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A Comparative Study on Anti—Obesity Efficacy of Cydonia oblonga Miller
Fruit Extract in Diet-Induced Obesity Animal Models
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Received: March 27, 2024 Objectives: The objective of this study was to explore the anti-obesity effect of Cyadonia
Revised: May 11, 2024 oblonga Miller fruit extract (COME) and to compare its anti-obesity efficacy with Garcinia
Accepted: May 23, 2024 . . )
cambogia extract (GCE) in diet-induced obese mice.
Methods: Five-week-old male C57BL/6 were allocated into four groups: control diet
(CD), high—fat diet (HFD), HFD + 400 mg/kg body weight (BW)/day COME (H+C), or HFD
+ 400 mg/kg BW/day GCE (H+G) groups. COME or GCE was administered once a day by
oral gavage for eight weeks. Body weight, body fat percentage, fat weight, and bio-
chemical parameters in serum were measured. The expressions of transcription factors
and their target genes in epididymal adipose tissues were analyzed by reverse tran—
scription polymerase chain reaction.
Results: COME reduced body weight, weight gain, body fat percentage, total white adi-
pose tissue weight, adipocyte size, and serum levels of insulin and leptin in high—fat di-
et-induced obese C57BL/6 mice. COME suppressed the mRNA expressions of
CCAAT/enhancer binding proteina, peroxisome proliferator-activated receptory, ster—
ol-regulatory element-binding protein—1c, fatty acid synthase, and adipocyte protein 2
and increased carnitine palmitoyl transferase 1 mRNA expression in epidydimal adipose

Correspondence to: Eun Ji Kim tissues. The anti—obesity efficacy of COME was found to be similar to that of GCE at the
Industry Coupled Cooperation Center same dose. However, COME more effectively decreased adipose tissue weights, epi—
for Bio Healthcare Materials, Hallym didymal adipocyte size, serum insulin and leptin compared to GCE.
gﬁg’fgiggﬁ;ggﬁ“ﬁ:;:ak_g'l’ Conclusions: These results demonstrated that COME is not toxic and exhibits anti—obe-
Tel: +82-33-248-3106 sity efficacy at a level similar to that of GCE, suggesting that COME may be applicable as
Fax: +82-33-244-3107 an anti—obesity agent.
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glucagon-like peptide-1 receptor agonistZ Z}-83l= =
O 23AF] AHAltK(Saxenda, liraglutide)2} &
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A A 2 G5e Yl 1371548 iE 1A
YEE g AHRHI Utk
vl 29 2(Cydonia  oblonga Miller)= *EU2E7

(Dicotyledoneae), 7375 (Rosales), 7] ZHRosaceae)ll

sh= IEvHFoIH, o] 6 m AR Ahks YgAads
2 SHHH AFel Foll B2tk nfEdE dujj=
Ao 2 Hoj A Helo] WAty wsi o] o
A w, AN} 3N Pseudocydonia sinensis)Z SAFSE
of PRI Eelw, 2o} o] AL gl
A, A R Aol e
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xl—;é]i]. g 5357] A3 S9
T HAZ ARREH AT, mp
=292 Gyl chlorogenic acid, cryptochlorogenic acid, ne-
ochlorogenic acid, isochlorogenic acid, quercetin 3-rutino-
sides, quercetin 3-galactoside, quercetin 3-glucoside, kaemp-
ferol 3-glucoside 2 kaempferol 3-rutinoside 52] ThAFgk
B RS FHSIT Aok, maiel rizalE @
o} ] Jﬂl‘@rfﬂ'%% v]n EA138F Hamauzu 599 179l
29, Tl dujs mat) v He e & s
ELER vom glont thal e
namic derivativesE -3t Ut ohF
g Ao F2E2 s 9 g

I=asl)

F2] hydroxycin-
:rL oA mt=

TE} L IAEFO NN &
nf2d g du FEEL A M EQ] 3T3-L1 Aol A

adenosine monophosphate-activated protein kinase (AMPK)
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nf2d 2 gu FZE(Cydonia oblonga Miller fruit ex-
tract, COME)-2 &J4] 1 X](Chuncheon, Korea)ollA A| &1t
o} AF83IAATE Lee 5220] AAIG W ol we} nf2d=
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75+5 °Co] 1A 5AIZE Bk 23] FEIATE ol F F
9L AHsta s S & &5 &35t COMES A
Z3}99t}. High performance liquid chromatography = 4]
Al COMEY] E2 2414k ke 0.750 mg/g 1At} FA
NZEAR] 7IEAIY o} ZBER| o} FEE(Garcinia cambo-
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FTES 2% 2343 °C, FUlEE 50£10%, ZHAIZE 124]
7H08:00~20:00)2 AAHH A3 oA AMS3IIT 15
ke AL 77 AT EL AEFES IPAIES) &
E A AFAEAH.
B AFoA 33 nE FEAYL dHUsw 5F
A AL 52l 3t FEAYE A wet 3

&
314 TH(Hallym 2019-67).

AASEL 15712 AE 71 AZ F dRiel oA
sto] 47)e] NPT o' ERSIATE 5, thx2 o] (control
diet group, CD), A2 o] (high-fat diet group, HFD),
A 2] 0]+400 mg/kg body weight (BW) COME Fof
(H+C), 2 1x12]0]+400 mg/kg BW GCE %I -(H+G)

BRI 7 AET 3 8rtE ] AESES AN
SHTE AlE A 717 §<F CDIole thEAol(ellvA
Hl-& [kcal %), B3R %=70:20:10; Cat. no.
D124505B; Research Diets Inc., New Brunswick, NJ, USA)
£ 9ot A, HFD, H+Co- 3 H+Gwroll&= LA o]
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Cat. no. D12452; Research Diets Inc.)E ¥ 335 o™, Z+
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4. MXdE =4
AN TR 1Y Holl AFFES T #
x-ray absorptiometry (PIXImus™, GE Lunar, Madison, WI,

USA)E AHg3Ete] AAWNES =431

dual-energy

A4 W E=(glucose), /9| W(triglyceride), FZ# 2~

H|Z(total cholesterol), A =X Thll-Z¢| ~H| E(low-density
lipoprotein-cholesterol), 14 =2 1l Z#] 2~ H| E(high-den-
sity lipoprotein-cholesterol), bilirubin, & creatinine®] &3}
alanine aminotransferase (ALT), aspartate aminotransferase
(AST) ¥ gamma-glutamy! transferase (y-GT) 242 &
Ay 8}sHEA1 7] (KoneLab 20 XT, Thermo Fisher Scientific,
o]-g3te] ZA AT

d2 4 insulin (Millipore Corporation, Billerica, MA,
USA), leptin (R&D Systems, Minneapolis, MN, USA) %
adiponectin (R&D Systems) 32 Z12+2| enzyme-linked
immunosorbent assay 7] ES AF&-3}o] A|ZAFA A AA| S
Wilol et ST SEdE dF led dEe
g83le] <& A A (homeostatic model assessment for
insulin resistance, HOMA-IR)-2 Th3-2] &-2)([fasting glu-
cose (mg/dL) x fasting insulin (mU/L)}/405)2.2 AF&3}3

Vantaa, Finland)S

1P, e A4 (quantitative insulin sensitivity check in-
dex, QUICKD)2 ths-2] F2l(1/[log fasting glucose (mg/dL)
+log fasting insulin (mU/L)]) 2.2 A+E3FH TP,

&3 F a3 228 4% paraformaldehyde 1.7
ShATh o] URbAHQl 22 Mo w 22S As}

AL, Zojd ZASEFE 5 um9
22 i Azsian g2kl AA $ 22e F3)ks)
11, Accustain®
Aldrich Co., St. Louis, MO, USA)E AMg-3}e] A 23| A7}
AAIRE o] whet 228 FAEkATh o] % Bekn
(Axio Imager, Carl Zeiss, Jena, Germany)= AF8-3}e] 2}
z20] 225tz Wae BAAT LAy 229
AW A7]= AxioVision imaging analysis system (Carl

Zeiss) & AH83to] S A,

hematoxylin and eosin (H&E) stains (Sigma-
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7. Real-time reverse transcription—polymerase chain

reaction (RT-PCR)0l 2J8F mRNA &1 24

B3 X®rz2A | TRIzol reagent (Invitrogen Life
Technologies, Carlsbad, CA, USA)% ARE3F A ZALol A
A AR R el whe} total RNAS
spectrophotometer (BioSpec-nano, Shimadzu, Kyoto, Japan)
<= AH831o] total RNAS] 3+ Bl =55 S 3H3IT Total
RNA (2 pg)=5-E] HyperScript™ RT master mix kit (GeneAll

9331, micro-volume

Biotechnology, Seoul, Korea)E AF8-3}%] complementary
DNAE A=3t¥a, Al FHA] primer (Table 1)}
QuantiNova SYBR Green PCR kit (Qiagen, Valencia, CA,
USA)E AF8-3}] Rotor-Gene 3000 PCR (Corbett Research,
Mortlake, Australia)®ll 4] Lim &2°] A A|gF 270 2 RT-
PCRE 33t} ZF ML fr3d Ake] mRNA &2 Rotor-
Gene 6000 series system software program version 6 (Corbett
Research)& ©]-83te] 438111, 7+ F-72ke] mRNA &
3 4L glyceraldehyde 3-phosphate dehydrogenase mRNA
o g BAgsie] UeRfAT

8. SA=M

BE A B gk EE 2 X meantstandard error of the
mean) .2 JERASITE Al@T 7] o4 HEe Bk
-2 (analysis of variance) 2.2 43} 11, F2|g 2}o]7}

0

= 4% 9 4= P<0.05°4] Duncan’s multiple range

testZ AFE S-S AASIY T

Table 1. Primer Sequences Used in This Study

AE717F ZoF 13

W3S Fig. 1A YERAIT AE713F 5<%

5 =
oo APF= ALKHOE AFo] Frtste] A3
)l AS WskE YehdAoh CDIoll Bls) HFDT 2| AlE
[e)

2 1572 E o488 S71E JER T HFDol| H]
&) H+C# H+Gw o] AT 75AHH froldoz 1
2390, H+CH H+GT Tholl= Fre=Ql ztol& U
ERRA] ekSkThFig. 1A). LA FZ7HE-S CDTol 3]
HFDw oA frejd o= F7tskaith. H+CE2 H+GT 9
JdUAAFZ7 S 2+ 0.25+0.02 g/day9t 0.28+0.023
g/day 2 HFDol|l Hl&} fro]2 o2 7433l thFig. 1B).

d Y2 ol dH 2 CDoll Mgl HFDT- oA o8 2
2 a8t o, HHCT 3 HiGTY dYA ol A=
HFD<ll Bl3] o o= 7FA8t{thFig. 1C). HFDT
o] Alo]FEL (.148+0.008 = CD(0.055+0.006)°1 HI3}
AA3) 2718tk H+C 3 HHG-o] Aol &&-& 742}
0.119+0.009, 0.129+0.1192 HFDol| Hl&} frejzoz 7+
239 o, HHCTH HHG Tholl= fre4Ql ztol& U
ER A ek THFig. 1D).

2. COMEO| ¥ V|5 ¥ LE7Is XIEO DjX|l=

85 &<t COME®} GCEE 400 mg/kg BW 832
o A 54 8 ARS A fJ8] EAlA 3
A #R] ALT, AST ¥ y-GT &4} bilirubin &F<
3, AA7)S

g

e X

(

n
ol
ol
=L
2 o% of 4 ook

Z|3%Q] creatinine $FHES

Target gene Forward primer (5'-3’)

Reverse primer (5'-3)

aP2 GGATTTGGTCACCATCCGGT
C/EBPa TGGACAAGAACAGCAACGAGTAC
CPT-1 CCTGGAAGAAACGCCTGATT
FAS AGGGGTCGACCTGGTCCTCA
HSL CCGTTCCTGCAGACTCTCTC
PPARY CAAAACACCAGTGTGAATTA
SREBP-1c CACTTCTGGAGACATCGCAAAC
GAPDH TGGGTGTGAACCATGAGAAG

TTCACCTTCCTGTCGTCTGC
GCAGTTGCCCATGGCCTTGAC
CAGGGTTTGGCGAAAGAAGA
GCCATGCCCAGAGGGTGGTT
CCACGCAACTCTGGGTCTAT
ACCATGGTAATTTCTTGTGA
ATGGTAGACAACAGCCGCATC
GCTAAGCAGTTGGTGGTGC

aP2: adipocyte protein 2, C/EBPa: CCAAT/enhancer binding protein a, CPT-1: carnitine palmitoyl transferase—1, FAS: fatty acid
synthase, HSL: hormone-sensitive lipase, PPAR7: peroxisome proliferator-activated receptor v, SREBP-1c: sterol-regulatory
element-binding protein-1c, GAPDH: glyceraldehyde 3-phosphate dehydrogenase.
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Fig. 1. Effect of COME treatment on body weight change, body
weight gain, food intake, and food efficiency ratio in high—fat
diet-fed C57BL/6 mice. Mice fed with high-fat diet were treated
with COME or GCE by oral gavage for 8 weeks. (A) Body
weight were measured every week. (B) Body weight gain. (C)
Food intake. (D) Food efficiency ratio. Values are expressed as
the mean*SEM (n=8). COME: Cydbria oblonga Miller fruit extract,
GCE: Garcinia cambogia extract, CD: control diet, HFD: high-fat
diet, H+C: HFD+400 mg/kg body weight/day Cydonia oblonga
Miller fruit extract, H+G: HFD+400 mg/kg body weight/day
Garcinia cambogia extract, SEM: standard error of the mean.
Means without a common letter differ at P<0.05.
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Table 20 YERHATE. €73 ALT 242 CDoll Hl3|
HFDZOIAM Fold o= S7lsisith @3 ALT 482
HFDZ, H+C 3 HG Zhell 2] 2{¢] 2ol & HehfiA]
orskch. &% y-GT 2497 bilirubin F8-& 12 %20] A
FHoll oJ&l tha F7Fekdeh H+GT2] EF y-GT B4
HFDol Hl8] fojxo s 7hA8t9al, H+CT9) bilir-
ubin S HIE] fFo]H o= FHASTE A A o] A
#, COME %o 9 GCE Fol& ¥4 AST 493 crea-
tinine gl FoJ3 FEFS PIX A FUTHTable 2).

3. COMEO]| &
Oixfs 98

Y DEYW XY SY Y oEY AN

COME$} GCE®] AL &3 7HA &5 ZASH |
Asl A 2= 2 AE JEFSE S a

Jded FFS SHSAT €4 =T FF2 CDTOl
Hlall HFDwoll A frolA o= F7kstglom, HGwel &
A T5q gheFe HEDT ol Bldl fro2 o2 7FAEtT)
HFDT9] 8% S8R 2 88.8+4.0 mg/dLE CDT*
o vls] tha F7EATh H+Co €3 SAAY &
< HFD 3 #1213 Q1 ztol & Ueb A 43ty H+G
o] ¥ FAA ke HFDT O Hlg)| fejzlow 7+
asigith €4 FFe=EE 32 CDToll vlsh HFD
oA freld o2 ULt H+Ce] 8H T2
HZ 35S HFDT Ol vla) freldes asgint. W
A, H+GTY 8% ZZY 2H 2 35S HFDT Hla)
7k S YErlow foA Rl ol & YERY
A eFFTHTable 3).

YA Aed e a2 o] HF 0 oal fAe] F

7¥etlom, ol COME ¥ GCE Fo¢] H+Ca3t H+G

ol
ol
on
8

Table 2. Effect of COME on Serum ALT, AST and v-GT Activities and Serum Bilirubin and Creatinine Levels in HFD-Fed C57BL/6 Mice

CD H+C H+G
ALT (U/L) 58.245.7° 95.6+13.6° 94.7+10.7° 102.3+16.5°
AST (U/L) 109.4%6.0 130.4£8.0 112.048.2 128.6411.2
7-GT (U/L) 4.93+0.53%® 5.33+0.58" 5.25+0.14° 3.90£0.29°
Bilirubin (mg/dL) 0.277+0.039% 0.309+0.022° 0.200£0.010° 0.286+0.052%
Creatinine (mg/dL) 0.337£0.009 0.345£0.005 0.335+0.004 0.371+0.025

Values are expressed as the meantSEM (n=8).

COME: Cydonia oblonga Miller fruit extract, ALT: alanine aminotransferase, AST: aspartate aminotransferase, 7-GT: gamma-—
glutamyl transferase, HFD: high-fat diet, CD: control diet, H+C: HFD+400 mg/kg body weight/day Cydonia oblonga Miller fruit
extract, H+G: HFD+400 mg/kg body weight/day Garcinia cambogia extract, SEM: standard error of the mean.

Means without a common letter differ at P{0.05.
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oA fFoH o R A ded AP A
HOMA-IR-2 CD<-l| H|8]] HFDol| A &A 3] 71515
H+CT3 H+GT-2] HOMA-IRS HFD-ol| Hla] #-2]%o
2 Astt eEd 17 A EQ] QUICKIE CDol
H)s] HFDFA A3 744891, H+CE3 H+GT9
QUICKIZ HFDZel Wlal 22 2.2 5718l tH Table 3). "o wp e me | o w mo o

i

o
s
g

H

Fat mass percentage (%)
b

Lean mass percentage (%)
3

OCD mHFD mH+C oH+G

ic fat Retroperitoneal fat Inguinal fat

4. COMEO| &% leptin2t adiponectin &2 O|Xl= Hgk

oA AIE 24d3l= 23 T2E9 leptin} adi-
ponectin®] 3 & =43} Table 30 YEFATE
4 leptin TS CDTOl B3| HFDTAA A3 S7}
3} AL, HFDT ol Bl H+CTolA fod oz 743ty
t}. 4 adiponectin -2 CDTol| HI8| HFDTol A
ojH o7 7+AsY o, ¥ adiponectin -2 HFDT,
H+C B H+G* Zrell &l zto]E YERA] %2
TH(Table 3).

o N

Fat tissue weights (g)

o
- %
Lt

T
&

by
EN

C

Total WAT weights (g)
© 24 N w A& 0 oo =N

5. COMEO| HMX|UEn} XIUEX] FAO OX|= J&t

X X|
CD3 HFDT9] AALEL 2+ 29.1£0.9%, 43.9+ Fig. 2. Effect of COME treatment on adipose tissue weight in

N = - high—fat diet-fed C57BL/6 mice. Mice fed with high—fat diet
1L.9%= APE2]o] AdH ol ofaf AxEo] 1514 S71st Wgre treated with COI\/IE/ or GCE by oral gavage fo? 8 weeks.

9o} H+CEH H+G22] A58 717} 35.042.7%, 38.5+ (A) Body fat mass percentage and (B) lean mass percentage

_ ’ were measured using dual-energy x-ray absorptiometry. (C)
1.0%= HFDol Hl&] F2jZ o7 7HA3H o, H+C Adipose tissue weight in epididymal, retroperitoneal, mesenteric,
I H+GT 7he] AAHES SoHel zFo]S LpEh A= and inguinal fat. (D) Total white adipose tissue weights were

A1 calculated as the sum of epididymal, retroperitoneal, mesenteric,
2 THFig. 2A). HFD9] AXW-E-L CDol| 13|

£-9] and inguinal fat. Values are expressed as the meantSEM (n=8).

COME: Cydonia oblonga Miller fruit extract, GCE: Garcinia cambogia

o2 ZFASIY T H+C ) H+GTo AAGES 22t extract, CD: control diet, HFD: high—fat diet, H+C: HFD+400
0o = mg/kg body weight/day Gubnia oblonga Miller fruit extract,

64.12.7%, 61.541.0%= HFDol sl fojxox 57} H+G: HFD+400 mg/kg body weight/day Garcinia cambogia extract,
St ok H+C 3 H+GT 7He) AAEL 8921 2} WAT: white adipose tissue, SEM: standard error of the mean.

Means without a common letter differ at P{0.05.

Table 3. Effect of COME on Serum Glucose, Lipids, Insulin, Leptin, and Adiponectin Levels in HFD-Fed C57BL/6 Mice

cD HFD H+C H+G
Glucose (mg/dL) 141.1£10.4° 197.149.9° 186.748.1% 162.4+12.6
Triglyceride (mg/dL) 77.5£3.7% 88.8+4.0° 76.5+3.5% 64.2+7.7°
Total cholesterol (mg/dL) 159.4£9.0° 186.5%5.3%® 167.9£8.5% 196.5%11.5°
Insulin (ng/mL) 2.53+0.26° 8.61£1.15° 4.54+0.20° 6.5620.58°
HOMA-IR 20.5%1.4° 101.4414.9° 50.0£2.5° 60.4%2.4°
QuICKI 0.256+0.002° 0.220+0.004° 0.233+0.001° 0.228+0.001°
Leptin (ng/mL) 18.0%2.0° 122.0£10.9° 62.619.5° 107.316.6°
Adiponectin (ng/mL) 10.7£0.3° 9.8+0.2° 9.7+0.4° 9.7+#0.2°

Values are expressed as the meantSEM (n=8).

COME: Cydonia oblonga Miller fruit extract, HFD: high—fat diet, CD: control diet, H+C: HFD+400 mg/kg body weight/day Cydonia
oblonga Miller fruit extract, H+G: HFD+400 mg/kg body weight/day Garcinia cambogia extract, HOMA-IR: homeostatic model
assessment for insulin resistance, QUICKI: quantitative insulin sensitivity check index, SEM: standard error of the mean.

Means without a common letter differ at P<0.05.
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epididymal adipose tissues in high-fat diet-fed C57BL/6 mice.
Mice fed with high—fat diet were treated with COME or GCE by
oral gavage for 8 weeks. The epididymal adipose tissue was
excised, fixed in 4% paraformaldehyde, embedded in paraffin,
and sectioned at 5 um. Tissue sections were stained with H&E.
(A) Representative H&E stained images of epididymal adipose
tissues (n=5), 200x magnification, scale bar 50 um. (B) Adipocyte
size. The longest diameter of the adipocytes was measured.
Values are expressed as the meantSEM (n=8). COME: Cydonia
oblonga Miller fruit extract, GCE: Garcinia cambogia extract, CD:
control diet, HFD: high—fat diet, H+C: HFD+400 mg/kg body
weight/day Cydonia oblonga Miller fruit extract, H+G: HFD+400
mg/kg body weight/day Garcinia cambogia extract, H&E:
hematoxylin and eosin, SEM: standard error of the mean. Means
without a common letter differ at P<0.05.
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Fig. 4. Effect of COME treatment on the expression of adipogenic
transcription factors in the epididymal adipose tissues of high-
fat diet-fed C57BL/6 mice. Mice fed with high-fat diet were
treated with COME or GCE by oral gavage for 8 weeks. The total
RNA in epididymal adipose tissue was isolated and reverse
transcribed, and a real-time PCR was conducted. The expression
of (A) C/EBPa, (B) PPARY, and (C) SREBP-1c mRNA was
normalized to the expression of GAPDH mRNA and presented
relative to the CD group. Values are expressed as the meant
SEM (n=8). COME: Gbriia oblonga Miller fruit extract, GCE: Garciria
cambogia extract, CD: control diet, HFD: high—fat diet, H+C:
HFD+400 mg/kg body weight/day Cydonia oblonga Miller fruit
extract, H+G: HFD+400 mg/kg body weight/day Garcinia cambogia
extract, C/EBPa: CCAAT/enhancer binding protein a, PPAR7:
peroxisome proliferator-activated receptor 7, SREBP-1c: sterol—-
regulatory element-binding protein-1c, GAPDH: glyceraldehyde
3-phosphate dehydrogenase, SEM: standard error of the
mean. Means without a common letter differ at P<0.05.
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Fig. 5. Effect of COME treatment on the expression of
adipogenesis— and lipolysis-related genes in the epididymal
adipose tissues of high-fat diet-fed C57BL/6N mice. Mice fed
with high-fat diet were treated with COME or GCE by oral
gavage for 8 weeks. The total RNA in epididymal adipose tissue
was isolated and reverse transcribed, and a real-time PCR was
conducted. The expression of (A) FAS, (B) aP2, (C) CPT-1, and
(D) HSL mRNA was normalized to the expression of GAPDH
mRNA and presented relative to the CD group. Values are
expressed as the meantSEM (n=8). COME: Gubria oblonga Miller
fruit extract, GCE: Garcinia cambogia extract, CD: control diet,
HFD: high—fat diet, H+C: HFD+400 mg/kg body weight/day
Cydonia oblonga Miller fruit extract, H+G: HFD+400 mg/kg body
weight/day Garcinia cambogia extract, FAS: fatty acid synthase,
aP2: adipocyte protein 2, CPT-1: carnitine palmitoy! transferase—1,
HSL: hormone-sensitive lipase, GAPDH: glyceraldehyde 3-
phosphate dehydrogenase, SEM: standard error of the mean.
Means without a common letter differ at P<0.05.
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