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Hypocholesterol Effect of Opuntia humifusa Extract on High
Cholesterol Diet-induced Hypercholesterolemic Rats
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ABSTRACT The aim of this study was to investigate the hypocholesterol effects of Opuntia humifusa extract in
hypercholesterolemic rats. Rats (8-week-old, male) were randomly divided into four groups (n=4) as follows: N-control,
normal diet; H-control, hypercholesterolemic diet; OH-1, 2% O. humifusa extract-supplemented hypercholesterolemic
diet; OH-2, 4% O. humifusa extract-supplemented hypercholesterolemic diet. After 4 weeks, we observed that hyper-
cholesterolemia induced significant increases in serum lipids (total cholesterol and LDL-cholesterol), hepatic lipids
(total cholesterol and triglyceride), and hepatic function parameters (ALT, alanine aminotransferase; AST, aspartate
aminotransferase) (P<0.05). Treatment with O. humifusa extract for 2 weeks normalized these indexes up to the levels
of normal rats. O. humifusa extract tended to increase fecal lipid (H-control: 142.74 mg/day vs. OH-1: 214.05 mg/day;
OH-2: 200.95 mg/day, P<0.05) and bile acid (H-control: 37.07 uM/day vs. OH-1: 47.23 uM/day, OH-2: 47.93 pM/day,
P<0.05) contents of hypercholesterolemic rats. We concluded that oral administration of O. humifusa extract effectively
improved cholesterol metabolism in a hypercholesterolemic animal model induced by hypercholesterol diet.
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=5 o] 108]2] 70% ethanols 713t ¥ 74
2

3l

N
ORI

A7 ZefxaFe]] @ar 80°Coll A 3AI7F 23] 3
3l & rotary vacuum evaporator(Tokyo Rikakikai
Co., Ltd., Tokyo, Japan)& &%3ala A7 % o] Hd

Z FE=R o]&aqth

T AT e A1 A (42x28 cm)oll A A
P2 L% 22~24°C, FE 60£5%7F A H W Wk 37
(124172 light/ 12413} dark)7} AH52 A3 o] o8 22
9 et R0 457 F9 B ATE 98] A%
HAah BE FEATS edttu FEATE A

%2 (KUIACUC-2010-194) &}ol] A& =3}

s 4%

A 52 AW Ho] i Z(normal diet group; N-
control), AL F2| =8| & 2] o] t)Z*(hypercholesterolemic
diet group; H-control), '3 % A X|*(Opuntia humifusa
extract 2%-supplemented hypercholesterolemic diet
group, OH-1; Opuntia humifusa extract 4%-supple-

mented hypercholesterolemic diet group, OH-2)2. 2 &

Foha A9 FEel 8 T 4vtel g ssich A
WF o] YRS AUk AR Tk LU SHE o]

Table 1. Composition of experimental diet

Composition Hypercholesterolemic groups

@100 g diety  eomtrol T ntrol  OH-1  OH-2
Casein 12.0 12.0 12.0 12.0
Corn starch 73.0 55.0 55.0 55.0
Soybean oil 8.0 25.0 25.0 25.0
Cholesterol 0.0 1.0 1.0 1.0
Coline 0.04 0.04 0.04 0.04
Cellulose 1.0 1.0 1.0 1.0
Opuntia humifusa 0.0 0.0 2.0 4.0
Mineral mixture 5.0 5.0 5.0 5.0
Vitamin mixture 1.0 1.0 1.0 1.0

Mineral mixture (g/100 g mixture): CaPO4-2H,0, 14.6; KH,POs,,
25.7; NaH,POs, 9.4; NaCl, 4.7; calcium lactate, 35.1; ferric cit-
rate, 3.2; MgSQOs, 7.2; ZnCOs, 0.1; MnSO4°4H,0, 0.1; CuSO4*
5H,0, 0.03; KI, 0.01.

Vitamin mixture: ICN vitamin mixture (No904654, 1999).

AE T8 AN 12417 42 43
ether®2 vlHAIA |AYAT & 45 3 sl &
HE AT ANFH T AL 4°C, 3,000< g A]
il sto] Aol A4S Feth - N AF
217191 FUJI DRI-CHEM 3500(Fuju Photo Film Co.,
Osaka, Japan)& ©] &3l 54 AW, & Fel2H &, HDL-
2~ =, alanine aminotransferase(ALT) % aspar-
tate aminotransferase(AST)E 43} t}. LDL-Z# &
HE2 5449 35 A4 AR =Z5H Friedewald 5(11)

of ARl ofa] Arts A,

A
F Al FARE JERHATHE/100 ¢ BW). 7F 24 3 g
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EA59 o B W 9522 Huangd Dural(12)2] W 2 A8 H).
< o] &3t AT & w8 Ul 9 Ak B8 AW
ZZ 9 200 plell 70% sulphuric acid 200 uLZ ¥F&-A]7] ACiEQl H7| 2
3 28 %ol 25% furfural solution(in 30% ethanol)< &7} Table 32 Fd 2HE 2o|2 nZFY=HEDZFo]
gl & 53 Zof B33 % 7] (VERSAmax microplate read— =8 FHoll o] AtHEl A7) FAl e Adx FE2E9]
er, Molecular Devices, Sunnyvale, CA, USA)E o] &3] S e ot 2 b7, 20173e] Al oib] a9
510 nmollA] EF =S =439 91 0.1 M phosphate A= A Ao dizaol & nEFd e ETo] f94
buffer(pH 6.9)°] |3A]17] sodium taurodeoxycholate o7 & Ao YEIHOH(/X0.05) Hdx F2E H4FH2
hydrates ZFEZ 2 3to] AZslalivh gk fo] ARl atol= fle Ao R Yy iz F2ES
7] FAl o 5AS UERA] ke Aom sdE
%7“ 24
A% Ay= SPSS ver 12.0(SPSS Inc., Chicago, IL, = XA M2
USA)E o] &3t A AEstglon BE 54 3o o Table 4= LFd 2HE 2o]2 nZFY2HETZF]
3t W (mean)¥ ¥ XH(standard deviations, SD)E 4t 5 Fo 8% AF A2l ggk ddx FEEY AA &
E313leh AT 7] Fre)d> ANOVA test § T34 <1 #E Yetdla gtk 85 & Fd2HES 1ZH2EHE
ALE AEL X0.05 5|4 Duncan's multiple range 2lolof 93] G4 2o] ZT+(64.67 mg/dL)ol| WS 1
test® A AT gl 28 E(79.25 mg/dL)e] %k oH(/X0.05) Hdx F
%% AHARZ s = = ZY2HEL A4 Ao Uz
A o Zo02 vl thOH-1: 76.55 mg/dL, OH-2: 67.02
mg/dL). Y AHE AR 1 E Ao Fe 2SS
HE 2 Ao| M ZAaERT AYE FH2HES S7HE A= (X0.05) A
IFY2HE 22 LY EHEEFTS FEAT Wz 325 A3 E 24 1EE FU2HES FosHA

= = r =

ez Hdzx 225 27 AF 9 Ao dHd x|

G &FE Table 2 HEF AT AT Ak 4 =
s

F7PA7]3(K0.05) F7HE AR v Fe s ES
= ; F |
ngY e E Aol Qe we

°f el aaA dF el E R 29kE el
< om o= &7l &3 FFom YETH(IX0.05).

Table 2. Body weight gain and food intake of hypercholesterolemic rats treated with Opuntia humifusa extract

Hypercholesterolemic groups

Parameter N-control Hecontrol OL-1 Ol
Body weight gain (g/4 wk) 37.00+18.69" 104.30+17.19° 109.77+16.82° 101.63+6.58°
Food intake (g/day) 12.48+3.17" 12.3842.95 14.18+2.24 14.25+2.08

Values are mean+SD for 4 rats. Means with different superscript letters are significantly different at £<0.05 by Duncan's multiple
range tests.

NS: not significant.

N-control, normal diet group; H-control, hypercholesterolemic diet group; OH-1, Opuntia humifusa extract 2%-supplemented hyper-
cholesterolemic diet group; OH-2, Opuntia humifusa extract 4%-supplemented hypercholesterolemic diet group.

Table 3. Organ weights of hypercholesterolemic rats treated with Opuntia humifusa extract

Organ weight Hypercholesterolemic groups

N- |

(¢/100 g BW) contro H-control OH-1 OH-2
Liver 2.92+0.28" 4.14+0.41° 4.1240.24° 4.01£0.22°
Spleen 0.21+0.02" 0.27+0.03" 0.28+0.04" 0.27+0.03°
Kidney 0.73+0.05" 0.91+0.07" 0.94+0.12" 0.89+0.10°

Values are mean+=SD for 4 rats. Means with different superscript letters are significantly different at P<0.05 by Duncan's multiple
range tests.

N-control, normal diet group; H-control, hypercholesterolemic diet group; OH-1, Opuntia humifusa extract 2%-supplemented hyper-
cholesterolemic diet group; OH-2, Opuntia humifusa extract 4%-supplemented hypercholesterolemic diet group.
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Table 4. Serum lipid levels of hypercholesterolemic rats treated with Opuntia humifusa extract

Serum lipid Necontrol Hypercholesterolemic groups
(mg/dL) H-control OH-1 OH-2
Total-C 64.67+4.51° 79.25+4.79" 76.00£10.15™ 67.00£10.13%
TG 53.50+12.40™° 59.00+1.73 56.004+22.54 59.75+7.50
HDL-C 30.9042.23° 17.52+2.31° 22.14+4.02° 21.90+1.58°
LDL-C 24.23+1.36° 49.33+3.94° 42.66+2.24° 33.15+8.94°

Values are mean+SD for 4 rats. Means with different superscript letters are significantly different at P<0.05 by Duncan's multiple
range tests.

NS: not significant.

Total-C, total cholesterol; TG, triglyceride; HDL-C, HDL-cholesterol; LDL-C, LDL-cholesterol; N-control, normal diet group; H-con-
trol, hypercholesterolemic diet group; OH-1, Opuntia humifusa extract 2%-supplemented hypercholesterolemic diet group; OH-2,
Opuntia humifusa extract 4%-supplemented hypercholesterolemic diet group.

5= ALT 2 AST A= Table 69 HeERH AT 3+ 22 W9 & Ze2H =

Table 5= ALEULHE Aol= Az AHEIT] 7 I A AL aEUAHE Aol= Qle fofetA ok
T FHell qlo] 3F £ A%l F ALT 2 ASTol| o g O H(X0.05) Hdx FE=E AAR el &l oEa}o]
Adx FE=0] 345 dehlla slvk e =eE 2ol Have dEds Ykl

= Qla) 1k o] op|slo] A Ao] izl u]s) 1

Y& €% ALT(N-control: 21.50 U/L vs. H- BH U X 42 & g2E M
control: 37.67 U/L)¢} AST(N-control: 61.25 U/L vs. H- DEI2EHE Ao aZFHsHETE T F2H Fl
control: 80.67 U/L)7F Z7Fe A=l (#X0.05) o= Hdz FHAdx FEEC] W Ul A AR B HEatel v A
FEE AAR fgAaHE A4S Be|H(ALT: OH-1, 33.00 48k Table 79 YERAS

U/L; OH-2, 34.00 U/L; AST: OH-1, 67.50 U/L; OH-2, =
07 =9k=d(/X0.05

h
2l
74.33 U/L) 3t &2o] ¢std S YeERUH A ETA F2 ) Adx
FEES A Aeste] EWe s wjEA Y= 71 7t
ZF =E W XE 42 S AAEH Hdx FEE A FdsEHE dx
A WAL AR F FUzEHES S Al o woll vl 2 W T4 A 'FEake] #ol fejH e
&z sEE Aol g Adx FEE AA[ tiE E2 Foe HERHAE(XO0.05).

Table 5. Levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) as hepatic function parameter of hyper-
cholesterolemic rats treated with Opuntia humifusa extract

Hepatic function parameter Hypercholesterolemic groups
N-control
(U/L) H-control OH-1 OH-2
ALT 21.50+7.72° 37.67+4.51° 33.00+3.83° 34.00+9.00°
AST 61.25+2.22° 80.67+2.52° 67.50+7.85% 74.33+8.50"

Values are mean+SD for 4 rats. Means with different superscript letters are significantly different at £<0.05 by Duncan's multiple
range tests.

N-control, normal diet group; H-control, hypercholesterolemic diet group; OH-1, Opuntia humifusa extract 2%-supplemented hyper-
cholesterolemic diet group; OH-2, Opuntia humifusa extract 4%-supplemented hypercholesterolemic diet group.

Table 6. Total cholesterol (Total-C) and triacylglycerol (TG) levels of hepatic tissue of hypercholesterolemic rats treated with Opuntia
humifusa extract

Hypercholesterolemic groups

Hepatic lipid (mg/g liver N-control
P pid (mg/g ) H-control OH-1 OH-2
Total-C 1.73£0.14° 4.4340.59° 2.95+0.77° 1.96+0.02°
TG 17.1542.16" 33.88+8.38" 20.88+6.02° 17.83+1.46°

Values are mean+SD for 4 rats. Means with different superscript letters are significantly different at P<0.05 by Duncan's multiple
range tests.

N-control, normal diet group; H-control, hypercholesterolemic diet group; OH-1, Opuntia humifusa extract 2%-supplemented hyper-
cholesterolemic diet group; OH-2, Opuntia humifusa extract 4%-supplemented hypercholesterolemic diet group.
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Table 7. Total cholesterol (Total-C) and bile acid concentration from feces of hypercholesterolemic rats treated with Opuntia humifusa

extract
Hypercholesterolemic groups
Fecal parameter N-control
H-control OH-1 OH-2
Total-C (mg/day) 30.50+1.30" 142.74+10.91° 214.05+9.95° 200.95+3.87°

Bile acid (uM/day) 25.85+13.96"

37.07+10.24°

47.23+8.80° 47.93+1.93

Values are mean+SD for 4 rats. Means with different superscript letters are significantly different at P<0.05 by Duncan's multiple

range tests.

N-control, normal diet group; H-control, hypercholesterolemic diet group; OH-1, Opuntia humifusa extract 2%-supplemented hyper-
cholesterolemic diet group; OH-2, Opuntia humifusa extract 4%-supplemented hypercholesterolemic diet group.
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