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Abstract

Catfish oil,which is rich in essential fatty aciclsy be utilized as an alternative supplement soiutiThe
objective of this study was to analyze the effeft catfish oil intervention on the lipid profile and
malondialdehyde (MDA) levels of hypercholesterolenmale Sprague-Dawley rats. Four treatments were
applied in this study: negative control (Al), refinfish oil (A2), fish oil with omega-3 concentratéA3), and
fish oil with omega-3 concentrates and vitamin E)AThe results showed that catfish oil tendedeuce
cholesterol levels. Negative control group hadhighest value of lipid profile (58.3+9.93 mg/dL) ang other
groups. All intervention groups had very low MDAwes (Al: 0.616+0.071, A2: 0.835+0.223, A3: 0.83248D,

A4: 0.702+0.113 nmol/L), indicating that their MDAlues were still normal (<4nmol/L).
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1. Introduction

Hypercholesterolemia is a cholesterol metabolissordier caused by high cholesterol levels in theodlo
(Stapletonet al, 2010). This condition is also the main risk facfor coronary heart disease (CHD) and
atherosclerosis (Stapletat al. 2010; Onyeikeet al. 2012; Aronow 2013; Rantunet al. 2014). In addition,
previous study showed that hypercholesterolemigcateld a free-radical accumulation in the bodymight
stimulate lipid peroxidation and lead to oxidatistess, which can be determined by measuring ortheof
parameters i.e. malondialdehyde (MDA). One of tlaeises of hypercholesterolemia is the low intake of
essential fatty acids in the body due to unheddibjary pattern, obesity, and low physical actiitjalik et al.
2013).

Essential fatty acids play an important role in amnphysiological processes. They have been pravémate
anti-inflammatory and anti-atherosclerosis effettesides their effects on immunity and intelligenSeme
studies suggest that essential fatty acid defigiencthe body may affect brain function and mertahlth
(Mulder et al, 2014). Food sources containing high amount ofreégddatty acids are the ones of marine origin
(seafood)laut (Basmal, 2010). Seafood is known to be rich in car@dfatty acids, which is beneficial in
reducing triglyceride levels and blood pressurgdHBritt, 2004).

Besides fresh fish flesh, fish oil as the by prddafcfish-flour processing can also be an altexeatource of
essential fatty acids. Fish oil is known for itsega-3 and omega-6 contents, which are beneficidhdalth if
consumed as a supplement ( Mieisal, 2006). In line with this, earlier study also sugtgel that catfish oll
contained a high amount of polyunsaturated fatigsa¢PUFAs) and monounsaturated fatty acids (MUFAS)
(Srimiati, 2011).Several researchers stated that low content of arieg the body had a significant association
with hyperactivity, depression, aggression, an@otardiovascular diseases (Hibbetral,2006.

Therefore, it is necessary to provide food or aliiwve products as a solution for the availabibfyessential
fatty acids. One of the products that can be usdidh oil. It is a derivative product of fish prnozkd from the
extraction of fish flour or canned fish, which che produced either from seawater or freshwater fistnay
provide health and nutritional benefits (IriantodaBoesilo, 2007). Previous study stated that ttobadl
production of fish oil reached 1-1.25 million tgmer year (Pike and Jackson, 2010)

Potency development of freshwater fish oil increaaeng with the discovery of numerous studiesctviprove
that the oil's content has a great potential and guite competitive with seawater fish oil. Theshwater fish
commonly used in fish oil production is catfisbldrias gariepinu}. It is easily found in Indonesia and is one of
freshwater fish farming commodities, which is faarby people. Catfish production reached 758,45Sito
2013 with a mean increase of 47.21% from 2010s firedicted to keep increasing with a target prodocof
840,000 tons in 2014 (Direktorat Jenderal Perikaé®adidaya, 2013).
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The use of catfish as a raw material has a greenpal to be developed in the future. Catfishieiknown for
its high content of essential fatty acids, i.e.7%4.linoleic fatty acids (omega-6) and 1% linolefatty acids
(omega-3). In line with this, earlier study suggesthat fish oil had been proven to be benefi@alhealth due
to its omega-3, EPA and DHA contents (Mieisal, 2006). Catfish oil, a freshwater fish oil, is gicted to be
one of alternative supplements that competes withivater fish oil, which has been widely known atilized.

There has not been any scientific information sorégarding the effect of catfish oil consumption the
decreased blood cholesterol levels. Thereforeseareh on that issue needs to be conducted tozantiy effect
of catfish oil on lipid profile of people with hypeholesterolemia. The information is obtained byngs
experimental animals, i.e. male rats of SpragueiBywwstrain. This study aimed to analyze the eftdatatfish
oil intervention as an alternative source of esakbifatty acids, and to observe its effect on lipicbfile and
malondialdehyde (MDA) levels of male Sprague-Dawigg.

2. Material and M ethods
2.1.Design, Location, and Time of Study

This study was part of the major study entitled tfiSh (Clarias gariepinu¥ as An Alternative Supplement for
Alzheimer Prevention in The Elderly”. It was an ermental study conducted on male Sprague-Dawley ra
using randomized controlled trial (RCT) design. fishtoil was obtained from PT. Carmelita LestarggBr.
Male rats aged 6-7 months were acquired from Faailiveterinary Medicine, Bogor Agricultural Uniaty.
This study was conducted from March to Septemb&b20

Oil refining process was conducted in the Labosatmir Biochemistry, Department of Community Nutritio
Faculty of Human Ecology. Meanwhile, the nurturmfgexperimental animal and the intervention weneied
out in the Management Unit of Experimental AnimalPHL), Faculty of Veterinary Medicine. Lipid pradil
analysis was performed in Regional Health Laboyat®ogor; while serum MDA was analyzed in the
Laboratory of Biochemistry, Cipto Mangunkusumo Htalp Jakarta.

2.2. Materials
The materials used in this study were refined slatfil, NaOH, magnesol, omega-3 concentrate (K-Omkega
Squa), vitamin Ed-tocopherol), corn starch, fish flour, soybean meatonut oil, premix, NaCl, and Cag.O

2.3. Research Methods

This study was conducted in two phases. The finsisp was the preparation of intervention mate(i@tfish

oil) and experimental animals that were fed withhicholesterol diet. Catfish oil refining processsisted of
two phases, i.e. neutralization and bleaching. Bleaching was conducted in a temperature 8€5Estiasih,
2009). Vitamin E was then added into the refinedtoi protect it from oxidative damage during sta@ag
(Ngadiarti and Darmawan, 2014). Meanwhile, choledtéevels of rats as the experimental animals were
increased by feeding them with high-cholesterot. ditie diet formula was a mixture of corn starébh fllour,
soybean meal, egg yolks, coconut oil, premix, Na@kl CaC@(Hernawatiet al, 2013; Astuti, 2015). High-
cholesterol diet was given for two weeks (Gatnal, 2013)

The second phase was catfish oil intervention ole i8prague-Dawley rats, and the analyses of lipidilp and
MDA levels that were conducted after the intervemtperiod ended. The 2-week intervention was coteduicy
giving the catfish oil to the hypercholesterolen8prague-Dawley rats. Here is the order of intereoast
conducted in this study:

Al: Negative control;

A2: Catfish oil intervention;

A3: Intervention using catfish oil with concentragdition (omega-3 oil);
A4: Intervention using catfish oil, concentrate gxa-3 oil), and vitamin E.

In this study, the experimental animals were weighix times in each intervention phase. It was qrenéd
because body weight might affect the increase auledse in lipid profile. It was stated in earktudy that
there was an association between body weight,ytégide concentrations and high-density lipoprotein
cholesterol (HDL-c) concentrations (Hernaweittial, 2013) The first weighing was performed in acclimatization
phase, before the high-cholesterol diet was giwethé experimental animals. The second, third andth
weighing were conducted after the high-cholestdiel was given. The fifth and sixth weighing weerfprmed
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during the catfish oil intervention. Catfish oil svadministered orally for two weeks, in liquid fousing force-
feeding method A 1-ml catfish oil was given in edofte-feeding, and the analyses of rats’ lipidfitee (total
cholesterol, low-density lipoprotein cholesterolllfd, HDL-c, and triglycerides) were performed ore thext
day (Ganiet al,2013; Mona, 2014; Matsushitd al, 2008).

Blood sampling for lipid profile analysis was perfted by anesthetizing the rats using xylazine astdrkine
until they became unconscious. They were then cisdeand 2 ml blood was taken from the heart laygus 3-
ml disposable syringe. The blood in the syringe stased in ice container until ready to be analylmedlood
lipid profile (total cholesterol, LDL-c, HDL-c, anttiglycerides). Lipid profile and MDA levels wermnalyzed
by measuring rats’ serum with a spectrophotometarngavelength of 530 nm (Latifa, 2015).

2.4. Data Processing and Analyses
The data were processed by using Microsoft Exceélthen analyzed by SPSS version 16.0 for Windowg T
results were analyzed statistically by Analysi&/afiance (ANOVA).

3. Resultsand Discussion
3.1. Subjects’ Characteristics

Rats’ body weights were measured to determine ffeeteof high-cholesterol diet and catfish oil intention on
them. Based on weight measurement, the rats’ baadghts tended to increase when they were fed wgh-h
cholesterol diet. The mean increase of weight after feeding was 15.69%. Meanwhile, the mean weight
decreased by 1.85% due to catfish oil interventRmevious study showed that there was an assatibétween
body weight, triglyceride concentrations, and HDktancentrations (Hernawadt al, 2013). If the body weight
and triglyceride concentrations decreased, the ldBbncentrations tended to increase. HDL-c is ofedled as
good cholesterol, because it is a lipoprotein whiamsports the lipid from peripheral cells to thver. It also
has antioxidant properties, thereby preventing Lddxidation. Its low levels in the blood will inase the risk

of atherosclerosis and CHD.

3.2.Fatty Acid Content of Catfish Oil

High-quality fish oil is the one rich in fatty asidvhich are beneficial for health (Maulagtzal. 2014 [24]). Fatty
acid composition shows the potency of catfish siaasupplement. It provides information regardingaturated
fatty acid content in catfish oil products. Analyséesults of fatty acids contained in catfish odlrespresented in
Table 1.

The dominant fatty acids in catfish oil before after refining were not different. The dominantusated fatty
acids (SFAs) were palmitic and stearic acids. Towmidant MUFA was oleic acid, while the dominant PASF
were linoleic and linolenic acids. The highestyfattid content in catfish oil was oleic acid, 294.ih the crude
oil and 28.68% in the refined oil. Oleic acid isamsaturated fatty acid that is mainly found inetadle oils. It
is also the most common unsaturated fatty acid apdecursor for the production of most PUFAs (Gamil
2009). Meanwhile, linoleic and linolenic acids assential fatty acids needed by the body. Catfiistontained
0.39% linolenic acid (omega-3) and 11.17% linokitd (omega-6).

3.3. Rats’ Serum Lipid Profiles (Total Cholestemiglycerides, HDL-c, and LDL-c)

Lipid profile was analyzed to determine the effetintervention on the conditions of the experina¢m@nimals.

It was short-term descriptions related to dietamipke (Murdiatiet al, 2010) The bonds between lipids and
proteins may form lipoprotein. Based on its comfosj density and mobility, it can be divided into
chylomicrons, very low density lipoprotein (VLDL),DL and HDL. Each type of lipoprotein has different
functions, and it is broken down and excreted stightly different way (Adam, 2009). The resultsrafs’ serum
lipid profile (total cholesterol triglycerides, HBt and LDL-c) analyses were presented in Table 2.
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Table 1 Fatty acid content of catfish oil ( Alams, 2016)

Fatty Acids Before After
refining %(w/w) refining %o (w/w)
SFA 25.13 24.01
Palmitic Acid, C 16:0 19.61 18.68
Stearic Acid, C18:0 4.17 4.05
Myristic Acid, C14:0 0.58 0.54
Lauric Acid, C12:0 0.22 0.19
Pentadecanoic Acid, C15:0 0.16 0.16
Heptadecanoic Acid, C17:0 0.12 0.12
Arachidic Acid, C20:0 0.12 0.12
Behenic Acid, C22:0 0.08 0.08
Lignoceric Acid, C24:0 0.03 0.03
MUFA 33.27 32.73
Oleic Acid, C18:1n9c 29.17 28.68
Palmitoleic Acid, C16:1 3.42 33
Cis-11-Eicosenoic Acid, C20:1 0.59 0.55
Myristoleic Acid, C14:1 0.05 0.05
Nervonic Acid, C24:1 0.03 0.03
Elaidic Acid, C18:1n9t 0.01 0.12
PUFA 22.27 11.74
Linoleic Acid, C18:2n6c¢ 9.11 8.7
y-Linolenic Acid, C18:3n6 1.42 1.39
Arachidonic Acid, C20:4n6 0.58 0.57
Cis-8,11,14-Eicosatrienoic Acid, C20:3n6 0.54 0.51
Cis-4,7,10,13,16,19DocosahexaenoicAcid, C22:6n3 0.36 0.33
Cis-11,14-Eicosadienoic Acid, C20:2 0.19 0.18
Cis-5,8,11,14,17-Eicosapentaenoic Acid, C20;5n3 0.07 0.06
Total 70.67 68.49
Table 2. Lipid profile of Sprague-Dawley Rats
Total
Type of intervention cholesterol Triglycerides HDL-c LDL-c
Negative control (high-cholestero] 58.3+9.93 156.00+47.65 42.67+11.43 12.67+7.28
diet)
Catfish oll 55.00£11.5 101.17+£59.55 39.17+9.37 08590
Catfish oil + omega-3 concentrate ~ 56.60+4.34 1177882 36.20+4.15 11.00£3.39
Catfish oil + omega-3 + vitamin E| 57.83+11.21 13362.89 54.67+39.32 9.67+4.07

Based on the analysis results of rats’ lipid peofit Table 2, it could be seen that catfish oikiméntion had a
tendency to decrease rats’ total cholesterol levelwas indicated by the decrease in total chelestlevels,
from 77 mg/dL before intervention to 58.3+9.93 nig&dter the intervention. Moreover, the tendencyaffish
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oil to suppress the increase in cholesterol lewels indicated by mean total cholesterol levelshefrats in the
negative control group, which had the highest vdh&3+9.93 mg/dL) among the ones in other intetioen
groups. These findings were consistent with themestudy, which reported that catfish oil had aidity to
suppress the increase in cholesterol levels inbthdy (Srimiati, 2016). Nevertheless, the statistaaalyses
indicated that there was no significant differeipe0.05). In this regard, the previous study sutggkshat in
normal and healthy individual, the body was abledntrol cholesterol synthesis so that the chalesfool in it
was always relatively constant (Murdiatial,2010). This phenomenon was thought to occur instudty; thus,
the rats tended to maintain their cholesterol withie normal levels. Biological factors, in whicBL receptors
increased due to cholesterol diet intervention frautside the body, were also thought to affectabguired
results. Several researchers suggested that theggothe rats, the higher the chances of mortadity vice
versa (Wongso dan Iswahyudi, 2013). Thereforegitid be presumed that older rats were more likelidve
low sensitivity to intervention, thereby affectitite results of the study. Other researchers statdhere were
no significant differences in the effect of oleindalinoleic acids on HDL-c concentrations (Thijssand
Mensink, 2005).

3.4 Sprague-Dawley Rats’ Serum Malondialdehyde Levels

Addition of vitamin E ¢-tocopherol) in fish oil products aimed to preveridation that might lead to decreased
quality of fish oil; and to observe the effectiveaeof the antioxidants on rats’ MDA levels. Low iaridant
levels might increase lipid peroxidation produatstsas MDA (Siswanto and Purwaningsih, 2012) MDA wa
one of the most commonly used biomarkers and felimbproviding an overview of oxidative stresscimical
situations (Gierat al, 2012). Meanwhile, vitamin E was the antioxidasédi in fish oil in this study. Previous
study reported that it was the most effective addi@ant that could be used on animals (Musalraghl, 2002).
The results of rats’ serum MDA analysis were présgim Table 3.

Table 3.Rats’ MDA levels

Type of Intervention Mean MDA levels+SD (nmol/L)
Al (negative control) 0.616+0.071

A2 (catfish oil) 0.835+0.223

A3 (catfish oil + concentrate) 0.832+0.160

A4 (catfish oil + concentrate + vitamin E) 0.702+3

Table 3 showed the results of Sprague-Dawley MBA levelsthat received different interventions.d8d on
the results, it was known that the MDA levels weeey low, but still within the normal value. Thigding was
supported by earlier study suggesting that MDA llevas defined as normal if it was less than 4 nimol/
(Siswanto dan Purwaningsih, 2012). ANOVA resulddidated that there was no significant differencé/iDA
levels between the intervention groups, with aificance value of 0.085 (p<0.05). Most of the¢ocopherol in
rats is transported through cholesterol; i.e. 7@%&hrough HDL-c, 18%-22% through LDL-c and lesarth
8% through VLDL. If it is associated with cholesiemetabolism as described in other studies (K@i@85) in
Yuliani et al, 2002), rats have high fractional catabolic rald=y can clean 6r'.kg’of their LDL-c contents
(10 times larger than human). Thus, their LDL-celsvin serum are decreased and affecting theims&DA
levels. As an oxidation product of radical oxyg@eaces (ROS), MDA gives an overview of the damdgs t
may occur if the antioxidants in the body canngiecwith the increased amount of oxidants.

Our study showed that MDA levels in all intervemtigroups were not significantly different, indicagithat the
body’s antioxidants can still overcome the increéaR©S. In addition, carotenoids contained in chtég were
also presumed to act as antioxidants. Earlier rekeiadicated thap-carotene could increase the activity of
antioxidant enzyme (catalase) in acetaminopheneeduats (Morakiny@t al 2012). Carotenoids are thought
to act as antioxidants, because these compound$ncezase gene expression of antioxidant enzymes (e
catalase) and superoxide dismutase (SOD) by iriage#se amount of MRNA (Juni@t al, 2012).

4. Conclusion and Recommendations

Catfish oil supplementation is considered poteritialowering cholesterol levels. It can be concldidgy the
lipid profile values of all intervention using ciati oilrats tend tolowering cholesterol levelshaligh it is not
significantly significant.All intervention groupsad very low MDA values (Al: 0.616+0.071, A2: 0.885223,
A3: 0.83240.160, A4: 0.702+0.113 nmol/L), indicaithat their MDA values were in normal value (<4riap
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Clinical studies on catfish oil as a source of @itants are still needed to analyze the effecardfoxidants
contained in catfish oil on human, especially itamin E content.
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