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Inhibitory Effects of Ethanol Extract of
Purple Solanum tuberosum L. on Obesity and Hyperlipidemia

Sung Soo Yoon', Yun Hee Rhee?, Eun Ok Lee?, Hyo Jung Lee’, Yu Sung Jang?, Keun Sung Lee’,
Sook Hyun Won? Hak Tae Lim®, Sung Hoon Kim"*

1. Graduate School of East-West Medical Science, 2: College of Oriental Medicine, Kyunghee University,
3! Department of Plant Biotechnology, Kangwon National University

This experimental study was performed to evaluate the effects of ethanol extract of Purple Solanum tuberosum
L(EPSTL) on obesity and hyperlipidemia in rats induced by high fat diet. Sprague-Dawley rats were divided into
normal group, control group, EPSTL (100 mg/kg and 200 mg/kg) treated group. EPSTL was orally administered to the
obese rats by high fat diet for 6 weeks. The effect of EPSTL on obesity and hyperlipidemia were examined in vitro
and in vivo as follows : EPSTL effectively inhibited the differentiation of 3T3-L1 adipocytes in a concentration
dependent manner. EPSTL significantly lowered body weight of rats fed high fat diet for 6 weeks from 4 weeks
treatment compared with untreated control. EPSTL significantly reduced the weight of retroperitoneal fat only at 100
mg/kg and epididymal fat pad in rats fed high fat diet for 4 weeks at 100 and 200 mg/kg. EPSTL significantly reduced
the leve!l of triglyceride at 200 mg/kg, while EPSTL tended to lower the levels of total lipid and phospholipid in rats
fed high fat diet for 4 weeks with no significance. EPSTL significantly attenuated the level of total cholesterol, LDL and
atherosclerosis index (Al) as well as increased the level of HDL at 200 mg/kg. EPSTL significantly reduced the levels
of total lipid and triglyceride of hepatic tissues in rats fed high fat diet for 4 weeks at 200 mg/kg. EPSTL significantly
lowered the level of insulin, while it did not affect leptin compared with untreated control. Taken together, these results
suggest that EPSTL can be used for the treatment or prevention of hyperlipidemia and obesity.
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A1) ohE A 37.8 kgS OB 63 LZ 38] £&3K Rotary
evaporator (Buchi 461)oll41 ZQ} &3}, Freeze dryer2 &4
Azl 366 go] BLES ARACE (=& 0.97%). MR AP nHg
A JEIS ZEE BS 8314 (DMSO)o Ho] %011 Wits
Mzl Agoll ALEEIRCE

L

4. APMEES & 5F
Adipocyters 6-well platesoll 4] WABI3 1L, MZE ESIA
7171 BHe] ZES Z8H (1 uM dexamethasone, 5 ng/ml

insulin, and 0.5 mM IBMX)2 Azt & 0]& B BIE &

=2 O
ESITE o1& # 5 pg/ml insulinT} 10% LEfol EFo| =gt
¥ DMEM=NX|olA] 89 S¢t shekst 7, E3hd Az A=t
SEEWINL

=g A]8IMCE 8Y Aol Oil-Red O dyeZ
JE=, MZE 70% ethanolo] TEBELL, 100% propylene glycol
oA 44171 & Oil-Red 02} H&E (Harri’s hema-toxylin) &

e LAISISITH

SHIS beef tallow
Z3CH(Table 1).

Table 1. Composition of basal and high fat diet

Ingredient Basal Diet (%) High fat Diet (%)
Casein 200 200
DL-Methionine 03 03
Com Starch 150 150
Sucrose 500 45
Fiber" 50 50

Com oil 50

AIN-mineral Mixture? 35 35
AIN-vitamin Mixture” 10 10
Choline Bitartate 02 02
Beef Tallow - 205

" Cellulose = Sigma Co. LTD, USA # Mineral mixture based on the pattern of Rogers
and Haper (1965) contain the following (g/kg diet) : calcium phosphate dibasic 5000,
sodium chloride 740, potassium citrate monohydrate 2200, potassium sulfate 520,
magnesium oxide 240, magnesium carbonate 35, ferric cirate 60, zinc carbonate 16,
cupuric carbonate 03, potas§ium jodate 001, chromium potassium sulfate 055, sucrose,
finely powered make 1000, ¥ Vitamin mixture(g/kg diet:: thiamine HCI 06, biotin 0,02,
rivoffavin 0.6, cyanocobalamine 0001, pyridoxine HCI 07, retinyl acetate 08, nicotinic
acid 30, DL-tocophercl 38, Ca-pantothenate 16, 7-dehydrocholesterol 00025, folic acid
02, methionine 0,005, sucrose, finely powered make 1000
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7. gHEE] By
1) Total cholesterol g2l &4
Richmond £¢] F4wY0] sl ZAR kit (AM 202K,
Asan)E ARRSIH Aok WddolA]  g4A]9Kcholesterol
esterase 205 U/ ¢, cholesterol oxidase 107 U/ /2, sodium
hydroxide 181 g/ # & E
monobasic 136 g/ £, phenol 188 g/ ¢ )0l B3+ So] 4]
F 20 poll ZAISE §AAIN 30 miE MRS & 37T oA 5 83
incubation}cd A]2F blankS THERZ & 500 ol EBEES

FARIE B3 (potassium phosphate

)]

oIt BE HEkdol Fol 85 g2 ng/ dE FAISKACH
2) Triglyceride & &3

McGowan £9] #ho] FEslod ZAIE kit (AM 157SK,
Asan)E ARSI UE ST Wy aolA] GAr]et (lipoprotein
lipase 10800 U, glycerol kinase 5.4 U, peroxidase 135000 U, L-a
-glycero phosphooxidase 160 U &S EAAISF Ed9Y
[N,N-bis(2-hydroxyethyl) -2-aminomethane sulfonic acid 0.427
g/dt B0l 2613 29 A1F 20 woll ZABE ZAAIN 3.0
nE IS & 37 CoA] 10 7} incubationdt] A1¢F blankE
EE ohE 500 m oA EBEE FHoINct TE A
& TEF2 mg/dE FAIGIACE
3) Phospholipid g% &5

Chen E9] 480 2lle] ZAP kit (Tatron Chem. Co)E
ARSI AEEINCE BlWAelA] ARG (phospholipase 39 U,

=
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choline oxidase 5.6 U, peroxidase 3.6 U, 4 aminoantipyrine 03252
ng T2 FAAICE SN [tristhydroxymethyl)-aminomethane 6.057 mg
Bol Solish Bloll A1F 20 uoll ZATE G441 30 meS H7Y
@_ b & 37CoA] 2027} incubationdl] T}EF 500 nmollA] EHEES
FE8Iit BFE ol Fol I gEE e/ di2 FAGIICE
) High density lipoprotein-cholesterol(HDL-C) stet &3
NomaEo] 4w oglkd ZAE kit (AM 203K,
Asan)E AM25lo] AESICE EF 20 wiol FZIA|QF (dextran
sulfate 0.1%, magnesium chloride 0.IM &-7) 02 ®E 7}0}1
15 & A20A] 1087 2FA)EHIL 3000 rpmoiA] 10 £
2lsidick 1 AANE 01 mf Fle F4HA1E 3.0 m€9}
18} 37CollA] 527} incubationd}] A|CF blankE A
500 molA EZEE ZH5IMCE S Ferdol £l
= ng/dLE FAIGIFTEL
5) LDL-cholesterol g} &7
Low density lipoprotein-cholesterol(LDL-C) &}z+2 Fridewald
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LDL-C = [EZW2H &Y - (HDL-C + Triglyceride®}/5)]

6) Leptin % Insulin &%
Rat leptin 2! insulin radioimmunoassay kitZ A}Z35I3 2
0, y-counterE ARSI 1827} cpmE A$ZE EZFEIATH

2 AYE ZE5lA 0]Z chloroform@E 25 miJ} E]CE Jg
YA EFH kA —5‘:’5-.% ARE AMESIACE SHAHE g W
s S kitE ANSSl] £F5168 eM, E8E WX 6t
71 95kd 05% triton X100§ =PAtel 1=

Ax 2 1z
1 3#RE EHREY odes ZE2E HINZE 3% JAs g3
Fig. 1ollA] Bol= ulg} 2] 2UHE 2(0il Red O) 44
2 Fgoid A JdRaus 205t 2AuE oy
2 Mz NZT 54 dadlgls PHOFE vl 98 (A&
Z JHERE 7Isdld 2 4 ATt Fig. 12 AF 9 pEF
3T3-L1& A& YAHEKECSE BlkE FEAI7) THS, A
OHEA olEte REES STEE 7Sk 72417 0}011 S=tel el
SIEE LFsl vRZ7} X2E gk
= A5 E YU 2F gl 58 A
A2 AFetEo] zol A ZHA 7} %%&‘EE EOIE ‘éﬁ A}
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Fig. 1. Inhibitory effect of EPSTL. on the differentiation of 3T3-L1
adipocytes.

71719 v 2 IXE S SEAEAA 2oy Hlf'h%
S Q31 beef tallowE HIVSH ZHAIRE 65
53t 3 A9 HalE Brialioh A ol 0ﬂ
! EHZF_—?LOH B3l 200 mg/kgol I &
= HYCL Table 20) HAIR 8}
7} 4ol nlEsle] 2 Zolde 1L
Ak 2o 7 23 RE {8 MF 718 RO, EPSTLE
100 mg/kg T A tHEF B8] Z4dle Aol AR
A Fojdo] QIFEA QRXIL, 200 mg/kgd] £ BT 1L
AdrA] 2o] 4728 g2z dlg] Foldt ME d4auE B
ot E3 XA Bo 6FF0 T BAFS 3145283 gol2d
oL, DHXE-S 349.718.6 gO 2 FAT 5715 EXAALL, EPSIL
100 mg/kg 2 200 mg/kg SQFoIME 737t 3406483 g B
331.7:7.0 gO & VER} tiEFol B]8) T8 82 200 mg/kg
FoolAgt F93 A 38 dH

Table 2. Effect of EPSTL on the body weight in rats fed the high
fat diet for 6 weeks.
1 2 3 4 5 6
weeks(g)
Normal 148.% 168.% 198.5b 245.(2 2734 29%.7 3145
63 +35 74 85 48 27§ 8%

conror 1902 1749 206 2718 3087 3W3 3497
OMIOT 4689 248® 204 478 90 455 86

EPSTL 1496 1803 2294 2654 2085 3086 3406
100 mg/kg  +60° +59°  +88° 95 73" +45°  183®

EPSTL 1503 1766 2187 2596 2718 3187 3317
200 mg/kg #54%  £69"°  £51° 830  +6¢° 258  7(°

Rats were rendered obese by high fat diet for 6 weeks including a orally administered
EPSTL daily for consecutive 6 weeks, and kiled 24 hr after the last treatment of EPSTL,
The assay procedure was described in the experimental methods. Values are mean %
SD. n=9. Values followed by the same letter are not significantly different (p¢0.05).

Treatment

=

T SR ALY Ul Loty S8 2
v':j‘ﬂﬂ' F919 A ZA 9] gt Walg
Hie} Zo] A £Ro] A HE
% retroperitoneal fatol] 4] ggg} 6.48+0.38 (mg)o|RA 2L}, th
2o 10254075 (mg)SE R854 Er15E)drh EPSTL
100 mg/kg X 200 mg/kg B TolAl 2327} 11.070.61 (mg),

o
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9.1220.38 (mg)E Z+43lod, EPSTL 200 mg/kg L2k Bl ol
ARt §940] A1E YT Epididymal fatol AT FaFolAE
7.13+0.42 mgoIAY 2Lt HEZIA = 11.36:050 mgO 2 395}
A Z71%191 2™, EPSTL 100 mg/kg & 200 mg/kg Foi ol Al
= 237} 10.25:045 mg, 9.87+0.38 mgZ LIER} TF thRT0|
giel /ot oA avE BYch

Table 3. Effect of EPSTL on the abdominal fat pad weight in rats
fed the high fat diet for 4 weeks

Dose Retroperitoneal Epididymal

Treatment (mg/kg) mg/q body weight
Normal 6.48+038° 7.13£0.4%°
Control 10254075 11.36+050°
EPSTL 100 11.07£061° 10.25¢0.45°
200 9.12£038° 987038

The assay procedure was described in the experimental methods. Values are mean +
SD. n=9. Values followed by the same letter are not significantly different (p<0.05).

4 83 g 889 #g}
IXEES SHXEY §33 chylomicrond] 2H] £71, &

=M X8} g+ 1 LDL-Cholesterol g+ 2l BHIE &
7}A171 1, HDL-Cholesterol $+49] ZiAx & lipase 249 AT
Q1510 ZEOAQ] EEA HAE MoIE LS.
Table 40 AAIE v} Zo] hEAN TAEE €F ANEA
total lipid, phospholipid %! triglyceridec] theh B7} & total
lipid E3lolA] RS 210.9+46.5 mg/ d00IR LY, THEFolA]
T 3742£39.7 mg/dE UERL 394 JA ETERCE ¢
EPSTL 100 mg/kg % 200 mg/kg T TolAle 22t 358.1+40.6
ng/de, 317.6+23.8 mg/ UE thET ol Blal ZASHACH
Phospholipid ¥ 3lofl 4= Fikzol Hlgl AXNEES 7
gt iR T4 Eriehe @S B e, EPSTL 100 mg/kg %
200 mg/kg FFollA= tiRTe HIs] FASH ZAagHrt o
HEA @ot & A& AT HEE FHOE Helrh
Triglyceride®] AL HAFTS 654856 mg/dLo1UCLY, IR
TolA = 164.9£10.27 mg/ dUZ VIER} GO JA S7IEACE vt
™ EPSTL 100 mg/kg S Tol A= 151.7£9.45 mg/ d¢E thRFol
B3 ool s ol™gE 4= gileL), EPSTL 200 mg/kg S
TollAE 12541937 ng/de thETol Bidl {5 Z2A=AUCE

DR

o
T

Table 4. Effect of EPSTL on the concentration of serum lipids in rats
fed the high fat diet for 4 weeks.

Treatment ( n?go/slsg) Total lipid Phc;ﬂsg?ilwpld Triglyceride
Normal 2109465 108.7£20.1° 65.4+856°
Control 37423972 139.6£198° 1649¢10.27°
EPSTL 100 358.1£406° 1353+18.3" 151.7£9.45°

200 317.6£238% 128.7216° 12542978

The assay procedure was described in the experimental methods. Values are mean +
SD. n=8 Values followed by the same letter are not significantly different (p¢0.05).

5. @3 cholesterol 2t B3] B ESWAHGIA|S

Table 50 Al #i&} Zo] IXESY FEE total
cholesterol 2! LDL-cholesterol gH2F0| th R FollAl= Aikrl] bl
Bl 232} 77.344.29 mg/ 8, 6.83+0.97 mg/ A A SrIElE R0l

EPSTL 100 mg/kg BEiFolA 73z} 739341 ng/di, 5.910.83
ng/ 4O hET) HI3) 2451831, EPSTL 200 mg/kg Fod ol
A 242} 7014327 mg/ de, 459+0.90 mg/ HOE thRTol HE S
OJMUA DAFIYCE & HDL-cholesterol SIS 36942.11
ng/ 2 thETOA FUTED FAEUA ZaEIE Aol
EPSTL 200 mg/kg 50 TolAl= 40.6+1.33 mg/ U O.E THE 0|
Blal RAEJUA &6t SUESA<E 1.05:0.09 ng/de2
tEFolMe atol vldl oF 48] % #A5] S7F Aol
EPSTL 200 mg/kg SEQFIAE 0.73:0.08 mg/dE S8 U=
ZHe A7) UERdCE 0142 1123 AE Aiks €50l X
9l ¥zl st 29 dBEE Hole AR Alg¥rh

Table 5. Effect of EPSTL on serum cholesterol and Al in rats fed
the high fat diet for 4 weeks.

Dose Cholesterol (mg/dl)
Treatment (rg/kg) Towl HOL oL A
Normal 587+218° 46.7+150°  178+051° 027£0.1%°
Control TI3E429  360:211°  683:097° 105+009°
EPSTL 100 739£341%°  380+149° 591:083% 095+007°
200 704+327° 406133  459+090° 0.73+008°

The assay procedure was described in the experimental methods. Values are mean *
SD. n=4. Values followed by the same letter are not significantly different (p¢0.05). Al
{Atheroscrelosis Index) =(total cholesterol - HDL cholesterol) / HOL cholesterol

6. 217 28 &9 A& Y cholesterol EHE H3}

Table 60 AMAIE HQ} Zo] IANEE FT¥E I 23
total lipid, triglyceridel= EHFo] tE oAl & ak7to) ]
24z oF 20 % EUIEE Aol EPSTL 200 mg/kg Foi 7ol
Tk iRl Hldl g AXEHRE B 2L, cholesterol FHb
olMe Folgt AXMAHNE HolA L}

TS AA .

S o oy
2 8/

Table 6. Effect of EPSTL on the hepatic lipid concentration of
hepatic tissue in rats fed a high fat diet for 4 weeks.

Dose Total lipid Triglyceride Cholesterol

Treatment (mg/kg) ma/g of tissue
Normal 139+1.42° 927+097° 249+0.33°
Control 253£2.10° 195+155° 5.18+051"
EPSTL 100 236+153° 178142 50120257
200 2024155 16.5+1.38° 473+030°

The assay procedure was described in the experimental methods. Values are mean +
SD. n=9. Values followed by the same letter are not signiiicantly different (p¢0.05).

7. Leptin & insulin &% $H3}

Table 70] AAIE IS} 2ol BF leptind) BT BT
ol 8.69:0.83 ng/mlQlu] HIGIY, TIETOIAE 27.6+4.51
ng/mlOE oF 3uf AT Erie ¥iH, EPSTL 100 mg/kg, 200
mg/kgS Fogt AgEFolAe 22 2524349 ng/ml, 21.6+3.13
ng/mlZ =] B]sle 78t ZAEE HolA airt
insulin®] & <2ollis Fae] §7o] 253+021 ng/mlQld] HIGKH,
HEZOIE 406019 ng/miZ S8 YA E7EKIOL,
EPSTL 100 mg/kgS S0l 387033 ng/mlZ thE o
HIG) 9O ZAETHE HOIX) QIRkou), EPSTL 200 mg/kgS
EolFolAE 331:030 ng/mlOE SO DA ol
A o] 5ol HIFIA47} 20 AL insulin®] gHo] =0}
A, KA ZAA 48215 1 BH]5 = leptin GA] XE2F 2 insulin
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Table 7. Effect of EPSTL on serum leptin and insulin levels in rat
fed the high fat diet for 4 weeks.

Dose Leptin Insulin
Treatment (ma/kg) -~
Normal 869083 253+021°
Control 216+451° 406+0.19*
EPSTL 100 252+349" 387+033°
200 216£313% 33120300

The assay procedure was described in the experimental methods. Values are mean *
SD. n=9. Values followed by the same letter are not significantly different (p<0.05).
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F o} BFol sl BTt W IANEE JHEHE
23 2 48 |t
A mlE A Y] oEte ZEES 3T3-L1 AWM ZS] 23
EHOE AXSIATE A nfEM L] oS FEES L
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ATt B nlEA Y] ol E REES 477 A g o
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