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Objectives This study was performed to evaluate anti—obesity effects of Crataegus
pinnatifida (CP) on high-fat-diet induced obese mice.

Methods The experimental animals were divided into four groups: normal diet (NOR)
group, high fat diet (HFD) group, HFD+Xenical (XEN) group, and HFD+CP (CP) group.
NOR group was fed a normal diet and the other three groups were fed high fat diet
during the experiment. After the first two weeks of diet, XEN group and CP group were
administered with XEN or CP for seven weeks, respectively. After that, we measured
body weight, liver weight, fat weight, food intake, and serum concentrations of lipids
and liver enzymes. Also the liver, intestine, fat tissue was removed to estimate the
obesity-related MRNA expressions and the stool sample was collected to analyze the
gut microbiota.

Results We found that body weight, fat weight, and triglyceride level were decreased
significantly in CP group compared to HFD group. Also CP significantly suppressed
gene expressions associated with lipogenesis and inflammation, and increased gene
expressions of browning of white adipose tissue and mitochondrial biogenesis.
Moreover, it shifted the microbial diversity closer to that of NOR group and increased
Firmicutes/Bacteriodetes ratio.

Conclusions These results suggest that CP decrease body weight, fat weight and se-
rum triglyceride. Also it inhibit inflammation and adipogenesis, altering gut microbial
diversity and abundance. In conclusion, CP could be used as a therapeutic drug for
obesity via gut microbiota modulation. (J Korean Med Rehabil 2019;29(4):15-27)
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tfjgkulo] & F(Dachanbiolink, Eumseong, Korea)©l
A} 455 9] ¢k C57BL/6) mouse 3271]S FFHHtTh
Aol A 7|17 B ARAELE A 25025°0)9 =
(50~60%), 12417} light-dark cycle 3732 F-A3k3t) 2
A 15 T2 AR 2lolE FEEh e &
SAF old FEAF 4ed, H54 B AE
o} &AQ AT E H8 FauUthy & A2 E AL
193] 9] 5AS Lo H(SAHIE: TACUC-2018-005)
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2) otz

B Agof ARESE AHHCP)= A3 E(Entap Herb,
Yangju, Korea)ol|l Xl F=4F 2RAHE FUA3t] ARE3HA
o NS 2 2 AR 5 Eafiste] B AHAKS500 g)
£ 30%2] olehE 5 LE FE3 3, EFES 1Mk 5
F2-0] 20| A sonicateddtTh o]ojA] Aol 15%
B3 YA Bl 2d5H-S No.d paper filter (Whatman,
Maidstone, UK)< ©]-&3t] sttt 2HF=-2 30%
oEE(v/v) 40 mL& AHE3lo] FARE A2lE 23] 35t
Atk WA F==+5-25 rotatory evaporator (EYELA N-1200A;
EYELA, Tokyo, Japan)Z S AZAIX & 2R
(Bondiro; IlshinBioBase, Dongducheon, Korea)E A8}
T4 =3t -80°Co] BAZ F ARE ARSI

2.

0%

EH
[=]

A+ A (normal diet, NOR), ILA%2]o]H(high
fat diet, HFD), ZZA]%2]0] & Xenical 2 5-8¢F 7(Xenical,

XEN), LA 4o] 5 AAE E-83F T(CP) 22 - 470



Abo) A g 24 B e w3}

O % Z47) guig = M E AT NORT2 97 &4%F
’J2]o](Research Diets Inc., New Brunswick, NJ, USA)
FAISFRIL, NORT = Al 2’F U] 37) -2 Bt
< =571 {3l 9573 A2 0](60% high-fat diet;
Research Diets Inc.)2} 20% S T3 o]u
R F 53] At 24d A 25 & 1AW
2lo] i ¥Rt HE 374 2.2, S HFDE, XENT,
CPo & Zt ot} gupe] ] F29| & ettt 1
2]3l Xenical (10 mg/kg/day)™ 4AHAH400 mg/kg/day)E
SHol &3lAA 22 XENTH CPollAl 773t 73
T 53} tH(Table I).
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AFEEL 3|17 Aol 1847F FAIAZ T BA
sHom, Fodisty FEaEAsY A L Ay

Agol wel vHA= Zoletil (Tiletamine-zolazepam;
Virbac, Carros, France) % Rompun (xylazine-hydrochloride;
Bayer, Leverkusen, Germany)< AM83te] FU3 5%
(1 mkg)E 574 W= FARIATE 1 % 55 o™
o 2RE NS 4315} BD Vacutainer (BD, Franklin
Lakes, NJ, USA)ol| A7&stal Aol A 2A3F &< A
A3 T2 3,000 rpmollA] 158 B2 Y4 EEskTh
A EEg AS 1.5 mL FH| $7]131 -80°Col B
w3k & ARSI

Aol & ZFy s E(total cholesterol, TC), TAIA|

W(triglyceride, TG), glutamic oxaloacetic transaminase

Table I Grouping of Experiment Animals

(GOT), glutamic pyruvic transaminase (GPT) &&-2 &
4 kit (ASAN Pharmaceutical, Co., Seoul, Korea)Z &

4.

4) 2t ZE|0| M FERFL

rd
I

3

AWF 22, 7F 23, A 2218 AlA 9} 225 o] phos-
phate buffer salineol| A W2A M|H3tH 3, FAE =4
gk F SA] -80°Col A4 Quantitative real time-transcription
polymerase chain reaction (QRT-PCR) 2tdoll A-8-& uj
7HA] B3 F RNAE Trizol S ©]-83he] 11, WAl
A, Ao zRE FE3AHE cDNATE AccuPower RT
PreMix (Bioneer, Daejeon, Korea)S AR8-3t] 1 ugo = 3
A=} qRTPCR-S SYBR Green master mix (TOYOBO,
Osaka, Japan)E AR&ste] 38k, 4] FAAke] 4
< Glyceraldehyde-3-phosphate dehydrogenase = 773}
3T

VS|
21

b) YU OIEE X AlEA

=<

HI

(1) EU D= M

H O 2 HE] Genomic DNAE restriction fragment
length polymorphismel] thgk 71E A zALe] | H ol wet
QIAamp stool DNA mini kit (QIAGEN, Hilden, Germany)
E 283l EE=3ich 16s rRNA 212 AlE 2] VI-V3
d 2] PCRE barcode primer®l] 2§+ C1000 Touch ther-
mal cycler (Bio-Rad, Hercules, CA, USA)E AR83lo] <=
PatAutt. I ¥ PCR A4 =S LaboPass PCR purifica-
tion kit (COSMO GENTECH, Seoul, Korea)E AR5}
Ak

Zr AAES YU FEF T O3 Ampure bead kit
(Agencourt Bioscience, Bevely, MA, USA)E AR&35}e] A
A|S}aL PicoGreen dsDNA assay kit (Invitrogen, Carlsbad,
CA, USA)E AR&-ate] AeFstsiitt. &% amplicons

Group Number Diet Intervention
NOR 8 Normal diet .

HFD 8 60% high-fat diet +20% fructose water .

XEN 8 60% high-fat diet +20% fructose water XEN (10 mg/kg/day)
CP 8 60% high-fat diet +20% fructose water CP (400 mg/kg/day)

NOR: normal diet, HFD: high fat diet, XEN: Xenical, CP: Crataegus pinnatifida.
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< emulsion PCRO oJ&fl AlEZ] Bl=o|A FZAI AT
1% Y3 Roche/454 GS Junior system (454 Life Sciences,
Branford, CT, USA)= AR&3t AlEAS 3319tk o
Al A2 HlolElE 7 &7} PRIEB19873%] European
Nucleotide Archiveoll ] €<Q1& & gtk

(2) N~ 22X

= FE JEPE T FE Ja<20 v 3= 4o]
<300 bp) ¥, Quantitative Insights into Microbial Ecology
(QIIME) 1.9.0= AR&st AMdES Agsidth 18
QIIME software package'”E AF83}9] open reference
OUT picking method (97% A&~ FAHE) S AH&-sto
operational taxonomic unitE ¢ 2=H¥ 3ATh A
&S] MA 724 W3}= UniFrac-based principal
coordinateds analysis (PCoA)°ll 93 EX4F Qo o]
+ ZF OFdA PlAE 249 M 73S UERTh
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Turkey Multiple Comparison test® AF-75-S AA|3
p-value7} 0.05 ©]&}Ql 73-¢-o] o Xt FAIZ ] 9] o]

A= Aoz At

75.31]-»»»
1. diE, Alo|yFZ

2]0] 443 FRS NORT 2.2240.33 g/day, HFD" 1.93+0.45
g/day, XENZ 1.54+0.23 g/day, CP* 1.70+0.27 g/day &
2, HFDT ol H]3 XENTZ CPTolA F2JskAl A3
ZFo] Hastth BE wellA] AF A 73t Bt AF
o] F7VstA=Hl, ASF7HFS XENTH CP°] HFD
o vlE) FoskA A AThFig. 1).

2. 2 BX 9 U X £ 2

WA AT FA D F A A= HFD

0.0

—_—
T
~—

Total fat (g)
Y

HiHt
-
x i
NOR HFD XEN cp

NOR

Fig. 1. Effect of CP on body weight, liver weight and fat weight in HFD induced mouse model after treatment for 9 weeks.
(A) body weight, (B) increased body weight, (C) liver weight, (D) intestinal fat weight, (E) kidney fat weight and (F) total
fat weight. Data shown in meantstandard deviation and evaluated using one-way analysis of variance (#p<0.05, ##p<0.01,
###p<0.001 compared to the Normal group; *p<0.05, **p<0.01, ***p<0.001 compared to the HFD group). NOR: normal diet,
HFD: high fat diet, XEN: Xenical, CP: Crataegus pinnatifida.
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s AT TC 54 A7, HFDT°] NORT°]l
Hl&) fosiAl =4 Uehgom, 1 9] 7 7t #-2)3%
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2) 8™ W 2t 7s
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A B S B718FATE Peroxisome
proliferator-activated receptor gamma (PPAR-y)%} lip-
oprotein lipase (LPL) %A= HFD# H]adte] XEN
T3 CPollA FrelshAl o] A H T B fatty
acid synthase (FAS) 37+ dS 43 23, HFD
ol Hl&l XENT ¥ CPoll A ZHAshs AFs B
U =0 F942 fIithFig. 3).
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Quby 8l vEZCeol AR BuT fAA L
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tein 1 (UCP1), nuclear respiratory factor 1 (NRF1), mi-
tochondrial transcription factor A (Tfam)2] 7212} W&
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o]
0 104
0 T T
NOR HFD XEN CP

Fig. 2. Effect of CP treatment on lipid metabolism in HFD induced mouse model after treatment for 9 weeks. The concentration
of serum (A) total cholesterol, (B) triglyceride, (C) GPT and (D) GOT levels were determined using commercial enzymatic
assay kits. Data shown in meantstandard deviation and evaluated using one-way analysis of variance (#p<0.05, ##p<0.01,
###p<0.001 compared to the Normal group; *p<0.05, **p<0.01, ***p<0.001 compared to the HFD group). NOR: normal diet,
HFD: high fat diet, XEN: Xenical, CP: Crataegus pinnatifida, GPT: glutamic pyruvic transaminase, GOT: glutamic oxaloacetate

transaminase.
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#S =439t HFDTH WagS W XENT
ol A BE UCP1 A+ rdo] folsA Z7)s)
‘Ht‘r NRF1 @4 =3 HFDo)| Hla] XENTT CP
oA 2T S7FEN oW, o CPl MRt FoldS 1
ERATE WA Tfam F37F Z8E 7 3holl {213 2fol
+ $I3ATHFig. 4).
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(A)

1.54 x
1.04 ——

0.54

Relative mRNA level
*

0.0

Relative mRNA level

(C)

1.5+

1.0+

Relative mRNA level

0.0

T
NOR HFD XEN cP

Fig. 3. Effect of CP treatment on gene expression of lipid
metabolism in HFD induced mouse model after treatment for
9 weeks. The mRNA gene expression of liver was determined
by RT-PCR. The relative gene expression of (A) PPAR-y, (B)
LPL, and (C) FAS were measured in liver. Data shown in
meantstandard deviation and evaluated using one-way analysis
of variance (#p<0.05, ##p<0.01, ###p<0.001 compared to the
Normal group; *p<0.05, **p<0.01, ***p<0.001 compared to
the HFD group). NOR: normal diet, HFD: high fat diet, XEN:
Xenical, CP: Crataegus pinnatifida, RT-PCR: real-time reverse
transcription polymerase chain reaction, PPAR-y: Peroxisome
proliferator-activated receptor gamma, LPL: lipoprotein lipase,
FAS: fatty acid synthase.
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tein-1(MCP-1), interleukin-1beta (IL-1p), tumor necrosis
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Fg. 4. Effect of CP treatment on gene expression of thermogenic
and mitochondrial biogenesis markers in HFD induced mouse
model after treatment for 9 weeks. The mRNA gene expression
of adipose tissue was determined by RT-PCR. The relative
gene expression of (A) UCP1, (B) NRF1, and (C) Tfam were
measured in adipose tissue. Data shown in meantstandard
deviation and evaluated using one-way analysis of variance (#
p<0.05, ##p<0.01, ###p<0.001 compared to the Normal group;
*p<0.05, **p<0.01, *** p<0.001 compared to the HFD group).
NOR: normal diet, HFD: high fat diet, XEN: Xenical, CP:
Crataegus pinnatifida, RT-PCR: real-time reverse transcription
polymerase chain reaction, UCP1: uncoupling protein 1, NRF1:
nuclear respiratory factor 1, Tfam: mitochondrial transcription
factor A.
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HFD3} B 2281-S W] XENT3} CPoll A IL-1B, TNF-
al] Lol FostAl AAHAUS ©, MCP-1 3=}
e 02 CProllAT fFoskAl A=Atk W
m ool e} FhME I B SAA FHS =AY
), IL-6 (Interleukin 6)2] o] XENT# CPo]
HFDol| Hlal ZHAshes Ads Bou fode ¢l

ATHFig. 5).

5. U D= =4
1) Dlg= oy

v Eo] HE} ThFAd-2 unweighted 2 PCoA°l 2]3
H7F= AT} PCoA 4] A3, HFDw¥ NORw-2 H]AY
9] tFde] FElo] EE ok =3 XENT I CP
- NORT# HFDT# % W8] 725U oH, CP+*
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(Fig. 6).
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. ¢ NOR
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p et ©
$°-1 . o 4 XEN
© Voo v CP
- | | v v °
(3] | |
[T nE A
0.1- .
L
'02 T T T T 1

0.2 -0.1 0.0 0.1 0.2 0.3
F1(4.89%)

Fg. 6. Effect of CP treatment on gut microbial diversity in HFD
induced mouse model after treatment for 9 weeks. Principal
coordinates analysis plot of distance between samples matrix
from fecal RFLP. PCA score scatter plot of T-RFLP data
calculated from operational taxonomic unit levels by QIIME
subjected to unweighted UniFrac analysis. NOR: normal diet,
HFD: high fat diet, XEN: Xenical, CP: Crataegus pinnatifida,
RFLP: restriction fragment length polymorphism, PCA: principal
component analysis, T-RFLP: terminal restriction fragment length
polymorphism, QIIME: quantitative insights into microbial
ecology.
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Fig. 5. Effect of CP treatment on gene expression of inflammation markers in HFD induced mouse model after treatment for
9 weeks. The mRNA gene expression of intestine was determined by RT-PCR. The relative gene expression of (A) MCP-1,
(B) IL-1B and (C) TNF-a for inflammation were measured in intestine. The relative gene expression of (D) IL-6 was measured
in liver. Data shown in meantstandard deviation and evaluated using one-way analysis of variance (#p<0.05, ##p<0.01, ###p<0.001
compared to the Normal group; *p<0.05, **p<0.01, ***p<0.001 compared to the HFD group). NOR: normal diet, HFD: high
fat diet, XEN: Xenical, CP: Crataegus pinnatifida, RT-PCR: real-time reverse transcription polymerase chain reaction, MCP-1:
monocyte chemoattractant protein-1, IL-1p: Interleukin-1beta, TNF-a: tumor necrosis factor-alpha, IL-6: Interleukin 6.
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Bacteriodetes (F/B) Hl€-°] HFDT*3} Y|/ g)-S ] XENT

I CPTolA gt As & & =t 22 XENTOlA
M vAES] Azl BEE E(phylum) <FollA] T frejdo] AT E(genus) TolAE 2] Bacteriodes

A% A AT BT rES] thE-Eo] Firmicutes <} 7} HFD<ol| Blal XENw"3 CPellA] o] 8kA] 571813

BacteriodetesZ T3¥ 7S &3t} oW Firmicutes om, 1 9] 7+ Zhell FelskA Ae)7) U= vAES §lIS]

H]-&-& HFDoll Bl XENT3} CPollA] 250 7+ h(Fig. 7).

48153 2}, Bacteriodetes H1S-2 XEN3 CPoll A -
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2)HE DlYE 22

(A) (B)
1.04 . 34
@B Bacteroidetes
B8 Firmicutes
@ Others
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2 0.4 T 044
2 2
5 &
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Fig. 7. Inter-group variation in the relative abundances of gut microbial communities in HFD induced mouse model after treatment
for 9 weeks. (A) Relative abundance in phylum level, (B) Firmucutes and Bacteriodetes ratio, (C) Relative abundance in Firmicutes
phylum, (D) Relative abundance in Bacteriodetes phylum, (E) Relative abundance in genus level. NOR: normal diet, HFD: high
fat diet, XEN: Xenical, CP: Crataegus pinnatifida.
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of thet A7+ IAES, G, FWEsS, WY 22
AL SRS XS WelA go] =AY, A2
a7t FEE FHA S R & P92 At

3 QlEdo] Z7kekarh, uA oS 3 U AEE At
AF B8 & tizrel] Blal frefsiAl Algat AA|l =7} 2
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27% S7VFATRY. 18]l AR A A
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3 &avE JeEpT.

T rES Y Y P 2
Ho] ARt 1000 o) Be %W% E3Fs}7]
oY, 1A 75| F8 AR Fo40) AH o A
AL Yok o] Aol A g4 Zﬂ“é—?_] At =
HIRRE AFES] ) v E WS BEEE, v
Eo] Tl Zhastal FB7E /TR, Bk HITRRI
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B B, nkE ARk

(=T rE

:

(<3
<

2 Faecalibacterium, Bifidobacterium,
Lactobacillus, Butyrivibrio, Akkermansia 5] &5},
= HAES Aol et ol|A] tiAt DEbA Al
Aol a3k J4T-& Fst7] Wil probiotics, pre-

biotics E=+= Fecal microbiota transplantations ©]-8&3}o]

2 AL A3e AekE A7) Rl ok
‘S}Zl”& AbALe] iRt 2hg-3) ) w = ke] BEA
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HIRES F538k FollAl AARE 753t Fofsto o]
A% A, Q‘OWHEk g3 A4 9 tas g,
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FAHETOE AHE-]E Xenical2 orli-
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HEF NORwol| Hls v A4 o] & ' HFD
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2813, o8 F8l A AlFe A4EE # oy
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AT 7Aool A5S FAs3Th 2oldH F = HFD
T3 B RS o XENTF CPoll A f2J8iA| 748t
A3 3t 22 BACAE 2 2ol f2)F 2o} glo]
(Fig. 1), FF 21804 714 2 2k 22 ol ADGF
ol tE F7HHQ A7t BeY o wrk
TR E A Qe o7} Bolxw ol 2
d2EE G0l Aol TC, TG7H 5sher, &
3 TGE 9159} ol Z25o] Hgke] elo] v
Yo} 2, A% 5 #71e] 715 ASHETEY. HED
RS v TCE CPTolA Fol & ztol= ilon
TG7k CPEoIA Frol5hAl A3hEI% u}. 2 AApL et
HHEE AAGALE AT A & 4 AUTh GPT,
GOT= A BAHE B4% *f'?‘# A|3zolm Ik
°ﬂ Aol HhetA FA == 9 P, GPT, GOT
F CPoll Al NORwell HIg) dsdhe odo] Vebst
]‘?} o482 fIATHFig. 2).
AL AT S7IME AEE sk A
AZ= E3fohs Ao R FHS AARIA RS B33
B3RS I AR FRT 2r|2=EddA

& PPARy %} cytosine-cytosine-adenosine-adenosine-thymidine/
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