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Comparison of the Cholesterol-lowering Effects between Loquat Leaf
and Fruit Extract in Rats Fed a High-cholesterol Diet

Sea Jung Kim - Sihoon Park - Jae—Joon Lee'
Dept. of Food and Nutrition, Chosun University, Gwangju, Korea

ABSTRACT

This study compared the cholesterol lowering effects of loquat leaf and the fruit ethanol extracts
on rats fed a high—cholesterol diet. Male Sprague-Dawley rats were divided into 4 groups:
normal diet group (ND), high—cholesterol diet group (HCD), high—cholesterol diet and loquat
leaf with 400 mg/kg treated group (HCD-LLE), and high—cholesterol diet and loquat fruit with
400 mg/kg treated group (HCD-LFE). No significant differences were found in body weight
gain, food intake, adipose tissue weight, serum LDH activities, triglyceride (TG), and hepatic
and fecal total lipid contents in both the normal (ND) and high—cholesterol diet fed groups
(HCD, HCD-LLE, HCD-LFE). The serum ALT, AST and ALP activities, total cholesterol (TC),
LDL—cholesterol, atherogenic index, cardiac risk factor, and hepatic TC contents were significantly
lower in the HCD-LLE and HCD-LFE groups, whereas the HCD-LLE group showed a significantly
higher serum HLD-cholesterol, and fecal TC and total bile acid content than the HCD and
HCD-LLE groups. The cholesterol-lowering effects were greater in the HCD-LLE group than
in the HCD-LFE group. These results suggest that loquat ethanol extracts may improve the
serum and hepatic lipid profiles, and enhance the fecal excretion of lipids in mice fed a
high—cholesterol diet.
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AT 498 Bim 71345, 584 2
s, mael AEel B2 SRR G
d B JFET ] 2 Ho] AXHR|ELDT, T
035k3, oA, v, 0 L A 5
AL A3ke] o)3kgo] F=3laL Yuth(lee et al

2008). SHI=HES Aol dFor Mz AF
et gl g3 A da 43/4dE (konen
2008)01 A5t Hleo] 555 Walsta &

318 EERE 89 Fo Fg2HE
oA T il Akl
Fol} A7 o) A 28
%, 8t o] A Aol
THElulu et al, 2016), A3
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‘/}E]"H* s he 2Es '
TE=0| XLBEELTJ. 2lck(Peng et al, 2015)
W EsEe] SHzEER SR
t W2 oFEEo] EEL A
F2Rgo] yehdrles Zlo] ¥
MCKenney 2001), Aot F=g-o] gl
o]-g3ste] dH W AHhALE 7HA
OL:rL7P o] &= JriJung et al, 2014;
Park et al. 2014).

B3} Eriobotrya japonica Lindl, )= #wv|dhol| &
e 4% B 2WEOR ol 10 mol Bk,
& ojFar el ] mefoln, mHel "ol ¢l
a1 geo] drt, S, dEolA Au=H, -2t
oM A} o] 235k 7] FellA A=
Aek. vzt Qe o= RE A, &, A, 191,
o, 71AAY, A4, BHAE, 794 T &
sol Ak delA gekAE gol AR HAtH(Lee
1982; Yook 1989). Hl#} glell= ditsl, 9%, &
T, FEAHC] B A B50] U sequiterpene
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B A (ferulic acid, nerolidol B %), triterpene

Alde] 3gHE(oleanolic acid, ursolic acid, maslinic
acid, hyptadienic acid, tormentic acid)®] g% o]
ot ded#] UthH(Shimizu et al, 1996; Jung et
al, 1999; Tto et al. 2000, 2002; Taniguchi et al.
2002; Goulas et al, 2014; Mokdad-Bzeouich et al,
2015; Tan et al. 2015), H]g} Hujj= 3]0 W
sjed 3200l Qlhol 251, chake okl &
2 Y& A&7 carotenoid MAE vheF st
CHlLee et al. 2015). F33] A€ 52 52
b 2 f7Ike ekl jlof v R
o Hls L7} L dute] Aal 715 4de] Hof
W AFelgka delA ITHCho et al. 1991).
Hlgk Qlo] #gh Aejgd d7Ee distadt
(Jung et al, 1999), =& (Chen et al, 2008),
2k &% o EA(Lee et al, 2017), FAF 2 Pt
F 3 Ito et al, 2000, 2002; Banno et al, 2005), A
AhA} 7B EIHKim et al. 20115 Lee et al. 2017)
S oFEE A7 G EAARE, 2ol wlE) w9t o
S AR g 2 24 gk 4587 Bal(lee et
al. 2015)=0] Ql& W, Aejdda #dE v+
Hlgh Sl ulal njn|gk AAolrt, mEgk Bla}k 9o
g Aedd 7= AR i viro A77F AR
Q1o (Whang et al, 1996; Lee et al. 2016), in
vivo 7§55k Helot,
upebs] B A7 Hlat ola duflof Aejgdd &
5 Hlal Hssl] Sl Blvt o 52 A FE=
o] AZYXHE HolE HoAh dF o AHhAL
WA BT el PR S A EIA; HAEHIH

oft ¥

1. HEl=

B oAt AL8-H 83N Erbotrya japonica Lindl,)
U3} el el Bl AuE g 7
SFQAct. Hsk 3 (ARt A7)
Srg s ARl F FE7Ax7/(MDF-U52V, Sanyo,
Osaka, Japan)ollA] -70CE HAZ3le] E4AHS

A, A o
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2. O kg9 HEtE F&
FAAx A7 v|g 9 4
g 80% olleh-& 1,500 mL&

w22 7k 100
A7kste] 78zt
S R33% 65C Heating mentle(Mtops ms-265,
Seoul, Korea)ol|A 3A1H F 33]0] AA] FZ3
F Whatman filter paper(No.2, GE Healthcare,
Buckinghamshire, UK)2 33} ¢az, oJH-& rotary
vacuum evaporator(EYELA VACUUM NVC-1100,
Tokyo, Japan)S ©]-83}o] 40C F8& oA &
AAG F Sk - F5s8ko] vlgh lat “UHQ] -
FEE Tt v ol A 250 e
747} 14.20%9} 17.10% . o]F A=9] 1lstE
WAsk7] flsf -70c oA s Baskslot
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3. deis=22 Alg ! Al0|=Y

AFFTELS THAHTE(F) N Sprague Dawley
A 5% §4 84 s20kelE FRlske] AL
HYEEAEN TANTARR 15 2 2
71 3 Hit A= 150 g8l AL FI W (randomized
block design)oll oJall 2t 22| 3 snpe]¥ 4o
2w F ZEIRlEE AlolA] AT 17k 7
te] & 457 ARREaY. AETe Table 13 2

Table 1. Experimental design

Groups Diet composition
NDV Normal diet
HCD? High cholesterol diet
. -
HCD-LEL High cholesterol diet + Loquat leaf

extract”

High cholesterol diet + Loquat fruit

HCD-LFH Y
extract

D2Modified AIN-93 diet composition(Reeves et al.
1993).
YHCD-LLE: High cholesterol diet + Loquat leaf
ethanol extract 400 mg/kg of b.w./day.
YHCD-LFE: High cholesterol diet + Loquat fruit
ethanol extract 400 mg/kg of b.w./day.

o] Ag2lol(ND), ALZ#H=E| &2 o] (HCD), 1L
ZHUZ=HE Holeh Hgt o dEkE FE=E 400
mg/kg/day FF(HCD-LLE) ¥ 1Z Y 2E|E 2
o]¢} Hlg} Guff oehE FEE 400 mg/kg/day Fo
(HCD-LFE) 0.2 o] ZAJakeiet. Addol ARg-
H 2Jol= AIN-93 AA|2]o]E 7]F(Reeves et al.
1993) 2 & Table 29} Zro] Wsle] zAetg). 1L
F|2H|E2]ol= Aol FEl2HIE 1%¢} choline
bitartrate 02062 713 I7bE Fof A ZF3)9ct
& FEE 5o 47 A

< kg "in‘%%ol 400 mg &5 H=E Ae2d5

F71(08:00-20:00), AR5 ] &%= 18 £ 2CE
Aetct. AsH APRAFHFS ¢
a7 Azke] Z4atgit), B FEAYe =
St FEAERESIA3 Y el ¥ I el
w2} 283} GTHCIACU2018-50030).
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Table 2. Composition of the experimental diet

(g/kg diet)
Diet composition ~ Normal diet nghi;}il:eswml
Casein 200 200
L—-Methionine 3 3
Corn starch 500 490
Sucrose 100 100
Cellulose 50 50
Lard 100 100
Mineral mix" 35 35
Vitamin mix? 10 10
Choline
bitartrate 2 2
Cholesterol - 10

LYAIN-93-MX mineral mixture and AIN-93-VX
vitamin mixture(Reeves et al. 1993).
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HUBEE AT B2 F 24 LA
9 o2 AE A7 TS BT Austel g
Azishsick. AT Bohe 8 AL Y L Bk
e 24T 0 AR B 90 1150 xg
ol 2087 AaEe MK F e
AATE] IF 22 g ARAE AE8] 0.9%
Al ez zho] dof gl 7jgt FAEES A7
g H AR RS Folla SRS S H =
254 AIZ] F deep freezerolld -70CE A3}
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3 = alanine aminotransferase(ALT), asparate
aminotransferase(AST), alkaline phosphatase(ALP),
lactate dehydrogenase(LDH) &d-2 &N Y3}
A AFEE217](Fuji Dri-Chem 3500, Fujifilm, Tokyo,
Japan)& A&

(Fuji Dri-Chem 3500, Fujifilm, Tokyo, Japan)E A}
S35, PIA e FAE Friedwaldd] (5327
2ZHE - (HDL-ZE=H1E - S4A/5) el thdst
o] LDL-ZY~HE de-s 73t grHFriedwald et
al. 1972). AE8A dgho] 9= W) Aue
o] &&= FMH3}R)S(atherogenic index, AD
(FZFY2HE - HDL-Z82HS)/ HDL-Z¥| 2|
219 A€ olg3to] AIRlon, ARBIFAS
(cardiac risk factor, CRF)= {£Z¥|2H E/HDL-Z
d2HEle] He olgshel TahairkRosenfeld
1989).

o
2 F F AL FHAY L F BdoeE
&

A4S #I8ke] WA Folch et al.(1957)¢] ¥

ARl & ale] AAEFE Fste] WA F AE
T S%L, B2 qdoR F FY=HEE F
AR g 28kt & ZdUzEE e
Zlatkis & Zak(1969)2] ®Hol| oJsle] Z43}90
o, SR g2 Biggs et al.(1975)2] WHo =

=7gshant.

Aok, EHe] F A H(Folch et al. 1957), & Fell=
Bl & (Zlatkis & Zak 1969) 3 A% $Hk(Biggs
[¢)

et al. 19752 3 223} 22 Pylor 2433

" FZ 200 pLell 70% sulphuric acid 200 #L-&
H7Vske] 287 HEAIZI F 25%  furfural
solution(in 30% ethanol)& @] 587t & o} 23
F=7|(VERSAmax  microplate reader, Molecular
Devices, Sunnyvale, CA, USA)Z ©]-83] 510 nmol|
A FREE ST BEEEe 01 M
phosphate  buffer(pH 6.9)¢]] 83|A]Z] sodium
taurodeoxycholate hydrateZ AR2-3}Ac},

9. SAXzE

B A¥o] Ayl SPSS(Statistical Package for
Social Science)E o]&ste] A AT HH
TF B+ FFoAE AR, AT 1t 3

7o zoli= LPujx] EA2HEA (one-way analysis
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of variance)S At F29X4S

p(0.05 ol Tukey's testE ©

(Post-Hoc test)& AT},

400 mg/kg/day& 453t BT FoAF HF e A

85 A

S7HE, AeldAT B Aeojags vepd Z¥
Table 337 2t} AFS7HE, 2oldF7 2 2ola
& ZF AR bl Apolrt it nFEzEH =
A

2lo]H(HCD) o] Fd2lolit(ND) ol H|3te] AlFS

N

p
R

Fol B w2 Aol ot ok giSieh ol

o} frAFSHA Kim et al, (2011)2 H]3} Q) olehg 5

400 mg/kg/dayS 457F

o AF P 1 24 % AP

Lo

A= Table 49} 2}, 7+ 27)9] A= 420l
T(ND)el| Hlsf aF e 2HE Aol (HCD)o] AT

Rty

279) FA} frelhA Fbeksiet. of At

Table 3. Effects of loquat leaf or fruit ethanol extract on the body weight gain, food intake, and food
efficiency ratio (FER) in rats fed a high—cholesterol diet

Group” Initial body wt. Final body wt. Gained body wt. Food intake FER
(g (& (g/day) (g/day)
ND 152.63 £ 10.332™9  290.43 + 11.41°° 492 + 0.36™ 2331 + 247 0.21 + 0.02
HCD 15129 + 9.24 300.52 + 10.97 5.32 £ 0.52 21.33 £ 3.29 0.24 + 0.04
HCD-LLE 150.97 + 11.27 29432 + 11.82 5.06 + 7.78 2298 + 1.49 0.22 + 0.02
HCD-LFE 152.46 + 12.31 298.43 + 8.57 5.27 £ 0.53 2242 + 279 0.24 + 0.03

USee the legend of Table 1.

YValues are the mean + S. E. of 8 rats per each group.

INS: not significantly different among the groups.

Table 4. Effects of loquat leaf or fruit ethanol extract on the liver and adipose tissue weights in rats
fed a high—cholesterol diet

(g/100 g body wt.)

GroupV Liver Mesenteric adipose tissue Epididymal adipose tissue
ND 292 + 0.127% 333 £ 0.16™ 4.82 + 0.20"
HCD 3.51 £ 0.05° 3.86 = 0.19 521 = 0.22
HCD-LLE 2.97 + 0.36° 3.56 = 0.23 496 = 0.10
HCD-LFE 3.26 £ 0.13° 3.67 £ 0.25 499 + 0.19

USee the legend of Table 1.

YValues are the mean + S. E. of 8 rats per each group.

Values with different superscripts in the same column are significantly different (p<0.05) among groups according

to a Tukey’s test.

#NS: not significantly different among the groups.
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SYUHES A7 A Aole W
}oJ]/\i ZHUZEEH Sl A HaL,

ZAE A7tk B (Wursch 1979;
Jayasooriya et al. 2000)%} -Fx=9] FHHES
B3 Fefshd 3F Hldigo] ekt B
(Turley et al. 1999)9}= FARSE 73S YeRS
t}. H]9} 55 FoF(HCD-LFE, HCD-LLE)2 1L
ZH = &2 o] HCD) ol Hlate] 3 22| FH
7} Fadhe AgFo|loy, vk 9 FEES T
g+ HCD-LLET Rbo] fofsiA| Aet= et ket
AdzA7 FagAgz2 o] FAE AT 7hol
ztol7h gldlovt, AlFss7hd niZ AR anEy
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27 Kim et al.(2011)2 AAG-LZH=HE2] 0]
2 FofstaA sk 9 2HES Toltge

e Apgze) 2o} frolahl Astegiekan B
a3t W AT Ashe st 9 Folg
Fezdg2ole] HH 2stel Z7h
ELD %— 1 olAlste] TAY Dbl
sle Aoz AREL, Hepg i
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ol ==n o

TEE=
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= ALT, AST, ALP &
SERPERIERIE

| LDH &4

Ze o) ojgg F

R

o
N Z o & lo

22 400 mg/kg/dayS 457+ AT Tl
54 2 ALT, AST, ALP @ LDH 848 =43
i Table 59} 2tk €3 F ALT, AST 3! ALP &
D2 EAOEHCD)O] Aol ZND)o
sto] frefahA F7taksit. L*e—ﬂﬂ*ﬂli*bl
7he 3 2 ALT, ASTY ALP EA42 H|a} o 3
u Fol2 AstE it ¥4 &
13 bl froxbt fiieh. 3t 715 A3
Z ALT 2 ASTS 3+ 237]o] <=5 o]
27 S0 v fEE] ST} Foll
2 LA Jom(Plaa & Charbonneau 1994), 874
ALP ¥ LDHE 3+ A3k Alof] &4o] F7hel= a4
2 el ArHKi et al. 1993; Lim et al. 1997). 53]
HHZF, A4NFT 22 13
o5l 7N E 2] Aoy} 1E2 S EH AST, ALT
2 ALP Zodo] Aol ol FhellA] EFAte] 2
Hd 2] okol 84 Fe|2EE TR ATkl
HEo] QItLim et al, 1997). £ A Adlo|A =
aEFYzHE2 ol F77E Fo= skl FH e
FH S ALT, AST 9 ALP 20 frofsh] 7183l
datoltt, aFE2HE2 o] Hol= vﬂﬂ
YA F ALT, AST 4 ALP EdL v|g}
Al 355 T2 sk
Kol nju} FEEo| 7k &4
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Table 5. Effects of loquat leaf or fruit ethanol extract on serum enzyme profiles related to hepatic
function in rats fed a high—cholesterol diet

(U/L)
Group” ALT AST ALP LDH
ND 2931 + 2.362% 119.17 + 10.36° 300.32 + 13.02° 483.33 £ 18.60™%
HCD 4920 + 3.83° 167.92 + 10.69* 45991 * 16.27° 553.18 * 22.35
HCD-LLE 30.37 + 2.46° 12297 + 833 32537 + 11.78° 488.71 + 14.34
HCD-LFE 31.88 + 5.20° 12923 = 9.31° 44362 * 14.10° 492.49 * 15.02

USee the legend of Table 1.
2Values are the mean +

S. E. of 8 rats per each group.

MWalues with different superscript in the same column are significantly different (p<0.05) among the groups

according to a Tukey’s test.
“NS: not significantly different among groups.
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LDL-Z8|=HE 3, 4 9 Add ¢
HAA5E 2As AH}= Table 63 2t dH 2
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FRAA e FE2HE A ol (HCD) o] A%
2ol Z(ND)ol| vlate] frefsiAl S7kstelaL, a2
2B E2]o]F(HCD, HCD-LLE, HCD-LFE) Zloll&=
oAt gisict. @4 F ¥ Fd2=EHE% LDL-F
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B
1979). sWAQspA e} A ni=a]
éﬂl%@wlﬁ(HCD)OI 32 H| g}
Gol5A Z71sroH, i%ﬂ]iﬂl%*‘OliL(HCD)
o Hlgte] Hl9} ¢l 52 Gvf] FE= Fo= froldt
Al AsFERIL}). & polyphenol¥} % flavonoide &
Y2H 2 ks Ertu delA 9gor(Lee et al,
1988; Wang et al, 2012), o]& A& EHEL
frAle] Apstslg o] Adke-& A7 radical
LDL-ZY|2=H| & 2ts}ol| 25t &
733}, A o, =3} oA 5o At =
Aoz AdEA JrkRice et al. 1996; Manach et al,
1998). & <d7-oll ARS-E H]u} ¢l Bl A
B A7z A ATl BEil(Lee et al. 2016)
d 2AS AH8319Ed], & polyphenol ke H|g}

A3} Aul| FEEo 242} 32,32 = 1,41 mg tannic

scavengert} 2-&

zzEe

o

Table 6. Effects of loquat leaf or fruit ethanol extract on the serum lipid profiles, atherogenic index
(Al) and cardiac risk factor (CRF) in rats fed a high—cholesterol diet

Triglyceride Total cholesterol HDL-cholesterol LDL-cholesterol
Group” (ri;/dL) (mg/dL) (mg/dL) (mg/dL) ALY CRE
ND 7213 £ 12.54"9 9267 + 7.11" 3971 + 359" 6531 + 521° 1.33 £ 0.05° 2.33 £ 0.04°
HCD 89.91 + 13.81 12471 £ 9.39* 2590 + 2.33* 9831 + 826" 3.81 + 0.09° 482 + 0.12°
HCD-LLE 8237 £ 9.04 94.17 + 5.86° 35.05 £ 2.17° 7532 + 6.77° 1.68 % 0.02° 2.69 + 0.06°
HCD-LFE 85.52 = 12.14 99.98 + 6.65" 2824 + 1.80° 7937 £ 6.78" 2.54 + 0.04° 3.54 + 1.09°

YSee the legend of Table 1.
Y Al(atherogenic index) = (total cholesterol —

HDL~cholesterol)/ HDL-cholesterol.

YCRF(cardiac risk factor) = total cholesterol/HDL-cholesterol.

MValues are the mean +
INS: not significantly different among the groups.

S. E. of 8 rats per each group.

9Values with different superscripts in the same column are significantly different (p<0.05) among the groups

according to a Tukey's test.
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acid/g¥} 17.77 tannic acid/g®]al, & flavonoid §t
Zre 74z} 28,73 mg rutin/g¥ 18,77 £ 1.03 mg
rutin/g s AoR et o]of o] Hlfﬂr
dufjol] Bjate] BlT} Qlo] o]& "6‘3«] ol =&
ek ofyet Hoh veket AeEd =2 6]"1'!“3]'
I Y= Ae® HuEStHJung et al. 1999; Shimizu
et al. 1996; Tto et al, 2000, 2002; Taniguchi et al,
2002). Wzl Bl Qo] ulsk guhel wlshel AR
F ARG AHER) OS2 epd Aoz
ol ool Azt st 9 T Ar) 25
94 7 & 2ola0Es DLEdAAE
WARAS 0 ARAAAASE ol 1
435S dAlste] Ao A ddirkE A
AEHA ASS At 2t

\
rlo

of
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mSJ o
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S,
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%

aEY e S o)} g o F
400 mg/kg/daye 45~
A% % AL, T 2 & 2U2HE gL
Table 73} 2t} 3F 27 3 & AW e AL
Zkoll Afol7k gigieh. 7 24 F FHAY B F 2
gl 2HE ke Aol (ND)e Hlate] 12|
2H Bl HCD)0] Fol3Hl F7beh Ae 2

Z

T A nFYEHEA ] o2 SUME T =

2 & FAA P v} 9 332E Faz a
shdovt felat glglont, & ZulwE e
SolalA AT, W Q) FEEE Fojg

HCD-LFET#  Z#2H S o]+ (HCD)  7hell
A 2 F FYZHE g=Fo| 2ol

rir

xH T
7F it dvbHo g wHEE I E 2o
52 Aol Fol= 3 23] FHzHE
ks Z7AZIck HaiEo] ) 0 W(Ghasi et al.
2000), FEAFAA 2o F FH2HES 0.2-1.0%
FToR HBiH AZYAHETSTS FUsH
Het FAlel 3 22 F AH FE oF 3 A
T 7k, & FuzdE = A oF 108 A
= IV o2 43X Jti(ennings et al,
1988). Yokozawa et al. (2002)& ZFdH|2HE9 =
Az A% A W ARl 39 F50) P
SpoASt At TRol Ay 4
B4 g FURR Lo, B ol
Aol ¥ I&-E "= < X}‘ﬂ]“ GSH-px, SOD
3ksAI¢} polyphenol
S, AhREol= 5 A% felel Aol Al
s B4o] gloka BTG 1995). wWehd
3 7ol AL Slof wlo} 2530 $HE polyphend 3}
TS R A B S0l 0 2 F 5 2

deEE 9 Astel 9gE vluzles nef Ao,

r!

%

Table 7. Effects of loquat leaf or fruit ethanol extract on the hepatic lipid profiles in rats fed a

high—cholesterol diet

(mg/g wet liver)

Group” Total lipid Total cholesterol Triglyceride
ND 45.23 + 95179 2.08 £ 0.16" 1521 + 1.98°
HCD 52.63 + 5.26 4.61 + 0.23° 26.02 + 3.46°
HCD-LLE 49.33 + 6.87 412 + 0.49° 2436 + 2.98°
HCD-LFE 4543 + 8.46 234 + 0.58 2312 £ 213

USee the legend of Table 1.
Values are the mean +
INS: not significantly different among the groups.

S. E. of 8 rats per each group.

Values with different superscripts in the same column are significantly different (p<0.05) among the groups

according to a Tukey's test.
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Table 8. Effects of loquat leaf or fruit ethanol extract on the fecal lipid profiles and bile acid
concentration in rats fed a high—cholesterol diet

Group” Total lipid Total cholesterol Triglyceride Bile acid
(mg/g) (mg/g) (mg/g) (1 M/day)

ND 25.36 + 2.36™Y 508 + 0.96 12.08 + 1.24% 31.43 + 9.36°
HCD 30.23 + 3.30 10.02 + 1.39° 13.57 + 1.29 4136 + 4.01°
HCD-LLE 28.36 + 2.97 16.08 + 1.72¢ 15.37 + 1.97 49.33 + 6.23°
HCD-LFE 26.17 + 1.88 12.89 + 1.16° 14.27 + 2.03 43.12 + 9.21°

USee the legend of Table 1.

Values are the mean + S. E. of 8 rats per each group.

INS: not significantly different among groups.

“Values with different superscripts in the same column are significantly different (p<0.05) among the

according to a Tukey’s test.
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