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Abstract: Tocotrienol rich fraction (TRF) from palm fatty acid distillate (PFAD) was examined its ability to
protect liver from lipid peroxidation induced by thermally oxidized frying oil. Six groups of rats were treated by
TRF 0, 25, 50, and 75 mg/kg bw/day and commercial vitamin E at dose of 75 mg/kg bw/day. The normal rats
was used as a control group. Hepatoprotective effect of TRF was measured by liver malondialdehyde (MDA)
level, superoxide dismutase activity, catalase activity, and hepar histopathology. The results showed that TRF
from PFAD was effective antioxidant to protect liver from peroxidation, indicated by decreasing liver MDA
level, increasing liver SOD activity, and increasing liver catalase activity, as well as impairment in hepatocytes
after TRF force feeding. The effective dose of TRF was 50 mg/kg bw/day. At higher dose (75 mg/kg bw/day)
TRF caused highest average number of hepatocellular degeneration and revealed more pronounce oxidative
damage than TRF dose of 50 mg/kg bw/day. At lower dose (25 mg/kg bw/day) TRF was not effective to
prevent liver from lipid peroxidation. TRF was more effective as hepatoprotector than commercial vitamin E.
Keywords: tocotrienol, hepatoprotector, peroxidation, MDA, SOD, catalase, histopathology.
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Introduction
Lipid oxidation products in the froms of free radicals are usually related to some diseases1,2. Oxidative
degeneration almost has a role on disease pathology such as atheroschlerosis, ischaemic heart disease, and
traumatic brain damage. Oxidative stress also acts in protein and DNA damages3,4,5 that obstructs cell main
structure and functions and contributes to some degenerative diseases such as cancer and premature aging6,7.
Unconciuously, human being often consume lipid oxidation products from oxidized foods.
Basically, human body has antioxidant defense mechanism such as superoxide dismutase (SOD),
glutathion peroxidase, and catalase, as well as non enzymatic antioxidants such as vitamin E and vitamin C8, 9, 10.
Enzymes and antioxidants have a role to reduce free radicals that produced naturally from human body. In
oxidative stress condition, human body needs additional antioxidant exogeneously form foods.
One of the vitamins that has an important role in inhibiting oxidative stress is vitamin E4, 11-15. The most
consumed vitamin E that serves as antioxidant is α tocopherol. Alfa tocopherol has been produced
commercially as food supplement. Other types of vitamin E that reveal better antioxidant activity in the body are
tocotrienols.
One of the sources of tocotrienols that has not been explored extensively is palm fatty acid distillate
(PFAD). Physical palm oil refining to obtain edible palm oil includes degumming, bleaching, and dedorization.
Dedorization step produces a by-product that is known as PFAD. The main component of PFAD is free fatty
acids, and other minor components are oxidation products and health beneficial bioactive compounds that
comprises of tocopherol, tocotrienols, phytosterols, and squalene. According to Liu et al 16, PFAD contains
tocopherol and tocotrienols 0,7-1%. It is well kown that palm oil is a potential source of tocotrienols compared
to other sources such as rice bran17, grape seed12, red rice bran18, olive oil19, and sea buckthorn berry20. Palm oil
is different to other vegetable oils because the main vitamin E in crude palm oil is tocotrienols (83%) and the
remaining is tocopherol (17%)21. So far, the sources of tocotrienols are still limited, therefore PFAD utilization
as a source of tocotrienols is important to explore.
The study of Hakim22 and Hanani23 showed that tocotrienols are able to be separated from PFAD by low
temperature solvent crystallization. This technique is simple and able to simultaneously produced liquid soap
and tocotrienol rich fraction (TRF). The exellency of tocorienols compared to tocopherol is higher ability to
inhibit liver cell microsomal and mitochondrial peroxidation, as well as to reduce oxidation of
dioleoylphosphatidylcholine liposomes better than tocopherols24, 25. Liver peroxidation is very dangerous to
hepatic cell because oxidative stress and lipid peroxidation have been related to several types of liver injuries26,
27
.
This study was objected to assess the ability of TRF from PFAD in protecting liver from peroxidation that
induced by thermally oxidized frying oil. In this study, hepatoprotective effect of TRF was measured by liver
malondialdehyde (MDA) level, superoxide dismutase activity, catalase activity, and hepar histopathology.

Materials And Methods
Materials
PFAD was kindly obtained from a palm oil refinery, PT Salim Ivomas Pratama, Surabaya. Chemical
reagents used to separate TRF from PFAD was KOH (technical grade), ethanol (technical grade), ascorbic acid,
hexane (technical grade) (Bratachem). Reagents used for analysis was H2O2, NBT (Nitro Blue Tetrazolium),
EDTA, SOD, akuabides, Na-thiol, MDA, metaphosphoric acid, NaCl, sodium nitroprusside, DTNB,
paraformaldehyde, PBS, paraffin, hematoxyllin, eosin, benzene, methanol, BaCl2, FeSO4, H2O2, ammonium
cloride, BaSO4 (Merck), and feed from Comfeed PARS that mixed with wheat flour, thermally oxidized frying
oil with peroxide value of 102.3 meq/kg, methanol (HPLC grade),  tocopherol (Nacalai, Japan), , , , 
tocotrienols (Santa Cruz, USA), NaOH (Merck), filter paper, Whatman No. 1 filter paper, and commercial
vitamin E supplement.

Teti Estiasih et al /Int.J.PharmTech Res.2013,5(4)

1681

Tocotrienol Rich Fraction Preparation
Tocotrienol rich fraction (TRF) was prepared according to the method of Ahmadi28. Analysis of
tocopherols and tocotrienols in TRF was refered to method of Ball29 by using HPLC (Shimadzu LC20AT) with
VP-ODS column (4.6 mm  25 mm), detector UV (SPD 20A). TRF were diluted in methanol at concentration
of 1000 ppm and this solution was sieved by milipore 0.4 m. The solution was injected in the volume of 100
L. The mobile phase was methanol:water 95:5 and the flowrate was 1 ml/min. Each standard of vitamin E
was injected into HPLC column separately for identification and quantification.
Hepatoprotective Effect Assay
Male Sprague Dawley rats were adapted into laboaratory enviroment for a week and then divided into 6
groups that each group comprised of 4 rats. Lipid peroxidation was induced by force feeding 2 mL/rats
thermally oxidized frying oil with peroxide value of 102 meq/kg everyday during adaptation and experiment.
Each groups of rats were force fed by TRF in the doses of 0, 25, 50, and 75 mg/kg bw/day. In comparison,
commercial vitamin E was force fed in the dose of 75 mg/kg bw/day into peroxidation induced rats and a group
of normal rats was used as a control. During adaptation and experiment, rats were fed by standard feed of
Comfeed PARS that mixed with wheat flour30, and this feed had composition of moisture 12%, protein 11%, fat
4%, fiber 7%, as 8%, Ca 1,1%, phosphor 0,9%, and antibiotic.
At the end of experiment (day 28th), the rats were anaesthesized and the liver was taken out to examine
for analysis of MDA level, SOD, and catalase activities, and histopathology. Data was analyzed by analysis of
variance and least significant difference to know the difference among treatments at α level of 0.05. This study
protocol had been approved for ethical clearance No. 87-KEP-UB from Animal Care and Use Committee,
Brawijaya University.
Liver Malonaldialdehyde (MDA) Level Analysis31
Homogenized liver tissue (400 μL) was mixed with TCA 10% and incubated for 15 min at 4C, and after
that the mixture was centrifuged at 200 g for 15 min at 4C. Free protein supernatant of 1 μL was added by 1
ml of fresh TBA reagent, homogenized and incubated in the water bath with temperature of 60C for 1 h. The
absorbance of the mixture was measured at 532 nm and lipid peroxidation was expressed as ng MDA/ml
supernatant.
Liver SOD Activity Assay32
SOD activity was measured as autooxidaton of hydroxylamine at pH 10.2 followed by NBT reduction,
and the resulted nitrite in the existence of EDTA was detected colorimetrically. One unit of SOD activity meant
as the amount of protein in the 100 μl of 10% serum required to inhibit as much as 50% of 24 mM NBT
reduction and expressed as unit/ml.
Catalase Activity Assay32
Catalase activity was measured by determining decomposition of H2O2 at 240 nm in phosphate buffer.
One unit of catalase meant the amount required for 1 mM H2O2/min/mg protein reduction at 37C. Catalase
activity was expressed as μmol H2O2/ml supernatant.
Liver Histopathological Analysis33
Histopathological examination of liver was refered to method of Sun et al.33. Each rat was anesthetized
with chloroform. A piece of liver tissue (1 g) was dissected from the central lobe and immersed in 4%
paraformaldehyde in PBS. The tissue was fixed at room temperature for 48 h before being embedded in
paraffin. Tissue sections (6 mm) were cut on a microtome, and slides were delipidated and rehydrated by
passing through graded alcohols. Specimens were stained with hematoxylin and counterstained with eosin using
standard protocols. The slides were mounted with xylene and covered with a cover slip. Histologic assessment
of the liver sections was carried out independently by one expert. A grading scale of 1–5 was used with 1
indicating no abnormal histologic structure observed and 5 indicating the greatest degree of altered histologic
structure present. Abnormalities were based primarily upon the presence of altered general hepatic lobule
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architecture and the presence and extent of steatosis within the liver acinus. The following grading scale was
used for each of the treatment groups:

1. Hepatic lobules are observed, demonstrating a radial arrangement of hepatic plates from the central vein with
nominal branching. Sinusoids are regular between the hepatic plates. Hepatocytes show centrally located
nuclei and no evidence of steatosis.

2. Hepatic lobules are observed, but the radial arrangement of the hepatic plates from the central vein is less
distinct. Branching of the hepatic plates is more apparent and sinusoids may show dilation. Hepatocytes
stained lightly with large central nuclei. No evidence of steatosis.

3. Hepatic lobules are apparent, but the radial arrangement of hepatic plates from the central vein is disordered
with extensive branching of the hepatic plates. Sinusoids appear dilated but rarely vesicular. Small lipid
droplets are present, occasionally in isolated groups of the liver acini.

4. Some organized hepatic lobules are apparent, but many show disorganization of the radial arrangement of the
hepatic plates due to branching. Moderate steatosis is present in at least 50% of the liver acini. The steatosis
appears as small lipid inclusions. Sinusoids appear dilated and occasiona to lly vesicular. Some hepatocytes
appear hypertrophied.

5. Disruption of the hepatic lobule organization is observed. Extensive steatosis is present in most of the liver
acini. Sinusoids are dilated and frequently vesicular. Hepatocytes are hypertrophied with large, pale-staining
nuclei.
Hepatocellular degeneration was counted for every fileds of view of each specimen. The data from the
number of cells degeneration was analyzed by anaysis of variance and least significant difference to know the
difference between treatments.

Results And Discussion
Composition of Tocotrienol Rich Fraction
The composition of vitamin E in this study was similar to that reported by Ahmadi et al.34, that TRF
composition was α tocopherol 37.38%, α tocotrienol 10.73%, γ tocotrienol 20.67%, and δ tocotrienol 31.25%
with vitamin E concentration of 13.01% (230.1 mg/g) or 343.43 IU/g. This study also used commercial vitamin
E as a comparison, with vitamin E comprised of d-α-tocopherol. The concentration of α tocopherol in that
commercial vitamin E was 100 IU or 67 mg per soft capsule.
Liver MDA Level
Decomposition of lipid hydroperoxides leads to a wide variety of end products, one of which is
malondialdehyde (MDA), which is now accepted as a reliabe marker of lipid peroxidation35, 36. Liver MDA level
is a by-product of lipid peroxidation37 and is generated by oxidative attacking on membrane phospholipids and
circulating lipids38. MDA is a parameter for antioxidant status and a marker for lipid peroxidation in the liver.
Hepatoprotective effect of TRF was shown by the ability to inhibit lipid peroxidation in the liver that
indicated by lower MDA level. Control group had similar liver MDA level to that of group force fed by TRF 0
and 25 mg/kg bw/day. In this experiment, control group showed the highest MDA level, altough statistically
this level was not different to TRF 0 mg/kg bw/day or non TRF treated-lipid peroxidation group. Presumably,
high MDA level in the liver of control group related to many factors that affecting oxidative stress such as
physiological conditions that led to rapid metabolism and producing high rate of reactive oxygen species.
Thermally oxidized frying oil had high peroxide number. Oxidized oil is a source of lipid hydroperoxides.
Liver has a function for lipid metabolism and involved in metabolism of lipid peroxidation from ingested
thermally oxidized frying oil. According to Richardson et al.39 the lipid peroxidation assay measures
malondialdehyde, a by-product of lipid peroxidation, and can be used as a quantitative measurement of the
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extent of oxidative damage an organ. Oxidative stress in the liver is a consequence of increased production of
free radicals and decreased capacity of antioxidant defense systems in hepatocytes40.

Figure 1. Liver MDA level of groups of rats treated by various doses of TRF and commercial vitamin E

Figure 1 showed that groups of rats fed by TRF 50 and 75 mg/kg bw/day had lower liver MDA level, as
well as group treated by commercial vitamin E at dose of 75 mg/kg bw/day. TRF at lower dose showed slightly
lower MDA level than commercial vitamin E, that indicating TRF was more effective in inhibition lipid
peroxidation. Commercial vitamin E contained d-α-tocopherol. Alpha tocopherol, a chain-breaking antioxidant
that traps peroxyl free radicals, is the principal and most potent lipid-soluble antioxidant in plasma and LDL.
Alpha tocopherol has proven to be effective in preventing lipid peroxidation and other radical-driven oxidative
events41, 42. According to Packer et al.25, vitamin E is incorporated into cellular membranes in which it
effectively inhibits the peroxidation of lipids. Both tocopherols and tocotrienols scavenge the chain-propagating
peroxyl radical.
Moreover, Packer et al.25 stated that when comparing the effectiveness of different vitamin E
homologues, at least two factors must be considered, i.e., the substituents on the chromanol nucleus and the
properties of the side chain. In homogeneous solutions, the reaction rate constant depends mainly on the number
of methyl groups on the nucleus. In membranes, the mobility of the molecule also becomes important, and this
depends on the structure of the hydrophobic side chain. The study of Serbinova et al.43 showed that α tocotrienol
had peroxyl scavenging activity in liposomes 1.5-fold higher than α tocopherol. Also, α tocotrienol had the
ability to protect liver against lipid peroxidation 40 times higher than α tocopherol. Serbinova et al.43 suggested
that this difference related to the tail structure of tocotrienol and tocopherol, beside the chromanoxyl radical of
α-tocotrienol (α-tocotrienoxyl) has been found to be recycled in membranes and lipoproteins more quickly than
the corresponding α-tocopheroxyl radical.
Slight increase in MDA level of group of rats treated by TRF 75 mg/kg bw/day showed that in the high
dose, TRF was less effective in preventing lipid peroxidation. At high doses, it is possible that TRF induced
peroxidation and became prooxidant. Kontush et al.44 stated that the major mechanism of antioxidative action
of tocopherol includes inactivation of one radical (R') by one molecule of α-tocopherol (TocH), with a
subsequent scavenging of a second radical by the α-tocopheroxyl radical (Toc' ) formed non-radical products. It
is resulting inactivation of two radicals per one molecule of α-tocopherol underlies the classical antioxidant
activity of this compound. This mechanism is operative when free radicals are formed at a relatively high rate,
i.e., under strong oxidative conditions45, 46. Kontush et al.44 postulated that rapid elimination of α-tocopheroxyl
radical via reaction with another lipid radical leads to the net antioxidant activity of α-tocopherol. This analysis
points out that α-tocopherol should always function as an antioxidant, if the concentration of co-antioxidants is
high enough to efficiently recycle α-tocopheroxyl radical back to α-tocopherol. In this study, it was suggested
that high dose of TRF produced high tocoperoxyl radical that had oxidative properties and led to high MDA
level.
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At TRF dose of 25 mg/kg bw/day, liver MDA level did not differ significantly to the dose of 0 mg
TRF/kg bw/day. It showed that dose of 25 mg/kg bw/day was not effective to inhibit liver lipid peroxidation.

Figure 2. Liver SOD activities of groups of rats treated by various doses of TRF and commercial vitamin E
Liver Superoxide Dismutase (SOD) Activity
Reactive oxygen species is a product of dioxygen metabolism that acts as an electron acceptor.
However dyoxygen prefers to receive one electron at a time and converts it into a superoxide ion (O2–). ROS
has the ability to oxide PUFA (polyunsaturated fatty acid) as a constituent of cell membrane. This reaction
initiates lipid peroxidation and to limit these harmful effects, an organism requires complex protection – the
antioxidant system. This system consists of antioxidant enzymes (catalase, glutathione peroxidase, superoxide
dismutase) and non-enzymatic antioxidants (e.g. vitamin E [tocopherol], vitamin A [retinol], vitamin C
[ascorbic acid], glutathione, and uric acid). SOD is the major defence upon superoxide radicals and is the first
defence line against oxidative stress. SOD represents a group of enzymes that catalyse the dismutation of O2–
and the formation of H2O247. Liver SOD activity indicated antioxidant status and oxidative stress condition.
High SOD activity revealed good antioxidant status and low lipid peroxidation.
This study showed that TRF had a capability to protect liver from lipid peroxidation that indicated by
higher SOD activities of groups of rats treated by TRF (Figure 2). As liver MDA level, control groups showed
lower SOD activity that indicated lower antioxidant status compared to lipid peroxiadion induced group (group
of rats that fed by TRF 0 mg/kg bw/day). This was suggested to relate to stress condition due to other factors
such as physiological conditions.
TRF and commercial vitamin E treatments improved liver antioxidant status that indicated by higher
SOD activity conpared to non-TRF treatment (dose of 0 mg/kg bw/day). The highest liver SOD activity was
found at dose of 75 mg/kg bw/day. This study also showed that TRF was better than commercial vitamin E to
increase SOD activity because at similar dose (75 mg/kg bw/dat) TRF treatment revealed higher SOD activity.
TRF comprised mainly by tocotrienols (62.62%) and the remaining was α tocopherol (37.38%). Meanwhile,
commercial vitamin E only contained α tocopherol. Tocopherols and tocotrienols although have almost similar
molecular structure, but their antioxidant acitivity is silghtly different. According to Packer et al.25 tocopherols
and tocotrienols are part of an interlinking set of antioxidant cycles, which has been termed the antioxidant
network. The antioxidant activity of tocotrienols is higher than that of tocopherols and efficiently combat
oxidative stress. In rat liver microsomes, the efficacy of α-tocotrienol to protect against Fe(II)1 NADPHinduced lipid peroxidation was 40 times higher than that of α-tocopherol. α-Tocotrienol also was 6.5 times more
effective in the protection of cytochrome P-450 against oxidative damage.
SOD activity of non TRF treated group (0 mg/kg bw/day) was not significantly (α=0.05) different to
that of groups of rats treated by TRF 25 and 50 mg/kg bw/day. TRF dose of 50 mg/kg bw/day did not differ
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significantly to commercial vitamin E with dose of 75 mg/kg bw/day. It strengthened the evidence that TRF
had better in vivo antioxidant activity and was better to protect liver from lipid peroxidation.
This study showed that increase in SOD activity was in accordance to decrease in MDA level. SOD
enzymes catalyze the dismutation of superoxide radical into hydrogen peroxide (H2O2) and molecular oxygen
(O2) and consequently present an important defense mechanism against superoxide radical toxicity48. Increasing
SOD activity leads to high decomposition rate of superoxide radicals and prevents MDA formation. Therefore,
MDA level also decreases. According to Jyothi et al.48, the ratio of MDA to SOD is an index for oxidative
stress.

Figure 3. Liver catalase activities of groups of rats treated by various doses of TRF and commercial vitamin E

Liver Catalase Activity
Catalase or CAT is present in every cell and in particular in peroxysomes, which are the cell structures
that use oxygen in order to detoxify toxic substances and produce H2O2. Catalase converts H2O2 into water and
oxygen. CAT has an important action with lower H2O2 concentration47, 49. The SODs convert superoxide radical
into hydrogen peroxide and molecular oxygen (O2), whereas the catalase and peroxidases convert hydrogen
peroxide into water and, in the case of catalase, into oxygen and water. The net result is that two potentially
harmful species, superoxide and hydrogen peroxide, are converted to water. Other compartmentalized
antioxidant enzymes include catalase, which is found in peroxisomes and the cytoplasm, and GPx, which can be
found in many subcellular compartments including the mitochondria and the nucleus depending on the family
member. Thus, the many forms of each of these enzymes reduce oxidative stress in the various parts of the
cell50.
This study showed that TRF treatments increased catalase activities indicating by low H2O2 concentration
(Figure 3). Control group of rats or non peroxidation induced group showed low level of H2O2 that meant low
oxidation and only small amount of H2O2 produced. Conversely, non TRF treated group showed the highest
H2O2 level that indicated oxidative stress condition.
Liver H2O2 of groups of rats treated by TRF and commercial vitamin E was not significantly different
(α=0.05) to that of control group. It meant that vitamin E intake effectively prevented peroxidation thus
producing low level H2O2. This study also showed that TRF was more effective antioxidant than commercial
vitamin E. All TRF treated groups had lower H2O2 concentration than that of commercial vitamin E treated
group.
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Figure 4. Histopathology of hepatic cells of rats treated by various doses of TRF and commercial vitamin E.
Magnification of 400x and stained by hematoxyllin – (1) control, indicated normal cells; (2) TRF dose of 0
mg/kg bw/day, showed cell degeneration and dilated sinusoid in hepatic lobule; (3) TRF dose of 25 mg/kg
bw/day showed normal cells arangement in hepatic lobule; (4) TRF dose of 50 mg/kg bw/day indicated normal
cells but also contained cell degeneration; (5) TRF dose of 75 mg/kg bw/day showed dilated sinusoid at hepatic
lobule and some cells were ballooning; (6) commercial vitamin E with dose of 75 mg/kg bw/day showed normal
cells arrangement, but some cells were degeneration.
= central vein;
= sinusoid;
= cell degeneration
with ballooning nuclei and pale citoplasm (hydrophic degeneration).
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Liver Histopathology and Degenerated Hepatic Cells
Generally, each components of hepatic tissues of rats treated by TRF, commercial vitamin E, and control
could be observed apparently (Figure 4). Hepatic lobule was still apparent, and central vein was surounded by
well organized hepatic cells in radial arrangement. The difference among treatments was in the density and stain
of hepatocytes, and hepatocyte nuleus size as well. It was not observed the death of cells or necrosis that was
indicated by cell lysis, shrinkle nuclei, the very pale-stained hepatocytes, and disappearing of cell nuclei51.
Based on the the scale of Sun et al.33, the liver of rats of control group, TRF dose of 25 mg/kg bw/day,
TRF dose of 50 mg/kg bw/day, and commercial vitamin E treated groups revealed scale 1. In this scale, the
hepatic morphology did not alter significantly, the hepatic tissue was in closely arrangement, the hepatic lobule
was still apparent, hepatic plates were radial and well organized, and hepatocyte nuclei was also still present
apparently.
Liver of rats that treated with TRF dose of 0 mg/kg bw/day and 75 mg/kg bw/day was catagorized as
scale 2. Dilation of sinusoid was present and the hepatic plates apparently surounded central vein. Some parts
of tissue area contained pale-stained hepatocytes. However, the fat lobules indicating steatosis were not present.
According to Lima et al.52 and Liew et al.53 steatosis represented the basic injury and was associated with
hepatocellular ballooning degeneration.Therefore, it could be concluded that oxidative stress induced by
thermally oxidized frying oil intake caused only sublethal injury or reversible effect. It meant the hepatocytes
would recover if the intake of thermally oxidized frying oil was ended.
Hepatocellular ballooning occured if the hepatocytes were not able to maintain ion balance. This
phenomenon was early manifestation of cell injuries. Hydrophic degeneration was a longterm effect of
hepatocellular ballooning indicated by huge liquid accumulation. Therefore, hepatocyte degeneration were
indicated by bigger cell appearance52.
Cell degeneration was counted for every fields of view under microscopic observation. Each slides was
represented by 15 fields of view and the number of cell degeneration was avaraged. Statistical analysis revealed
that the number of cells degeneration was affected by TRF treatments. The highest number of cells degeneration
was found at TRF dose of 75 mg/kg bw/day, that this number was not significantly different to that of non TRF
treatment (o mg/kg bw/day, peroxidation induced). The lowest number of cells degeneration was obtained at
TRF dose of 50 mg/kg bw/day. It was supposed that TRF dose of 75 mg/kg bw/day led to oxidaton because
vitamin E might become a prooxidant at high dose. Average number of cell degeneration of liver of rats treated
by TRF dose of 25 mg/kg bw/day did not differ signifcantly to that of commercial vitamin E at dose of 75
mg/kg bw/day. This finding support the evidence that TRF was more effective than commercial vitamin E to
protect liver from degeneration.

Figure 5. Cell degeneration of liver of rats treated by various doses of TRF and commercial vitamin E
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Conclusion
Tocotrienol rich fraction (TRF) from palm fatty acid distillate was an effective antioxidant to protect
liver from peroxidation, indicated by decreasing liver MDA level, increasing liver SOD activity, and increasing
liver catalase activity, as well as impairment in hepatocytes. The effective dose of TRF was 50 mg/kg bw/day.
At higher dose (75 mg/kg bw/day) TRF possibly became prooxidant that indicated by liver of rats treated by
TRF dose of 75 mg/kg bw/day had the highest average number of cells degeneration. TRF was more effective
in protecting liver from peroxidation than commercial vitamin E.
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