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Anti-obesity Effects of Seaberry (Hippophae rhamnoides) Leaf Polyphenols
(SBLPP) in Male Mice Fed a High-fat Diet
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The mean body weight of male mice fed a high-fat diet and seaberry leaf polyphenols (SBLPP) juice for
eight weeks was significantly lower than that of controls, with the weights of abdominal adipose tissue and
liver being particularly low. Additienally, blood GTP activity in experimental mice was significantly lower
than ir controls, demonstrating the inhibitory effects of SBLPP juice on development of fatty liver, which
may otherwise be induced by a high-fat diet. Furthermore, expression of acyl-CoA cxidase {ACQ), medium-
chain acyl-CoA dehydrogenase (MCAD), and fatty acid beta-oxidization enzymes significantly increased in
experimental mice. In vitro experiments showed that SBLPP juice suppressed pancreatic lipase activity in
a concentration-dependent manner, with ICs being 4.5 ppm. It was therefore suggested that, in mice fed a
high-fat and SBLPP juice diet, gene expression of fatty acid beta-oxidation enzymes in the liver was
enhanced, which increased the lipid metabolism and inhibited the pancreatic lipase activity, thus reducing
lipid transportation to the body and increasing fecal lipid excretion. As a result, body fat deposition was

inhibited.
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EABIEC LBRELs - S EROE <Y 2 (ddY
) E2EVT, BEBEESLU Y -~y —#RY T e
/= (SBLPP) #RE OIS ERET- 2. Wil EEH
BE (P4 v s 77w b, BFEFVT) B, BEEGELT
SCTRELARODESL L 7, BREELTAVE
SBLPP REITO L3 LTHRILA, dbhb, wEEL
feRO v — ) —FE 100g ic 3L OEGKEWA, 128
RlEmEg RO BEEEL, T ORfEs 4 EEY EL T8
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SBLPP &% (W 7+ viAYEBL LT lmg/ml) &L &

)7 = 2 — B Folin-Ciocalteau i THIEL, # 7+
ik E LR LA, £, EREWONYD &\ i Guide
for the Care and Use of Laboratory Animals™® iz - 7z.
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EFER AT B & U SBLPP iR 8 IR SR ic e
BLY, T—FAMET CERLITY, SEOESE LU
BAR® & URIEHEHCIEF BRI L <. EF4R
E L FhERME E5CMEE2EsL, TDX 7+ 54
#— (Abbot) ZRVAESREICLD, B L RFE -,
HDL 7 VR 50—, IS, Eaighies Loy g
BEISLSEFATELAY. Non-HDL 2 vz7Fo—ibit, #
JLRFo— & HDL 7 L AT 0 —LOEEE L HEH
Lfct?, '

3. FESLUVECEENIBHSEONE

FTigids & ORI EFETRE, W EED s ook a-
A& =R (2:1, v/v) ZMAEET202H, BF
HEREASEE I L o U Ao TEHTEASEOSRE (1000xg)
LTHEEERL, FEoMRfEs sEB0EL, Hhib
WAaEh . BEERER ERELRS THES L UE
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4. FFIEOREIER B B LB ERETRIFEDME
EIENAaE LU SBLPP kbl 2545 ow o RFEL 3 b
o— ey ABOHED GBI/ T2V v-7 5/ — -7
ORI LFRICE D, & RNA ZiithiE, mRNA 28R T
cDNA 2{E8EL 729, FRIC 13 2 15558 g Bt bic EES
2 DS ; acyl-CoA oxidase (ACO) ¥ & medium-
chain acy!-CoA dehydrogenase (MCAD) OEEFHER

B3, RT-PCR¥HF A 7Y 54— a VETRAEL
fo. BER, " AF-ErIEETOs- 7 F Y RER
T AR EE LTR LY, ACO #EF (NT 165773)
D754 v—ii, 42 :5-ACCGCCTATGCCTTCC
ACTTT-3' (1089-1110), 7 v ¥+ v Zfil : 5-CACGCCAC-
TTCCTTGCTCTTC-3 (1587-1607) LU 7 o—7 5.
CCCGGCCTGCACCTTCGAGGGGGAGAACACTGTTA-
TGATGCTGCAGACGGCCAG-3 (1325-1379) % FE Wi,
MCAD i#Z=T (NM 007382) @754 = —i3, &2 {:
5.GAGTACCCGTTCCCTCTCATC-3 (221-242), 7 v F
+ ¥ 2l : 5’-GGCCCATGTTTAGTTCCTT-3" {695-713)
BLUFw—7 5 -CTCTGATGTGGCGGCCATTAA-
GACCAAAGCAGAGAAGAAGGGTGACGAGTATGT-3'
(805-559) EFV . F iz, BT 7 F VB O (NM 007393)
T4 vt R 5 -GAGGCCCAGAGCAAGAG:
AGGT-3" (249-270), 7 v+ ¥ 2l : 5’-AGTGGCCA-
TCTCCTGCTCGAA-3 (727-T4T) BLT 7o —7F : 5'-
GACCTGGCTGGCCGGGACCTGACAGACTACCTCAT-
GAAGATCCTGACCGAGCGT-3" (615-669) %M i,

£ 4D PCR 7’5—47—@%\%:&%0)%@&4 7 WELD

GG, IFE~Y 28O cDNA ZHWTIREL A, %
foo TAAY T4 R7 745 —€-HLDIG (0 ¥a) ZHL
TEET7 4 v BRE BRLEXEY VA EXR
+ v+ —THIDIAS, Scion Image K kA F VA 1) —
Hick b, BREERFRLOMELLTERLL

5 BEUN—EEEOTE

Y e —EEMEY, 20p) OBEEER, 300l OIKARE
) ot—+ (3mg/ml, EC 3.1.1.3, Sigma), 20ul ® BLEERE
o SBLPP #if4 & B, 37°C, 30 HRIRIGE«, i
BEL7A LA VERES NEFA-C 57 R b7 a— (FGHSE
ERCTHIEL 222, B Y~ — WGt 2SR,

cavbhE—EOEE,SEHR L

6. fEETALERE
FRENDF— 5 PP ESEE TR L. - S
OHEIL T-test TITV, p<0.05 2HEE L.

EERRE SRS LR

8 ES O~ v 2 858, Sk atE & Flkfic SBLPP
HEAEEA T A, B 2 EROKEEEIZIE LA LR
B HNI ot 3BHLIEOKRERDE, —HERE,
avto—ABEoFrhchTHEECE SN (Fig
). FEFREAEL THEO 1 BEOESEIE 72~T6g, X
HEE 64~T9ml THD, BEREEEDShEb T, T
Thh, @IsHi&is LU SBLPP #kl2 54 1o vy 2B
OEFER, IV —OF AT ERREEE T
& -7z,

SBLPP il A5 Z v v 2O MBERSE, =~ ¢t
O B EERE R S R BT ESET, DHIEE,
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BaLvAFo—BLUHDL 2 LA Fo—AEBIRET
@& L7 (Table 1), $£72, Sigli&fis LU SBLPP
WElE 54 ¢ 8 EREE Ly 2, FEES0EE
7S B MPORBREREMEEY 1T v b o - VBT E,
SEMIBEWVERICS - 2. FHCIVE GPT 3ERIZEL
B4R L1 (Table 1). £/, BERERICEEEFLEEED
SNt - b, HiEE L EEEE L URIZ2LEROIE
HERICKE, BELRETHSED oLk, F, HRbcsE
FNAEHEEE = v b o — VB HAEOEDSED S
iz (Table 2). AFEBRTIFAES LUBIELEEDIE
FHERIC > W T OABEET - o, K MBS C oftho
ISR BT > TV T LEBELTVS (-
¥ 3EEEE). MiF GPT fEH X CIHEEROBEL LR
i, BlEEAEEEA vy 20BN OEE OB
SBLPP ScElaiEl Lc & EMBHR L T 5 LHEE L 2.
Fir, -~y —ERY 7 s —N (SBLPP) % 8.8
BISA -l AQEER, 2vbo—nEBvr a0z

70
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Fig.1 Changing body weight for 8 weeks in mice

Each point (# :control, Il : SBLPP) represents the
mean for 5 mice®5.D., *P<0.05.

Lo bERCES EhoEEmE»REENEROFEL
HETH B LHEE L. .

ARG 3 ORI RERICE, AEEREDSIED -1
(Table 2). /=, SBLPP k%52 /oo 2 FOEDC
ZEhalglhERE, 2 v o- B -uEinEEER L
fz. FHbL, SBLPPRMESEZ <y REOHED~D
feifkittis, 2> Fo—ABOFhED bEVERKS 3
T EeAREan, ik, SEWAEES AU Rty e
o AR A SA RS b, EHBOEESREShT
RSP _

SBLPP #ifla 52 o= RABOTFBic&Eh 3 ACO
BT & O MCAD = FOREEIE, 8- 777 vRH
Bt 2 EHETHELLECA, Ty o —NVEDHE
£ HEECHVEER L (Fig 2). FFRONEHEE 58 B
fbfpER#HohLAEEE LT3 SHEFLL
ACO b7 & v — hic B 13 2 ISTHEE 8 B b o Rl
FTHY, THMCAD I + 2 v FY 7Bl 8008
BEE Lo BEEETH 5. SBLPPHEIES L =y 2B
G EE N A iRIE S BLBREE T AEL TR
s, BeINEE g B LicEEREROERTHRARO LR
2, < v AFBIEECBREEE L CRIELAR OB 0%
B S X O HE PRGNS LTwa EEEL TV
5. ChETI, BELVFRvEE o RABRET A L
gD ACO BET P MCAD BEFOREHEEBE L UIEN
B 5 B LR ASBEM L <, R EA LD, HIElS
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mo, ERIEHORBEEEESh TV EHFELTY

Table 1 Serum components after 8 weeks of dietary treatment in mice'

Components SBLPP Control N

Free fatty acid (MEQ/L) 3.51%0.44* 4.14+0.46°
Neutral Lipids (mg/dl) 51.2+27.5 66.0x36.4 .
Total cholesterol {mg/dl) 179.0£50.0 212,034, 4
HDL chelesterol (mg/dl) 119.4+426.9 126.8%14.1
Non HDL cholesterol® (mg/dl) . 59.6+24.2 85.2+25.4
Total protein {g/dl) 5,3640.10 5.800.10
GPT (IU/]) 22,413 4% 35.2+%9.4
GOT(IU/M 81.0%x190.1 135.24+60.3
ALP{IU/N) 381.24208.6 651.8%210.1
LDH {(IUJ/1) 663.0=56.1 847.24160.4
CHE (IU/1) 2428 .6+=415.3 2500,2£127.7

1V alues are means=standard deviations (5.D.) for 5mice.
2Non HDL cholesterol is total cholesterol~HDL cholesterol.

*P<0.05.

Abbreviation ; SBLPP : Seaberry leaves polyphenols, GPT_ . Glutamic
pyruvic transaminase, GOT : Glutamic_ oxaloacetic transaminase, ALP :
Alkaline phesphatase, LDH : Lactate dehydrogenase, CHE : Cholinesterase
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Table 2 Weight of internal organs and feces after 8
weeks of dietary treatment in mice!

Organs and feces SBLEP Control
Liver (g) ‘ 2,.10£0.32* 2.47+0.36
Lipids in liver (mg/g F.W.) 82.7%17.5 97.5+18.8
Cecum (g) 0.38+0,06 0.36%0.06
Adipose tissue (g} 3.07+0.62* 5.64%1.17
Feces (g/day} 1.3640.27 1.36+0.27
Lipids in feces (mg/g dry) 84.41t13.4 72.7X£10.5
'Values are means=*S5.D. for bmice.
*P<0,05. -
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Fig. 2 Effects of SBLPP on ACO and MCAD mRNA
levels in the liverl

Mice were fed high fat diet for 8 weeks. ¢DNA made
from liver subjected to Southern blotting. Values
are meanstSD. for Smice. Abbreviation; ACO:
acyl-CoA oxidase, MCAD : medium-chain acyl-CoA
dehydrogenase, * P<0.05.

. LdL, #5 % R SBLPP DI BRSNS TH
A¥ 07T, BELELLEERSOHE AESSBROE
HIRETH B,

B0 U7z SBLPP B (0~10 ppm) {RE L THY
o — ETREDME S nfc (Fig, 3). BEY -v— GO IIHI
iCRiEd SBLPP BE 2Rk L2 5, ICxh A 45ppm T
b-fo, Fipiredy Lo w8l B —EiEEE
EEREACEET S C & HNHE X R T 50000,
SBLPP OR#EFEMEE, FHPEy K= EL0 b
MO EMRENA. i, A7 F R, IERAEH
BA S 0IETTOHBR(EEPEE U ToiEds EBRET

120

100 |
80
60

% Inhibition

40

0 2 4 6 8 10 12
SBLPP concentration (ppm)
Fig. 3 Effect of SBLPP on pancreatic lipase activity
from porcine pancreas

The perceni inhibition of assay .is plotied against
concentration of phencl assay. Each point represents
the mean=S5.D., R*=0.9789.

baELM|ETNTWE, REHEO SBLPP it 5ic &5
Th, EABHORBTEEREEE N E0h b6 LW,
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~DJEIFHEMNET L, Brh~0eihbktosgimL 72 &3
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£ #
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v A OMIF GPT FEE 3 v Fo - kb $FRIEL,
SIS AIEEC & B TR~ OISR ORISR S h i,
%7z, 8iEM SBLPP gRklE 54 720~ v X DGR A B
{LEEFR T& 5 acyl-CoA oxidase {ACQO) B XU medium-
chain acyl-CoA dehydrogenase (MCAD) Oi#{=FHHE
BUHEABICEIIL T, invitro BBz L, SBLPP A
BEY Y- PEEM A EERERICGT A C EaRs A, &
O ICs i 45ppm &R L, ChodiER kb, ELEH,
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