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Effects of Fragaria Orientalis Water Extract on Adipogenesis
in Diet—induced Obese C57BL/6 Mice
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ABSTRACT

Objective : In this study, the anti—obesity effect of Fragaria orientalis (FO) on high—fat diet—induced obese mice was
investigated, Drug treatment methods are widely used as obesity treatment methods, but research using various
natural products is being conducted due to safety concerns. This study aims to evaluate the anti—obesity effect of
FO extract, a natural product derived from Mongolia,

Methods : C57BL/6 mice were used and divided into three groups, normal diet group, high—fat diet group, and high—fat
diet with FO oral treatment group at a dose of 300 mg/kg. Extract was orally provided everyday for 6 weeks. Body
Weight and food intake were measured every 2 days and blood lipid profiles and liver function in the sacrificed mice
were evaluated, In addition, protein expression in hepatic tissue and histomorphological changes in liver and adipose
tissue were observed.

Results : Body weight, adipose tissue weight and FER were significantly lower in a high—fat diet with FO treatment
than fed only high—fat diet, There was a significant difference between the high—fat diet and the FO—treated high—fat
diet mice, As a result of analyzing lipid metabolism—related genes in hepatic tissue, all of p—AMPK, p—ACC, PPAR—«,
CPT-1, and UCP—1 showed significant increases, and PPAR—y also decreased significantly compared to the high—fat
diet group.

Conclusion : Overall, these results indicate that FO is effectual in improving obesity, suggesting that it can be used
as a possible material for anti—obesity agents or functional supplements for weight control,
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of| A 2 AA Q] A 0 & vl W3k} A WA s
T2AQ @golBRE Aol oY}, dh=t-2 A= v w s
Hjghgo] ] erA|ut 2 1047 AAF o2 ZU15tE A
£ Ho|x 9o}, =9l ke 20073 9] 31.7%4 10d
B 1.5% S7kste] 34% oW & v|EtA fAst e, 1 &
5347t 5% 7k7ko] 2A F7FetgTh. 202292 2020990 ]3]
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20228 FA| FAE 47.7%, A= 25.7%2 GA H 5o
AYPERE 40t7} 40.7%2 7 Eod yo|7l E4E
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FAH o2 AAFA S 30 278 o vigte 2 golgic}
o 2o F7HE9] vThEE W2 F$ 20199 ARE
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@2 Holrt, A2e] AL GA| gh=ro] H|ThEE 5 5%E Al
F7FERET 3A Bt a2y Ata] ggao] FAbEH
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. B3 So] AgHT Y, FEXEE 7P AR E o E
2 ol vRiA kER W] AME-2FES] phentermine,
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Fragaria orientalis Losinsk (FO)& A&A4, ttdA, #
uji AE2 =, F, Ao TR 4 S0 9y 2=
| opgr|2 Bl FO: @49 387 s ¥
F909k 7HEol et Askst EFo|tt?, FOE F EE A
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oA FFEol AMESHE T, FO= %& Uburkhangai aimag
oA 747 AFEHANLH, HF * Axsc A2E A=
sto] Aot 2712 £t A2 9% 200 gofl 10849
DW (distilled water)E 78t F, heating mantle (NP33.1,
Pilz, Ostfildern, Germany)& A3t 100Co|A 24| 7F
7Hgstatt, F2dS o T ARES HYL AT EF7]
(RE-301, Equipment Co, Zhengzhou, China)2 %%3}%
o, o]& freeze—dryer (7753027, Labconco, Missouri,
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2) HlEt SIFPH FIRIS S5t TXRAO| U o F0i

Ay o) gF & 4 JE2 8 19 |4t Z4
Aol AIN-76A(D10001, Research Diets)S A3 oo
HTk 58 2d2 77k 50| weh HFD, HFD+FO 1&
ol 63 B TAW 2]o](45% kcal% AW, D12451,
Research Diets, USA)Z SE=E 3t 24]o]9 AAIeH AR

£4& Table 17+ Zom], HAHAlol: &45H8 66%, Td
20.3%, A% 5%0]1 AA| Aol B3R 41%, T

H=2=2H0

24%, A% 24%% /4= 0] Yok, HFDZlE FO E5588
300 mg/kg¥ A7 FolPom, NDE& FO%t FYe H5] <]

0.9% AgE B FAR. Aol id LA Al
zrel 235900, AF % Ao AR(FER)S 67 5 29
2 71259 58 8L draddstn SENgees)
A3]|(DHU2022-024)9] 591& T2 & $3P= Uk,
Table 1. The general characteristics of participants
Ingredient (%) NDV HFD?
Sucrose 500 201.4
Casein, 30 Mesh 200 233
Lard* 206.8
Corn Starch 150 84.8
Maltodextrin 10 117
Cellulose, BW 200 50 58
Corn Oil 50
Soybean Oil 29
Potassium Citrate, 1H20 19.5
Dicalcium Phosphate 15
Mineral Mix S10026 12
Calcium Carbonate 6.4
DL—Methionine 3
L—Cystine 3
Mineral Mix S10001 35
Vitamin Mix V10001 10 12
Choline Bitartrate 2 2
FD&C Red Dye #40 0.06
Total (g) 1000 1000

* Cholesterol in lard = 0.95 mg/g, Cholesterol (mg)/4057 kcal =
196.46

ND; AIN-76A Diet, ?HFD ; high fat diet(rodent diet with 45%

keal %fat)
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A7 T8 F 1247 4] F A E SPAHT. F
EL o]AZFY (JW Pharmaceutical, korea)& &3}

utHAFH T}, 1ee FAIE ]88t stEH FoA P& &
A B2 7] Gel (BD microtainer, USA)©] ¢+ ulo] I =)

C57BL/6 Miceoll A vgt B Qlz}of u]X&= F&F

Aol &A 3000rpm(4C)ofIA 1587F A4
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Korea)2 ZA3}¢ct. LDL-ZH A E(LDL-C)1 S9W7
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A3 Aalo] EA= SPSS statistics (v, 27.0, USA)S ©]&,
one—way analysis of variance (ANOVA)S o]-&3}o] B4
3}t Duncan's multiple range testS A3t AZE3}
St Zit= B £ FFUXRE BASHGT

m 2 I

1. Effect of FO on body weight gains, food

intakes and food efficiency ratio,
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(o2}

T ¢ 1A Aojet FOE AHE nte-29 B4 AS
H3l, Aol dHF E FERS % 23 Zth HF A5 € 71
F2 ND#(23.62+0.3 € 0.10+0.00), HFDT(28.48+
0.53 @ 0.20+0.01), HFD+FOZ(25.83+0.5 ¥ 0.12+
0.01)22 Yetgth FHF A5 NDF| B3] HFDZA
Lol5HA Z71glon HFD+FOwL HFDw] H|3)] Solst
HaE FRlstdt. B3 HF A2 HFDO Hls] HFD+
FOZNA 9.3%= ZraFt Aol HFD+FOZA
ND&} HFDol| H]3j| -9J3HA] ZH48t4al, NDw--2 HFD-¢]l
Hl3) 723t AL B9rh, ND(1.32+0.09)7 HFD+
FOZ(2.18+0.13)2] FER (4lo]&-8)2 HFDZ (2.98+0.1)
v|3 32514 43 thH(Table 2).

Table 2. Effects of FO on body weight, body weight gain, food intake and FER in diet—induced obese mice.

ND HFD FO
Initial BW (g) 20.21+0.26 20.21+0.26 20.07+0.25
Final BW (g) 23.62+0,3" 28.48+0,53° 25.83+0,5
BWG (g/day) 0.10+0.00" 0.20£0,01° 0.12+0.01°
FI (g/day) 2.58+0.04" 2.62+0.1° 2.2440.05
FER 1.3240.09° 2.98+0.1° 2.18+0.13

Data are mean+S.E. ®Means not sharing a common letter are significantly different among the groups at p{0.05. *FI; Food intake,
**FER; Food intake ratio, ND; normal diet group, HFD; High fat diet group, HFD+FO; Fragaria orientalis treated group (300 mg/kg).

2. Effects of FO on organ and adipose tissue

weights

Bt 65 B LAY Holek FOE JFe F <9 A5 100
g3 A7) ¥ A 27 BA 9 Hzte= 7 3¢9 Pt 7 EA=
HFD< (3.1940.24)914 NDZ (2.87%0.14)9] v|3] 9
814 2718191, HFD+FOZ-E 2.76+0.052 HFD| B3|
7t FAZF frelskA skt BE FollA A% 9 74Apn|
9] folgt ol gigith 18y HFD-2 A% A7 7
ke AFE BL, AW Aolg AHe #2 /A2

FAZF Aashe BEE B Fg AW (ND: 1.25+0.1,

HFD: 3.35+0.19 @ HFD+FO: 2.36+0.28), 2u} 2|4
(ND: 0.34+0.03, HFD: 1,12+0.14 9 HFD+FO: 0,75+
0.07), 29 A% (ND; 0.2+0.02, HFD; 0.42+0.05 %
HFD+FO; 0.29+0.01), &7t ZHKND; 0,47+0.05, HFD;
1.14+0.08 @ HFD+FO; 0.78+0.5), % WAT (ND;
2.65+0.16, HFD; 6.06+0.35 9 HFD+FO; 4,7+0.34)%
T% NDwoll ]3] HFDwolA 3-9]8tA 5718k 2% HFD
ol ¥ HFD+FOZ el A f-2latA A3ttt E3F BAT+
0.324+0.012 2E Fo] H|3} HFD+FOZNA {2514 7}
St tHTable 3).

Table 3. Effects of FO on organ and adipose tissue in diet—induced obese mice.

Organ weight (g/100g BW)

WAT weight (g/100g BW) BAT weight

Group

Liver Kidney Soleus

Epididymal Retroperitoneal Perirenal = Mesenteric Total

(2/100g BW)

ND i2.87+0.14™ 1,12+0.03" 1.1740.03" 1,25+0.1°

0.34+0.03* 0.2+0.02* 0.47£0,05" 2.65+0,16" :0,28+0.01*

HFD  3.19+0.24° 1.17+0.05° 1.1+0.02" 3.35+0.19° 1.12+0.14° 0.42+0.05° 1,14+0.08° 6.06+0.35° 0.28+0.02°

FO 2.76+0.05® 1,12+0.03* 1.12+0.03" 2.36+0.28" 0.75+0.07" 0.29+0.01%*° 0,78+0.05" 4.7+0.34* :0.32+0.01"

Data are mean+S.E. ®Means not sharing a common letter are significantly different among the groups at p<0.05. ND; normal diet
group, HFD; High fat diet group, HFD+FO; Fragaria orientalis treated group (300 mg/kg).
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3. Effects of FO on serum lipid profiles and

liver function test

B W 4 Zz20td 9 7t 7] 5ol et At &40 o
effioict €9 9 LDL-C &% 23, HFDw(186.33+0.67,
87.96+4,04)& ND (132.33+3.18, 65.13+1,51)°] B3}
L.9J51A Z718t9. 0.0 HFD+FOR (162.67+8.65 U 77.92+
2.44)% L F5HA A2AIH I LDL-CE HFDE H]
& |-95HA ZAaAHT HDL-C % $X%= NDZ (36,19+
1.29)0] B3} HFDZ(31.07+1.94)°0 4 {2JA4L A7 7

Table 4. Effects of FO on serum lipid profiles and liver function test

o

C57BL/6 Miceoll Al v]qk & QlAlo] v A= F3F

L Z2AE B9y, 183 HFD+FOF(47.71+2.3)&
HFDw(112.19+3.46 @ 59.88+4 55)9] &l 82514 &
7Feteh. B3 f9stA= AT HFD+FO(137.06 +
6.14 9 72,90£2.56)2 HFDwol| 3] #aste AFS 2
Sk, AAE AL 3t AST 9 ALT £4] 3& HagS o,
HFD#(2.52+0.1, 213.67+3.33 ¥ 47.00+1.35)2 NDZ
(2.08+0.09, 129.33+0.67 % 35.33+3.18)9] H|&f F9
31A Z7Fst9 L, HFD+FOZ(2.29+0.01, 138.00+7.00 &
40,8 +0,97)& HFDZ(Table 4)ol H]3}| -3-2|5}A] Z435+ich,

A9

Serum (mg/dl)

Liver (U/L)

Group

Blood glucose TG TC

HDL-C

Al

LDL-C AST ALT

ND (132.33+£3.18" 112,1943.46" 59.88+4.55"

36.19+1,29"

65.13+£1.51* 1 2.08+0.09* {129.33+0.67% 35.33%+3.18"

HFD :186.33+0.67° 152.10+7.37" 75.96+5.34"

31.97+1,94°

87.96+4.04° 1 2.52+0.10" 1213.67+3.33" 47.00+1.35

FO

162.67+8.65" 137,06+6.14° 72.90+2.56* 47.71+2.30

77.92+2.44" . 2,29+0.01* {138,00+7.00° 40.80+0.97°

Data are mean+S.E. ®Means not sharing a common letter are significantly different among the groups at p<0.05. ND; normal diet
group, HFD; High fat diet group, HFD+FO; Fragaria orientalis treated group (300 mg/kg), Al; Arteriosclerosis index.

4. Effects of FO on the histomorphology in

diet—induced obese mice

H|gke]] &gt Ak WA 9 A v ] P @
ZH& Fig. 1 a—bo] Uehgich, £33, AFA v R A=
At gt Aol FejEtA E4& Fig, 1co YA
HFD#-2 ND#ol| Hl3] =2 A 54 9 N4 dFE vet
Welen, HFD+FO®-2 HFDZ Hl3] & &4 @ #A
AFE A2 Fig. 1a). A2 9] FESHE o)A,
AA| 2 2] Z7]= NDwtof| H]3 HFD#o|lA =31 HFD+FO
oA HFD#o| v 22 Ao 2 JAE QI hFig, 1b). &
B9 A4S A5 sty AAE FEishy s A,
AREA] Be 2 Al 8o B2 UEhbR] gttt (Fig, 1o).

= o1

5. Effect of FO on lipid metabolism—related

hepatic protein expressions,

24 A} B QR p-AMPK, p—ACC, PPAR—¢, PPAR—7,
CPT-1 ¥ UCP-19| ©¥jd g gt FOo| axtg 2%
st7] Y8 H2" B £4L 354 (Fig. 2a—1),

p—AMPK, p—ACC, CPT-1 ¥ PPAR—y ¢z dd S
24359t I A3}, HFD+FOZ(1,15+0.06, 1,04+0,01 &
1.08+0.08)llA] HFDZ(0.85+0.04, 0.71+0.06 ¥ 0.26+
0.00)]| B3] p—AMPK, p—ACC % CPT-1 $=Z0] 89514
Z7Fsl9tH(Fig.26a, b ¥ e). T3, PPAR—y $£%&-& HFD+
FO(0.8£0.07)°llA] HFD(1.18+0,06)°] B3] #2J5tA|
FastEckFig. 2d). AF T4 4 2F A 2F0] Fofsh=

UAE F 53 A7 ASE 2WSHE U PPAR-a

(Peroxisome prolifer—activated receptor—e)2] Thij& vt
& SA3IY . HFDZ(0.91+0.07)2 ND#(1.02+0.01)
o Hlg) FYstA= FRo Fa FAE EFoen, FOT
(1.1540.04)-2 HFD<-(Fig, 2c)°ll Blsl 23t S7Hs 23Tt
ozl Awlel e 9% d= UCP-1 (Uncoupling
protein—1) T WdS Z43 A7, HFD(0.98+0.01)<
ND(1.39+0.01)°f v]3] F-23t A4S ¥H3, HFD+FO#
(1.52+0.02) HFD2ol| HIs] froJ3t S7F8 Y thFig. 2f).

@ (b)

; 3 -
Fig. 1. Effects of FO on the histpmorphology in diet—induced
obese mice (x200)

Data are mean = S.E. ND; normal diet group, HFD; High fat diet
group, HFD+FO; Fragaria orientalis treated group (300 mg/kg).
Liver; (a). Epididvmal fat; (b). Kidnev; (c).
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s AoE gy A estobA AAA orlistarsh A&
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FIAYE, 84 A, AdF 2 250 T2 o TS
_ﬁ_l:l

1 = Qe AR geA 9o erHstn anAel X

lo

EAs

rr
P

4ol &2aL

deol @

filo
Mo
i
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B A3rg L opdy| 2 BEl= FO (Fragaria orientalis)
E FE2EY W B5S in vitro®t in vivo A|2E A
7¥statt, AA, AR 52 o)A AFol|A AlEoA FOL 34t
4 &4, I 23 9 FO7F AZgAE JAST = RS
gelstgH”. wetA B AFo|HE FO B389 AWE3}
9 A AE AA B2 HT uheA mdojl A H7kskot
=, C57BL/6 uF$-290) 45% kcal®] X4 4o|& 65 B9
Foste] v 5E 2dE FE5%th. HFDE2 NDo|
Hs AFol 20.6% FSJ3HAl F7HH AL, HFD+FOZ2 HFD
ol v AFo] 9.3% FoSHA FasTh A o=
ok 2o AF F7H} B2 ¥ AW FHS F=RWAT,
FO Fojol| 93| Ad3d] F4dE AL FASHAT (Table 3).

or
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EgH FO Fo& Yt §% ope2ox S4] HFH et FERS
FJsHA aAF tH(Table 3). WA 2w 222 F9 24
AR Fa2 gA low, AE, thofst S2E, ofrZYlE]
5 ohoFst gl A e Bujste 7% 7 a QoY A
ZA A F7HE FAAT £A = A 2EH A FEE QIG
IANEE, AEH A3 9 deyy} e oE2 gAb 3
o] Uy whabd, WA A 2% Zhav) ulnke]
2% 9L dve AL ¥ $ Ak ZE 2A T E WAT)
o] A= NDZo & HFDZoIA 25t F713on,
H&E BX4& 3 ALAZ vdiE FlstAtkFig. 5). T3,

£ 29 BAl9t 23t Wish= HFDwO B8 HFD+
FOZAA Fo3tA 2SS gelatdch(Table 4).
fr2 2 oAH2stE FH FY2HE 2 EZAlE
£ 83 W Fa Ao, £ FF 19| EIZ AT
, HDL-C %4 ¥ LDL-C 37} B3 A88A 23 4 Y
S Aol ded APAE 9D oA AT fugich, oeEkA
A ZE2HE, EIZYAEE X 2 Al oz At
I3tol 4] Fag gaolth ™ @ Y FEFY, TG, TC
% HDL-CE 348t LDL-C % A8 A4 AIE AAlg
A3}, FO Fol= HFDZ vl3] 3539, LDL-C ¥ AIE
FostAl A F T (Table 4). E3F TG € TCx Ha FA]
£ 293 HDL-C f93tA S71sH4itt (Table 4).

SAALL FARAJA 7H2A 2 A A AL FAHA F
< 3y, @5 X F9] d=Ft A uite] Abskg xd-gitta &
HA Qloh, 2kz23 NS o] ER1g A3, HFD#2 ND
o] 8] AYAE7} F715F9 3, HFD+FOT-2 HFDZO]
H|a] AAZe] A4S B} (Fig.la), AST9 ALTE 7H
Al &) Ake)] 7H8 Wztet A& 2, o] 3H2kg-3} o] At
4 Al ASTE} ALTE= THIZE W/ B4EA Fag 93k
gieh, AEQ AlA 9 2] =M= EF ALTSF AST 4
R 7F - 2o zkxZ o] &AE|o] Alxdl FEabdo] F7t
St o] & aavt o djFoR Tt EH Y a49
o] AA FUKsEY. webd @3 ASTS ALTY S7Hs
ZHHZ &40 AES W 4 Ao wabq ASTS}
ALT &% ZA3}, HFD+FOZo| HFDZo| v|&) f-23HA d4
atlch olge Ak FO §o7 7 4% 4 gdeS
A ARG, Kim et al’”o] th2w, mxHH4] o] 2 Q1§ H]nt
o] AA 3} 7oA AANAE HAAA ALTEO R Qg B
& 7} o] ZHNE £4-S A AA 7| ALY, HE|#o] FE S A7t
xZgtEo] Q&S Bustylh £ AdoAE FOE 43 2t
B3 gatg B},

o|F 7+ 2 of|A] A A AL T Ty o] I £ES I
913t A3}, HFD+FOwo] HFD#o H]3] p—AMPK, p—ACC,
4 CPT-10] {olatA F7lstach. A W oA Ak =
AL AMPK7F 55391 9&& stH, AMPK= A 9 &
thate]l 23 AL ot LA Uk oyA| thate]
ol AETA A &, A S 72 #Fo] gloH
AMPKO| &A4o] H|ghE 23t Aty A3 &2 Sagt
g & AeE JYHolgrHY. AMPKY ¢ <lAtel
ACCE A4 g 9 Akl Todls HR2H-CoAE A
Jsh=dl AMPK] Ql4tst 842 A4S Ao Hoste
ACCE JAHSIAA B84} Al7|aL, 1 A& CPT19 &4

A=
=4
)
3
=2
!

3}
=

[

[e]
=

3t

C57BL/6 Miceo| Al vgF & Q1A}of| njx]= F&F

S7HAA AL Absks S7HAZIT o] FOZF A4
AAsh= A AlARETE, E3, PPAR- & HFDZ] H]3|
HFD+FOZo|A S-2l3HA ZAstatt (Fig.2a.b.d,e). 7oA,
TAstaA] 9 nEZE ot f-4kst B fAA HEAE 2
st F8 AAF Q1A PPAR-¢ 9] SA3H= A9 F4,
ol¢ 9 o]3}zg-e TP PPAR-ed WH £
Z74e A3, HFD+FOw2 Wd $=Fo| HFDwol| v #2
A S7HEESS 1T 4 th(Fig.2¢). ol8d Aits
FO7} A4t Absh chal g 2 -gro 24 vjihS HAAIZ 4
e AAFETE TS 22 gz 9] nEZEeof Yl
AEsNA SR A-1 (UCP-1)°] A3, S/dst=d ATP
a0 ZES A, 48 HAANA Y FHHS
HREtE Aog dA AYo?. T Rial et al™lof] a2
A, 2AG20] (45% kealZo) 2 H=H BT up-e-2 0] Thof A
UCP-19] ¥rdo] djzFof vls AHolA FstAl 57t
stict, o] AE ufg oz, 2 Ao 7t A9 UCP-19
Ud 28 SFskEd 1 Z3h UcPb-19] WE fEL2
HFDZe] H|3] HFD+FOZoIA 5234 F7st=
et it (Fig.2f). E3, 2Lz BEAE
A3}, HFD+FOZ oA 2 z2] o] £A7} F-29]51A
o, FOZF ATP §d 849 282 A5, 9
AA AN £4& Wafshs A o2 AL EHT (Table 3).

9ol nE Ais FTFANEH, 1P o]R F=d H|vk
o204 FO Rl A 2 23] 74 4, 85 A4 554
AR 5 FH|T G5l fog AaE Boh ®3, 7 23
ol AMPK @435 &3l PPAR—y Hdo| A=Y,
PPAR—¢9] 3715 &3l CPT-13 UCP-1°] 43ttt
A Abe] Absh= E281L, YL A5t FEH AHE B4
< HAaA7le Ao AZE, ogd AE FIl FOe

A hARE SZAIA vIRE vRe-2of| A A ARG A

o
=2
e
=2

2
T
zx

T
%!

=
=

o o ]

olN o ot

7
1—}\@

-

il

2A 71 Aoz AZH, mekA FOE H|The] X5} ofvk
S Y3t 7153 EXE E8E S 32 AoZ A
V.2 &
E A A& FO7F 4lo]of 28t vlgk C57BL/6 uh-$-29
X 4TS FEste] o33 T2 AE2S It
1. A=3} o] EL-L HFD 159 H|3] & HFD+FO 1%
BEAA Fo5HA ZastA Tt
2. 7t 9 A8k 237 BA= HFD+FOZo| A HFDZol H]3f
FolstA Tastga, 2 AW 23 FAE Fo5HA
Z7vstct.
3. 9 B4 A3}, TG, TC, LDL-C, AST, ALTY] ¥3%

FA = BF HFD+FOlA HFD<o|| B3] §-<J51A
Fa Be gashe 4¥s Eon, HDL-Ce #2

817 Z7shlet,



4. 70 9 WA A =29 Yejshy A A3k, HFD+FO
ol HFDZ) u3) A% Ao 2719 ZAo] g
sh= o] BaE g

5. 2o] ¢ gt FHo|A p—AMPK, p—ACC, PPAR-a,
CPT-1 % UCP-1 & A &tiAt && 2t ehf o) w2
747+ 993t 2718 B9 PPAR—y2 S5t 4

St

webA] FOR 4o] §5 g o920l H A A4 U 43
Bk B T TR FFL A vwe] oY ARE
43 7153 BAR 4D 4 9 AoE A

e 2

o] =E2 5&EXTH (PJ015272032021) 7 Sh=rA7+A S
(2021R1A2C201471711)¢] A YL who} £=35 AU},
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