison test and by two-way ANOVA (or by
nonparametric statistics for those not following normal distribution). Values not sharing the same superscripted letter are significantly different at p
< 0.05.

2. BC: bulbocavernosus muscle; LA: levator ani muscle; TA: tibialis anterior; EDL: extensor digitorum longus.
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Table 3-6 The relative tissue/organ weights of the tested B6 male mice fed test diets for 26 weeks.

Dietary Heart Liver Spleen Lung Kidney Adrenal gland
group n (% of body weight)
YN 10 047+0.04 352+031° 0.24+0.03° 052+0.06° 1.31+0.15 0.01 + 0.00
YH 10 044+005 4.15+039° 0.25+0.02° 050+0.07° 1.25+0.16 0.01 + 0.00
AN 8 046+0.06 3.70+029° 0.27+0.07° 0.51+0.04> 1.23+0.18 0.01 + 0.00
AH 8 049014 5.06+0.77% 0.39+0.25° 053+0.12° 1.32+0.32 0.02+0.01
AHB 10 0.61+0.17 495+1.44%® 0.70+0.56% 0.65+0.12% 153+ 0.34 0.02+0.01
Dietary Factor Two-way ANOVA p-value
Age 0.499 0.001 0.051 0.694 0.971 0.072
Diet 0.980 0.001 0.180 0.987 0.846 0.456
Age x Diet 0.317 0.026 0.412 0.524 0.290 0.459

Mice were fed test diets for 26 weeks. The relative skeletal muscle weight is expressed as the percentage of the body weight.

2. The values represent mean + SD. Data were analyzed by one-way ANOVA with Duncan multiple comparison test and by two-way ANOVA (or by
nonparametric statistics for those not following normal distribution). Values not sharing the same superscripted letter are significantly different at p

< 0.05.
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Table 3-7 The relative tissue/organ weights of the tested B6 male mice fed test diets for 26 weeks.

Dietary Testis Epididymis Prostate SV EWAT RWAT IWAT BAT
group n (% of body weight)
YN 10 0.52+0.092 0.30+0.08 0.07+0.02° 1.44+0.18°> 4.62+0.96 225+063 288+0.72% 0.62+0.20°
YH 10 0.52+0.07% 0.32+0.06 0.08+0.03° 135+025° 4.66+1.03 239+0.82 336+1.12% 0.68+0.26°
AN 8 049+0.11* 0321004 0.13+0.07*% 8.75+162% 460+129 207+0.74 3.01+0.84% 0.57+0.13%
AH 8 041005 0.28+0.08 0.09+0.05® 855+229% 409+1.60 1.95+087 251+1.19% 0.69+0.32°
AHB 10 051+0.08% 033+005 0.07+0.02° 744+3.07% 262+200 115+0.94 1.63+1.08° 0.37+0.10°
Dietary Factor Two-way ANOVA p-value
Age 0.015 0.785 0.018 0.000 0.473 0.245 0.287 0.879
Diet 0.146 0.815 0.460 0.747 0.582 0.780 0.146 0.497
Age x Diet 0.110 0.206 0.312 0.901 0.505 0.567 0.976 0.803

Mice were fed test diets for 26 weeks. The relative skeletal muscle weight is expressed as the percentage of the body weight.

2.  The values represent mean + SD. Data were analyzed by one-way ANOVA with Duncan multiple comparison test and by two-way ANOVA (or by

nonparametric statistics for those not following normal distribution). Values not sharing the same superscripted letter are significantly different at p

< 0.05.

3. SV:seminal vesicle; EWAT: epididymal white adipose tissue; RWAT: retroperitoneal white adipose tissue; IWAT: inguinal subcutaneous white

adipose tissue; BAT: interscapular brown adipose tissue.
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Table 3-8 The relative tissue/organ weights of the tested B6 male mice fed test diets for 26 weeks.

Dietary BC LA Quadriceps Triceps Gastrocnemius Soleus TA EDL
group n (% of body weight)

YN 10 0.27+0.03* 0.19+0.04 119+0.19% 0.72+0.10® 0.93+0.10%® 0.07+0.02® 0.33+0.04® 0.07+0.01
YH 10 0.25+0.04®® 0.19+0.04 110+0.12% 0.66+0.08® 0.87+0.14* 0.06+0.01° 031+0.04% 0.07+0.01
AN 8 0.25+0.02% 0.17+0.02 091+0.09° 0.61+0.05° 0.78+0.06° 0.06+0.01° 0.29+0.02° 0.07+0.01
AH 8 0.22+0.03° 0.17+0.03 093+0.07° 0.61+0.07° 0.73+0.07° 0.05+0.01°¢ 0.27+0.03° 0.06+0.01
AHB 10 0.24+0.04® 0.19+0.05 094+0.11° 0.64+006° 0.83+0.06® 0.07+0.01* 0.32+0.03*" 0.07+0.01"

Dietary Factor Two-way ANOVA p-value
Age 0.008 0.108 0.000 0.003 0.000 0.001 0.000 0.217
Diet 0.033 0.927 0.465 0.230 0.008 0.312 0.007 0.609
Age x Diet 0.872 0.826 0.235 0.354 0.358 0.717 0.456 0.708

Mice were fed test diets for 26 weeks. The relative skeletal muscle weight is expressed as the percentage of the body weight

2.  The values represent mean + SD. Data were analyzed by one-way ANOVA with Duncan multiple comparison test and by two-way ANOVA (or by
nonparametric statistics for those not following normal distribution). Values not sharing the same superscripted letter are significantly different at p
< 0.05.

3. *denotes significant difference between AHB group and AH group at p < 0.05.
BC: bulbocavernosus muscle; LA: levator ani muscle; TA: tibialis anterior; EDL: extensor digitorum longus

68

doi:10.6342/NTU201901252



)‘P‘F
Jiv
i
g
B
ik
%m

Fasting Serum Glucose B Fasting Serum TG C Fasting Serum TC
600~ 250+
= d a
£ x = 2004 a g a u
E [a] om0 . | ] E O b b % = b
Hioha . E ~ b Fa  lgo oFF o
2 5 .%‘ u £ = 1004 a . b E = 1501 . L
S o 2 8 aAla @ 8 AT A
CE = g E I = £ £ 1001 egne
o : 2 {' A o= ¢ s ala
5 n S : © " = s04 ©
c A
0l— ; . ; 01— . ; . - ol — . ; ; ;
YN YH AN AH YN YH AN AH  AHB YN YH AN AH  AHB
Two-way ANOVA p-value
Factor
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Age 0.017 0.001 0.767
Diet 0.613 0.003 0.048
Age x Diet 0.515 0.723 0.919
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Figure 3-6 The fasting serum biochemical analysis of the tested B6 male mice fed test diets for 26 weeks.

(A) Fasting serum glucose; (B) Fasting serum triglyceride; (C) Fasting serum total cholesterol. The values represent mean + SD (n = 8 for AN and AH;
n =10 for AHB, YN, and YH). Data were analyzed by one-way ANOVA with Duncan multiple comparison test and by two-way ANOVA (or by
nonparametric statistics for those not following normal distribution). Values not sharing the same superscripted letter are significantly different at p <

0.05.
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Age 0.003 0.000 0.000 0.000 0.000 0.000
Diet 0.213 0.201 0.125 0.176 0.016 0.189
Age x Diet 0.654 0.757 0.066 0.952 0.002 0.009
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Figure 3-7 The cross-section area of myofibers in various limb muscles of the tested B6 male mice

Sections from dry ice-cooled isopentane frozen triceps (A), gastrocnemius (B), and tibialis anterior (C) muscle were fixed in 4% paraformaldehyde in
PBS and stained with hematoxylin and eosin. Scale bar: 200 um. Myofibers were manually circled, analyzed, and plotted as cross section area (CSA)
distribution diagrams with Image J. Large CSA fibers (top 50%) and average CSA were quantified. The values represent mean = SD. Data were
analyzed by one-way ANOVA with Duncan multiple comparison test and by two-way ANOVA (or by nonparametric statistics for those not following
normal distribution). Values not sharing the same superscripted letter are significantly different at p < 0.05. In some cases, a two-sample Student’s t test

was further performed for the comparison with the AH group. * denotes significant difference between AHB group and AH group at p < 0.05.
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Figure 3-8 Histochemical staining of succinate dehydrogenase activity in various limb muscles of the tested B6 male mice.

SDH activity was observed from stained frozen sections of triceps (A), gastrocnemius (B), and tibialis anterior (C) muscle. Scale bar: 200 um. The
staining intensity was analyzed with Image J and plotted as intensity distribution diagrams. High SDH activity fibers (top 50% intensity) were
quantified. The values represent mean + SD. Data were analyzed by one-way ANOVA with Duncan multiple comparison test and by two-way ANOVA
(or by nonparametric statistics for those not following normal distribution). Values not sharing the same superscripted letter are significantly different at
p < 0.05. In some cases, a two-sample Student’s t test was further performed for the comparison with the AH group. * denotes significant difference
between AHB group and AH group at p < 0.05.
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Two-way ANOVA p-value

factor Pgcla Nrfl Tfam Fisl Mfnl Mfn2 Opal Ucp2 Ucp3 Cox7al Cox8b

Age 0.023 0.903 0.953 0.084 0.243 0.151 0.890 0.730 0.354 0.767 0.003
Diet 0.112 0.734 0.565 0.005 0.054 0.137 0.097 0.005 0.090 0.552  0.540
Age*Diet 0.042 0.006 0.005 0.118 0.747 0.826 0.473 0.132 0.843 0.071 0.031
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Figure 3-9 The mRNA expression levels of genes related to mitochondrial functions

in gastrocnemius muscle of the tested B6 male mice.

The mRNA expression levels of genes related to mitochondrial biogenesis (Pgcla, Nrfl, Tfam),
morphology (Fisl, Mfn1l, Mfn2, Opal), uncoupling (Ucp2, Ucp3), and oxidative
phosphorylation (OXPHOS) (Cox7al, Cox8b) in gastrocnemius muscle were analyzed by
guantitative real-time PCR. Data were normalized with Gapdh mRNA expression level and
presented as expression levels relative to the YN group. The values represent mean + SD. Data
were analyzed by one-way ANOVA with Duncan multiple comparison test and by two-way
ANOVA (or by nonparametric statistics for those not following normal distribution). Values not
sharing the same superscripted letter are significantly different at p < 0.05. In some cases, a two-
sample Student’s t test was further performed for the comparison with the AH group. * denotes

significant difference between AHB group and AH group at p < 0.05.
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Mitochondrial biogenesis Mitochondrial morphology Uncoupling OXPHOS

Two-way ANOVA p-value

factor Pgcla Nrfl Tfam Fisl Mfnl Mfn2 Opal Ucp2 Ucp3 Cox7al Cox8b

Age 0.724 0.724 0.562 0.490 0.335 0.102 0.419 0.042 0.978 0.022 0.021
Diet 0.460 0.608 0.694 0.816 0.647 0.951 0.771 0.375 0.156 0.550  0.581
Age*Diet 0.339 0.115 0.157 0.098 0.041 0.122 0.957 0.733 0.186 0.661  0.069
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Figure 3-10 The mRNA expression levels of genes related to mitochondrial

functions in soleus muscle of the tested B6 male mice.

The mRNA expression levels of genes related to mitochondrial biogenesis (Pgcla, Nrfl, Tfam),
morphology (Fisl, Mfn1l, Mfn2, Opal), uncoupling (Ucp2, Ucp3), and oxidative
phosphorylation (OXPHOS) (Cox7al, Cox8b) in soleus muscle were analyzed by quantitative
real-time PCR. Data were normalized with Gapdh mRNA expression level and presented as
expression levels relative to the YN group. The values represent mean + SD. Data were
analyzed by one-way ANOVA with Duncan multiple comparison test and by two-way ANOVA
(or by nonparametric statistics for those not following normal distribution). Values not sharing
the same superscripted letter are significantly different at p < 0.05. In some cases, a two-sample
Student’s t test was further performed for the comparison with the AH group. * denotes

significant difference between AHB group and AH group at p < 0.05.

75

doi:10.6342/NTU201901252



=
]

w
1

[
1

o
1

Relative mRNA expression level

=]
I
SSSSSS

L
RS S SN

Entensor digitorum longus

~

ab1 b

bb

TARARRRNY

a a
ab “pe be DA ab
[ b

ARRRRNY

b

bﬂb
b b

r
‘5
’
’

ASSSSSN)

a

bb

ARMRRRNY

bp

CJ YN E3 AN
A YH EA AH
&Aa AHB

a

a
ab ab

ab

KSSSSSS)

ASSSSSN

Pgela  Nrfl  Ifam  Fisl  Mfnl M2  Opal  Ucp2  Ugp3 Cox7aul Cox8b
Mitochondrial biogenesis Mitochondrial morphology Uncoupling OXPHOS
Two-way ANOVA p-value
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Age*Diet 0557 0.453 0.488 0575 0.140 0.213 0.991 0.675 0.384 0.691 0.117

B 3-11 £33 B6 2 &Rp® Lru M4 dp bR FIL BA T

Figure 3-11 The mRNA expression levels of genes related to mitochondrial

functions in entensor digitorum longus muscle of the tested B6 male mice.

The mRNA expression levels of genes related to mitochondrial biogenesis (Pgcla, Nrfl, Tfam),

morphology (Fisl, Mfn1l, Mfn2, Opal), uncoupling (Ucp2, Ucp3), and oxidative

phosphorylation (OXPHOS) (Cox7al, Cox8b) in entensor digitorum longus muscle were

analyzed by quantitative real-time PCR. Data were normalized with Gapdh mRNA expression

level and presented as expression levels relative to the YN group. The values represent mean +

SD. Data were analyzed by one-way ANOVA with Duncan multiple comparison test and by

two-way ANOVA (or by nonparametric statistics for those not following normal distribution).

Values not sharing the same superscripted letter are significantly different at p < 0.05.
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Two-way ANOVA p-value
factor Tnnil Myh7 Myh2 Myh1 Myh4 Ppard
Age 0.270 0.232 0.030 0.619 0.270 0.001
Diet 0.777 0.239 0.468 0.435 0.777 0.006
Age*Diet  0.346 0.760 0.076 0.345 0.346 0.078
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Figure 3-12 The mRNA expression levels of genes related to fiber type in

gastrocnemius muscle of the tested B6 male mice.

The mRNA expression levels of markers of type | fiber (Tnnil, Myh7), type lla fiber (Myh2),
type lld/x fiber (Myh1), type llb fiber (Myh4), and possible fiber type transition regulator
(Ppard) in gastrocnemius muscle were analyzed by quantitative real-time PCR. Data were
normalized with Gapdh mRNA expression level and presented as expression levels relative to
the YN group. The values represent mean = SD. Data were analyzed by one-way ANOVA with
Duncan multiple comparison test and by two-way ANOVA (or by nonparametric statistics for
those not following normal distribution). Values not sharing the same superscripted letter are
significantly different at p < 0.05. In some cases, a two-sample Student’s t test was further
performed for the comparison with the AH group. * denotes significant difference between AHB
group and AH group at p < 0.05.
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Two-way ANOVA p-value
factor Tnnil Myh7 Myh2 Myhl Myh4 Ppard
Age 0.138 0.075 0.730 0.067 0.097 0.283
Diet 0.912 0.429 0.272 0.888 0.974 0.662
Age*Diet  0.145 0.248 0.515 0.413 0.570 0.643
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Figure 3-13 The mRNA expression levels of genes related to fiber type in soleus

muscle of the tested B6 male mice.

The mRNA expression levels of markers of type | fiber (Tnnil, Myh7), type lla fiber (Myh2),
type lld/x fiber (Myh1), type llb fiber (Myh4), and possible fiber type transition regulator
(Ppard) in soleus muscle were analyzed by quantitative real-time PCR. Data were normalized
with Gapdh mRNA expression level and presented as expression levels relative to the YN
group. The values represent mean = SD. Data were analyzed by one-way ANOVA with Duncan
multiple comparison test and by two-way ANOVA (or by nonparametric statistics for those not
following normal distribution). Values not sharing the same superscripted letter are significantly
different at p < 0.05.
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Age 0.345 0.242 0.410 0.027 0.001 0.127
Diet 0.526 0.615 0.180 0.710 0.474 0.703
Age*Diet  0.628 0.616 0.742 0.821 0.638 0.228
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Figure 3-14 The mRNA expression levels of genes related to fiber type in entensor

digitorum longus muscle of the tested B6 male mice.

The mRNA expression levels of markers of type | fiber (Tnnil, Myh7), type lla fiber (Myh2),

type lld/x fiber (Myh1), type llb fiber (Myh4), and possible fiber type transition regulator

(Ppard) in entensor digitorum longus muscle were analyzed by quantitative real-time PCR. Data

were normalized with Gapdh mRNA expression level and presented as expression levels

relative to the YN group. The values represent mean + SD. Data were analyzed by one-way

ANOVA with Duncan multiple comparison test and by two-way ANOVA (or by nonparametric

statistics for those not following normal distribution). Values not sharing the same superscripted

letter are significantly different at p < 0.05.
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Relative mRNA expression level

Two-way ANOVA p-value

factor Igfl Igfir Fbx032 Trimé3 Siritl
Age 0.125 0.848 0.050 0.000 0.706
Diet 0.082 0.090 0.702 0.588 0.027
Age*Diet 0.065 0.752 0.158 0.443 0.275
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Figure 3-15 The mRNA expression levels of genes related to myogenesis and

atrophy in gastrocnemius muscle of the tested B6 male mice.

The mRNA expression levels of genes related to myogenesis (Igfl, 1gflr) and atrophy (Fbxo32,
Trim63) in gastrocnemius muscle were analyzed by guantitative real-time PCR. Data were
normalized with Gapdh mRNA expression level and presented as expression levels relative to
the YN group. The values represent mean = SD. Data were analyzed by one-way ANOVA with
Duncan multiple comparison test and by two-way ANOVA (or by nonparametric statistics for
those not following normal distribution). Values not sharing the same superscripted letter are
significantly different at p < 0.05.
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Two-way ANOVA p-value
factor pl6 p21 Pail Mmpl2 Cxcl2 Ccl2 116
Age 0.000 0.000 0.728 0.004 0.000 0.034 0.752
Diet 0980 0.044 0931 0401 0.681 0.923 0.932
Age*Diet 0.784  0.039 0.721 0.699 0.025 0.032 0.373
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Figure 3-16 The mRNA expression levels of genes related to senescence in

gastrocnemius muscle of the tested B6 male mice.

The mRNA expression levels of genes related to senescence, including cell cycle arrest
mediators (p16, p21) and senescence associated secretory phenotype (Pail, Mmp12, Cxcl2,
Ccl2, 116), in gastrocnemius muscle were analyzed by quantitative real-time PCR. Data were
normalized with Gapdh mRNA expression level and presented as expression levels relative to
the YN group. The values represent mean = SD. Data were analyzed by one-way ANOVA with
Duncan multiple comparison test and by two-way ANOVA (or by nonparametric statistics for
those not following normal distribution). Values not sharing the same superscripted letter are
significantly different at p < 0.05. In some cases, a two-sample Student’s t test was further
performed for the comparison with the AH group. * denotes significant difference between AHB
group and AH group at p < 0.05.
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Two-way ANOVA p-value
factor pl6 p21 Pail Mmpl2 Cxcl2 Ccl2 116
Age 0.000 0.000 0.000 0.010 0.000 0.000 0.000
Diet 0513 0436  0.682  0.243 0.955 0.533 0.569
Age*Diet 0.319 0.982 0834  0.879 0.850 0.920 0.914
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Figure 3-17 The mRNA expression levels of genes related to senescence in liver of

the tested B6 male mice.

The mRNA expression levels of genes related to senescence, including cell cycle arrest
mediators (p16, p21) and senescence associated secretory phenotype (Pail, Mmp12, Cxcl2,
Ccl2, 116), in gastrocnemius muscle were analyzed by quantitative real-time PCR. Data were
normalized with Actb mRNA expression level and presented as expression levels relative to the
YN group. The values represent mean + SD. Data were analyzed by one-way ANOVA with
Duncan multiple comparison test and by two-way ANOVA (or by nonparametric statistics for
those not following normal distribution). Values not sharing the same superscripted letter are
significantly different at p < 0.05.
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Two-way ANOVA p-value
factor pl6 p21 Pail Mmpl2 Cxcl2 Ccl2 116
Age 0.002 0521  0.103  0.497 0.075 0.331 0.009
Diet 0.181 0466  0.615  0.841 0.778 0.786 0.062
Age*Diet 0468  0.717  0.128  0.332 0.823 0.781 0.282
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Figure 3-18 The mRNA expression levels of genes related to senescence in EWAT of

the tested B6 male mice.

The mRNA expression levels of genes related to senescence, including cell cycle arrest
mediators (p16, p21) and senescence associated secretory phenotype (Pail, Mmp12, Cxcl2,
Ccl2, 116), in epididymal white adipose tissue (EWAT) were analyzed by quantitative real-time
PCR. Data were normalized with Gapdh mRNA expression level and presented as expression
levels relative to the YN group. The values represent mean + SD. Data were analyzed by one-
way ANOVA with Duncan multiple comparison test and by two-way ANOVA (or by
nonparametric statistics for those not following normal distribution). Values not sharing the
same superscripted letter are significantly different at p < 0.05.
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Two-way ANOVA p-value
factor pl6 p21 Pail Mmpl2 Cxcl2 Ccl2 116
Age 0.000 0.000 0.119 0.056  0.002 0.026 0.001
Diet 0.045 0.311 0322 0.751 0.889 0.168 0.232
Age*Diet 0.038 0.603 0916  0.025 0.806 0.763 0.610
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Figure 3-19 The mRNA expression levels of genes related to senescence in kidney of

the tested B6 male mice.

The mRNA expression levels of genes related to senescence, including cell cycle arrest
mediators (p16, p21) and senescence associated secretory phenotype (Pail, Mmp12, Cxcl2,
Ccl2, 116), in kidney were analyzed by quantitative real-time PCR. Data were normalized with
Gapdh mRNA expression level and presented as expression levels relative to the YN group. The
values represent mean + SD. Data were analyzed by one-way ANOVA with Duncan multiple
comparison test and by two-way ANOVA (or by nonparametric statistics for those not following
normal distribution). Values not sharing the same superscripted letter are significantly different
at p <0.05.
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Figure 4-1 Correlation between fasting serum glucose and body fat percentage of

tested B6 male mice
Body fat percentage was calculated as (sum of absolute weight of EWAT, RWAT, IWAT, and

BAT)/body weight
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k& #7858 (Brand et al., 2004; St-Pierre et al., 2002) - 77 3 45 ) » o R0 9= & 2
e M ROS end 4 o i H i I F R LR L 0 W S R SRR G
(Amara et al., 2007) o F]pt 2 i dip] > 5 90 Ucp2 mMRNA £ 3§ F 34 3 e43r H
st ROS i“f P X ¥R AR A B RETEY o g 3 4p 4t Ucep2 *
£ X g ppa g 5 d PPAR-y ¥ PGC-la #/&+ 34 (Thompson et al., 2004; Z.
Wu et al., 1999) » 2% f# 42 A4 o | B2 aed gg R T e pF 3 Pgela
Ucp2 » & ## — w8k o

B T A R E ) BE G R R A h BRI T o R p TR
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¥ Aese CS FiE Az BAT P psfs g A g > 85 iP5 e 3FAL

*ok adF R A i g 84 (Houtkooper et al., 2011) -

\
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AT RE T FoxO iy ¥ 1T 5320k XA otk o A P
FRET| SR e? Trime3 £ R E X F A 0fta) (B 3-15) 0 ©° ¢ asvgla
CSA ~#77 BLETD| X ¥ K2 Tiavuga CSA BF Mt 8 (F 3-7)° &a o
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PRt imie R EFA o AR T FRBEE P AEG IO TR R FET
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Relative p21 mRNA expression
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Relative Ppard mRNA expression

W 4-2 %3 B6 2~ &2 yed Ppard 2 p2l mRNA A F4 R EARAMIEALA 7
Figure 4-2 Correlation between relative Ppard and p21 mRNA expression level in

gastrocnemius of tested B6 male mice
Data were normalized with Gapdh mRNA expression level and presented as expression levels
relative to the YN group.

Gastrocnemius Gastrocnemius
£ £ 204
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) T 0 T T
€ 9 1 2 3 4 = 0 5 10 15
Relative pI16 mRNA expression Relative p76 mRNA expression

W 4-3 X% B6 &g sed ple &2 p2ImMRNA A FIZRERMIELS 7
Figure 4-3 Correlation between relative p16 and p21 mRNA expression level in

gastrocnemius of tested B6 male mice

Correlation between relative p16 and p21 mRNA expression level in gastrocnemius of tested B6
male mice without (A) and only (B) AHB group. Data were normalized with Gapdh mRNA
expression level and presented as expression levels relative to the YN group.
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Table 4-1 The effect of aging, high sucrose diet, and BGP supplementation on the

growing and serum biochemical analysis of the tested B6 male mice

Aging HS BGP

Growing
Final BW
BW gain
Food intake

— o~ >
1
1

Energy efficiency

Relative tissue/organ weights

Heart - - -
Liver 1 )
Spleen (1) -
Lung - - -
Kidney - - -
Adrenal gland (1) - -
Testis l - )
Epididymis - - -
Prostate

Seminal vesicle
EWAT - - -
RWAT - - -
IWAT - - -
BAT - - !

Fasting serum biochemical analysis

Serum glucose l - -
Serum TG l l -
Serum TC - 1 !
The effect of aging and high sucrose diet were determined by two-way ANOVA. One-way

ANOVA and two-sample Student’s t-test were used to determine the effect of BGP. 1/] means
significant increase/decrease at p<0.05. (1)/(]) means increase/decrease at 0.01>p>0.05.— means

no significant difference between groups at p<0.05.
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Table 4-2 The effect of aging, high sucrose diet, and BGP supplementation on the

various muscle parameters of the tested B6 male mice

Aging HS BGP
Relative tissue/organ weights
BC l ! -
LA - - -
Quadriceps l - -
Triceps l - -
Gastrocnemius l l )
Soleus l - )
Tibialis anterior l ! )
EDL - - 1
Histochemical analysis
., Y of large CSA fibers ! - 1
§ Mean CSA ! - (1)
™ o of high SDH activity fibers l - -
% of large CSA fibers l - )
g Mean CSA l - -
% of high SDH activity fibers l l )
% of large CSA fibers l l )
< Mean CSA l - (1)

% of high SDH activity fibers

The effect of aging and high sucrose diet were determined by two-way ANOVA. One-way
ANOVA and two-sample Student’s t-test were used to determine the effect of BGP. 1/] means
significant increase/decrease at p<0.05. (1)/(]) means increase/decrease at 0.01>p>0.05.— means
no significant difference between groups at p<0.05.
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Table 4-3 The effect of aging, high sucrose diet, and BGP supplementation on the

MRNA gene expression in various skeletal muscle of the tested B6 male mice

Gastrocnemius

(Mix type)

Soleus

(Type I-oxidative)

EDL

(Type I1-glycolytic)

Aging HS BGP

Aging

HS

BGP

Aging

HS BGP

Mitochondria related gene

Pgcla 1 -
Nrfl - -
Tfam - -
Fist (1) 1
Mfnl - -
Mfn2 - !
Opal - -
Ucp2 - -
Ucp3 - -
Cox7al
Cox8b ! -

()

— —

Fiber type related gene

Tnnil - -
Myh7 - -
Myh2 | -
Myh1l - -
Myh4 - -
Ppard A A

v
t

(1)

(V)
(1)

The effect of aging and high sucrose diet were determined by two-way ANOVA. One-way

ANOVA and two-sample Student’s t-test were used to determine the effect of BGP. 1/ means

significant increase/decrease at p<0.05. (1)/(]) means increase/decrease at 0.01>p>0.05.— means

no significant difference between groups at p<0.05.
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Table 4-4 The effect of aging, high sucrose diet, and BGP supplementation on the

MRNA gene expression of senescence related genes of the tested B6 male mice

GAS Liver EWAT Kidney
Aging HS BGP|Aging HS BGP|[Aging HS BGP|Aging HS BGP

Senescence related gene

L AT A A N R N
R O B N R R
Pail - S - - - - - - -
Mmp12 t - - |t - - - - - L -
Cel2 1 - M1 - - - - -1
Clz 1 - M1t - - | - - -1 - |
16 R R B O N I

The effect of aging and high sucrose diet were determined by two-way ANOVA. One-way
ANOVA and two-sample Student’s t-test were used to determine the effect of BGP. 1/ means
significant increase/decrease at p<0.05. (1)/(|) means increase/decrease at 0.01>p>0.05.— means
no significant difference between groups at p<0.05.
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Table 4-5 The comparison of effect of BGP supplementation in the mRNA

expression of mitochondria related genes in muscles of young and aging mice

Group 5% BGP in HS vs. HS
Model Young C57BL/6J male mice Aging C57BL/6J male mice
(%7 3%, 2014) (This study)
Time of 2.75-9month old 16.5-23month old
treatment (25 wk) (26wk)
Muscle SVL DVL GAS Soleus EDL
(Type I) (Type 1) (Mix type) ~ (Typel)  (Type Il)
Mitochondria related gene
Pgcla - i 1 - -
Nrfl 0 1 - 0 -
Tfam 0 1 - - -
Fisl 1 1 ! - -
Mfnl 1 1 - - -
Mfn2 0 1 ! - -
Opal - T 1 1 -
Ucp2 1 1 1 : 1
Ucp3 : 1 : 1
Cox7al - - l -
Cox8b 0 - - - -

Data were analyzed by one-way ANOVA and by two-sample Student’s t-test. 1/| means
significant increase/decrease between groups according to the analysis of one-way ANOVA or
Student’s t-test at p<0.05. — means no significant difference between groups at p<0.05. SVL:
superficial vastus lateralis; DVL: deep vastus lateralis
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