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This study was conducted to investigate the effects of Opuntia hunifusa supplementation on lipid per-
oxidation and superoxide dismutase (SOD) protein expression at resting state in various organs of rats
fed a high-fat diet. Sixteen Sprague-Dawley male rats, 6 weeks of age, were randomly divided into
two groups: a control diet group (CG, 77=8) and an experimental diet group (EG, 7=8). They were giv-
en a high-fat diet (CG) or a diet supplemented with 5% of O. Aumifusa (EG) for 8 weeks. The results
showed that the malondialdehyde (MDA) levels of the kidney and the liver were significantly lower
in the EG group than in the CG group (p<0.01). In addition, the MDA levels in the skeletal muscle
of the EG group tended to be lower than those in the CG group, but this difference was not
significant. The Cu, Zn-SOD protein expression in the kidney of the EG group was significantly in-
creased compared with that of the CG group (p<0.01). The Mn-SOD protein expression in the skeletal
muscle of the EG group was significantly increased compared with that of the CG group (p<0.01).
These results suggest that O. humifusa supplementation has antioxidative properties, which are exerted
in a specific organ manner, and that it inhibits the action of lipid peroxidation and the expression
of SOD in rats fed a high-fat diet.
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Introduction

Reactive oxygen species (ROS) are occurred even in nor-
mal cell and these ROS are closely related to diabetes, hyper-
tension and renal dysfunction. In particular, it is well docu-
mented that ROS are susceptible to react with poly-
unsaturated fatty acid (PUFA) and increases lipid perox-
idation which induces oxidative damage to cell membrane
[20,36].

In addition, previous studies reported that chronic high
fat diet supplementation caused increment of ROS in various
organs due to induced the metabolic disorder such as obe-
sity, diabetes and hypertension, etc. [1,25]. However, to ef-
fectively scavenging ROS and to protect the body against
oxidative stress, humans have evolved a highly sophisticated
and antioxidative protection system which included anti-
oxidants such as glutathione, flavonoids, and [-carotene,
and antioxidant enzymes such as superoxide dismutase
(SOD), catalase (CAT), and glutathione peroxidase (GPx)
[11,22,28,35].
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Cactus, which is exist varying of approximately 4,000
kinds in the world, is very adaptable in the semi-arid re-
gions, and is widely used as a supplemental source of carbo-
hydrate and vitamins. In particular, Opuntia humifusa is a
member of cactaceae family that has been cultivated in cold
environment down below -20C [10]. However, previous
studies reported that Opuntia ficus-indica, which is same
member of cactaceae family, has many abundant nutritional
factors such as calcium (Ca), sodium (Na), magnesium (Mg),
zinc (Zn), and ferrous (Fe) [8,13,32]. Many studies reported
that O. ficus-indica have a crucial role for anti-inflammatory
[24], lowering blood glucose level [15,34] and anti-ulcerous
effect [9]. However, few studies have been reported on phys-
iological role of O. Aumifusa which is a similar to O. ficus-ind-
ica that contains a lot of minerals and vitamins addition to
a lot of antioxidants such as flavonoids. In addition, there
have not been reported that the protective effects of O. Aumi-
fusa supplementation on antioxidative acitivities due to high
fat diet-induced oxidative damage in vivo in spite of in-
creased radical scavenging activity in vitro [5].

Therefore, we investigated that the effects of O, humifusa
supplementation on lipid peroxidation and SOD protein ex-

pression in various organs of rats fed a high-fat diet.
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Materials and Methods

Experimental animals and diets

Sixteen, 6 weeks old Sprague-Dawley rats weighing 230-
250 g were purchased from Samtaco Bio Korea (Hwaseong,
S. Korea). The rats were divided into two groups (CG:
high-fat diet group, n=8, EG: O. hunifusa supplemented diet
group, n=8), given free access to tap water and diet for 8
weeks, and housed in groups of two per cage under con-
trolled temperature (23+1°C) and relative humidity (50+5%).
The light/dark cycle was automatically controlled
(alternation 12-h periods) and lighting was begun at 8:00.
At the end of the experimental period, the rats were anes-
thetized with ether after overnight fasting. Liver, kidney and
soleus muscle were collected, and all samples were stored
at -70C until analyzed. All studies were approved by
Animal Studies Committee of Sunmoon University.

The O humifusa, which was harvested in Asan,
Chungnam, were washed cleanly and blended using a blen-
der HMF-31505 (Hanil Electronics, Korea). After blending,
the O humifusa was frozen in a freezer at a temperature of
-70C and then freeze-dried in a dryer (Ilshin Co,
Korea). Thus, the component analysis of O. humifusa was
performed by Eco-Bio Korea (Buchen, Korea), and the result
was shown in Table 1. The composition of the high-fat diet
was composed of 20% protein, 48% carbohydrate and 20%
fat which is modified as previous study [16] was based on
AIN-76G and 5% O. humifusa diet was made by substituted
for a portion of carbohydrate, protein, fiber, and fat compo-
nents of control diet as a experimental diet.

Biochemical analysis
Malondialdehyde (MDA) levels in liver, kidney and skel-

Table 1. Nutritional contents of O. humifusa

Ingredient Contents
Moisture (%) 2.89
Ash (%) 13.80
Calorie (kcal/100 g) 290.98
Carbohydrate (g/100 g) 46.56
Crude protein (g/100 g) 491
Crude fat (g/100 g) 3.06
Fe’ (mg/g) 5.76
Ca** (mg/100 g) 2931.30
Mg (mg/100 g) 1227.90
K" (mg/100 g) 2155.50
Na" (mg/100 g) 30.90
P (mg/100 g) 653.20

etal muscle were determined colorimetrically using thio-
barbituric acid according to the method of Buege and Aust
method (1978). Briefly, tissues were homogenized with sal-
ine and then centrifuged at 8,000% g for 5 min. The super-
natant was added to thiobarbituric acid (TBA)-HCI reagent.
The mixture was then placed in a boiling water bath for
15 min at 100C. After cooling on ice rapidly, the protein
precipitate was removed by centrifuging at 10,000 g for 5
min, and the absorbance of the upper supernatant fraction
was read at 535 nm. MDA values were calculated using mo-

lar extinction coefficient, and expressed as ymol/g weight.

Western blot analysis

Liver, kidney and skeletal muscle were homogenized on
ice with a polytron homogenizer in 19 volumes of 20 mmol/1
Tris-HCl buffer (pH 7.5) containing 5 mmol/1 EDTA, 2
mmol/]1 PMSF, protease inhibitor cocktail (Sigma, St Louis,
MO). The homogenates were centrifuged at 1,200x g for 10
min and then the supernatant was collected and recentri-
fuged at 10,000 g for 10 min. The supernatants were used
for Cu,Zn-SOD protein expression. The pellets were re-
suspended in homogenizing buffer and used for Mn-SOD
protein expression. Protein concentrations were determined
by the use of a Bradford reagent from Bio-Rad, with bovine
serum albumin as the standard. All protein extraction proce-
dures were conducted at 4C. An aliqout of tissue extract
containing 20 pg of protein was mixed with an equal volume
of Laemmli buffer, heated at 100C in heating block for 5
min, and subjected to sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis along with a mixture of mo-
lecular-weight standards from Bio-Rad (Hercules, CA). After
electrophoresis, the proteins were transferred to a PVDF
(polyvinylidene difluoride) membrane (Bio-Rad) in a Mini
Transfer-Blot electrophoretic Transfer cell (Bio-Rad). After
treating with blocking buffer (PBS containing 10% Skim
milk) for 90 min at room temperature, the membranes were
incubated with primary polyclonal antibodies for 2 hr at
room temperature. These included anti-SOD1 (Santa Cruz,
CA) and anti-SOD2 (Santa Cruz, CA). The antibodies were
raised in goat against the rat isoforms of the above proteins.
The membrane was then incubated with horseradish perox-
idase-conjugated secondary antibodies, which were anti-goat
IgG and anti-rabbit IgG (Santa Cruz, CA), as appropriate,
for 1 hr at room temperature. The target proteins were de-
tected by an enhanced chemiluminsce kit (GE, USA). The
films were photographed and the protein bands of interest



were quantified with the band analyzer software (Bio-Rad,
USA).

Statistical analysis

All data were analyzed using SPSS software (version 16.0
for Windows). Data are expressed as the mean+SE, and val-
ues were analyzed by the independent samples t-test.

Significance was defined as a=0.05.

Results and Discussion

As shown in Fig. 1, the MDA contents of the EG group
were significantly lower than that of the CG group in kidney
and liver (p<0.01; Fig. 1A and Fig. 1B, respectively). Also,
the MDA level in the soleus muscle of the EG group was
tended to have lower than that of the CG group, but no
significant difference. Many studies reported that high-fat
diet induces MDA levels in tissue of rat compared to normal
diet [1,2]. Of these, Noeman et al. (2011) reported that MDA
levels of kidney and liver in high fat diet rats were sig-
nificantly increased compared to normal diet rats. In partic-
ular, lipid peroxidation leading to renal injury is occurred
via abnormal renal lipid accumulation that induces im-
balance between lipogenesis and lipolysis and furthermore
leading to systemic metabolic abnormalities [18]. In addition,
dyslipidemia with high-fat diet also induces hepatic lipid
peroxidation due to the increased triacylglycerol and in-
creased influx of excess the non esterified fatty acid (NEFA)
into the liver [12]. In fact, the blood triglyceride concen-
tration of CG group was significantly increased compared
to EG group (36.0£2.69 mg/dl vs 18.0+3.07 mg/dl, p<0.05)

However, in this study, we found that MDA levels of kid-
ney and liver were significantly decreased by the O. fumifusa
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supplementation and similar trend are shown in skeletal
muscle. As written in above, it is well known that O. Aunifu-
sa contains a lot of antioxidant such as a quercetin, etc [5,8].
In fact, Cho et al. (2006) reported that O. fuumifusa treatment
showed potential ROS scavenging effects in in vitro and
these effects are may be due to quercetin and its derivatives
of O humifusa. However, physiological role of antioxidative
capacity of O. humifusa are yet controversial in viva

As shown in Fig. 2, the renal Cu,Zn-SOD protein ex-
pression of EG group was significantly higher than that of
the CG group (p<0.01; Fig. 2A). Also, the hepatic and muscle
Cu,Zn-S0D protein expression of the EG group was tended
to have higher than that of the CG group in spite of no
significant differences. SOD is one of the antioxidant en-
zymes that superoxide radicals reduce to H,O, and water
and used as a oxidative stress marker in cell [29]. Many stud-
ies reported that quercetin present in O. fumifusa which is
contains a number of phenolic hydroxyl groups that have
strong antioxidant activity [21,33] than other antioxidant nu-
trients such as vitamin C, E and B-carotene [27]. In fact, quer-
cetin has a powerful antioxidative capacity. For example,
Renugadevi and Prabu (2010) reported that rats received dai-
ly 50 mg/kg BW of quercetin treatment for 4 weeks in-
creased SOD activity and vitamin C and vitamin E levels
in kidney. Similar to our results, Liu et al. (2010) reported
that the quercetin treatment for 10 weeks in lead-induced
hepatic damaged rats increased Cu,Zn-SOD activity of
kidney. In the present study, O. Aumifusa supplementation
effects on Cu,Zn-SOD protein expression of kidney due to
flavonoids such as quercetin and its derivatives. However,
Cu,Zn-SOD protein expressions of liver and skeletal muscle
were not shown significant effects. Previous studies reported

that concentrations of quercetin are differ with the various
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Fig. 1. Effect of O. humifusa supplementation on the MDA contents in organs (A, kidney; B, liver, C, soleus muscle). CG, High
fat diet group; EG, O. humifusa supplemented group. *Significantly different between CG and EG groups; Values are meanSE;

**p<0.01 are compared with CG group.
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tissues even though oral supplemented in rats or pigs [3,7].
Bieger et al (2008) reported that the highest levels of querce-
tin are shown in kidney and relatively lowered in liver and
skeletal muscle fed a 50 mg/kg/day of quercetin for 4 weeks
in rats. Therefore, increased Cu,Zn-SOD protein expression
maybe affected by the increased quercetin level in the kid-
ney tissue by the supplementation of O. humifusa

As shown in Fig. 3, the Mn-SOD protein expression of
EG group on the soleus muscle was significantly higher than
that of the CG group (p<0.01; Fig. 3C). And the Mn-50D
protein expression in the kidney and liver of the EG group
was tended to have higher than that of the CG group, but
no significant difference.

Excess dietary fat induced obesity maybe affect on the
development of mitochondrial dysfunction, as supported by
a recent study showing down regulation of genes involved
with oxidative phosphorylation and mitochondrial bio-

genesis in response to high-fat feeding [30]. Sreekumar et

al. (2002) reported that the high-fat diet decreased anti-
oxidant enzyme activities, result in decreased Cu,Zn-SOD
and Mn-SOD mRNA levels of skeletal muscle. However,
Davis et al. (2008) reported that quercetin feeding of 25
mg/kg for 7 days effect on increased mitochondrial function
through increased in sirtuin 1 (SIRT1) and peroxisome pro-
liferator-activated receptor- y coactivator (PGC-1a) gene ex-
pression associated with mitochondrial biogenesis and in-
creased mitochondrial DNA (mtDNA) in skeletal muscle
and brain. In the present study, flavonoids such as quercetin
in O. humifusa may be effect on mitochondrial function si-
multaneously with increased Mn-SOD protein expression in
skeletal muscle.

From these results, it was suggested that O. Aunifisa sup-
plementation has a positive effects on antioxidative proper-
ties in a specific organ manner that inhibitory action of lipid
peroxidation and expression of SOD in rats fed a high-fat
diet.
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Fig. 2. Effect of O. humifusa supplementation on Cu/Zn-SOD protein expression tin organs (A, kidney; B, liver, C, soleus muscle).
CG, High fat diet group; EG, O. humifusa supplemented group. *Significantly different between CG and EG groups; Values
are meantSE (% of CG); ** p<0.01 are compared with CG group.
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Fig. 3. Effect of O. humifusa supplementation on Mn-SOD protein expression in organs (A, kidney; B, liver, C, soleus muscle).
CG, High fat diet group; EG, O. humifusa supplemented group. *Significantly different between CG and EG groups; Values
are meaniSE (% of CG); ** p<0.01 are compared with CG group.
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