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Effects of tocotrienolson cell viability and apoptosisin
normal murineliver cells(BNL CL.2) and liver cancer
cells(BNL IME A.7R.1), in vitro

Chan Hooi Har phD and Chan Kok Keong Msc

Department of Biomedical Sciences, Faculty of Medicine and Health Sciences,Universiti Putra Malaysia,

Serdang, Malaysia

The effects of tocotrienols on murine liver cell viability and their apoptotic events were studied over a dose
range of 032 g mLY. Normal murine liver cells (BNL CL.2) and murine liver cancer cells (BNL 1IME
A.7R.1) were treated with tocotrienols (T3), alpha tocopherol ( -T) and the chemo drug, Doxorubicin (Doxo,
as a positive control). Cell viability assay showed that T significantly (P < 0.05) lowered the percentage of
BNL IME A.7R.1 cell viability in a dose-responsive manner (8-16 g mL™), whereas T did not show any
significant (P > 0.05) inhibition in cell viability with increasing treatment doses of 0- 16 g mL™. The ICx, for
tocotrienols were 9.8, 8.9, 8.1, 9.7,8.1and 9.3 g mL™ at 12, 24, 36, 48, 60 and 72 hours respectively. Early
apoptosis was detected 6 hours following T; treatment of BNL 1IME A.7R.1 liver cancer cells, using Annexin
V-FITC fluorescence microscopy assay for apoptosis, but none were observed for the non-treated liver cancer
cells at the average 1Cg, of 898 g mL™ tocotrienols for liver cancer cells. Several apoptotic bodies were
detected in BNL 1IME A.7R.1 liver cancer cells at 6 hours post-treatment with tocotrienols (8.98 g mL™) using
Acridine Orange/Propidium lodide fluorescence assay. However, only a couple of apoptotic bodies were seen
in the non-treated liver cancer cells and the BNL CL.2 normal liver cells. Some mitotic bodies were aso
observed in the Ts-treated BNL IME A.7R.1 liver cancer cells but were not seen in the untreated BNL 1IME
A.7R.1 cells and the BNL CL.2 liver cells. Following Ts-treatment (8.98 g mL™) of the BNL IME A.7R.1
liver cancer cells, 24.62%, 25.53% and 44.90% of the cells showed elevated active caspase 3 activity at 9, 12
and 24 hours treatment period, respectively. DNA laddering studies indicated DNA fragmentation occurred in
the Ts-treated liver cancer cells, BNL IME A.7R.1 but not in non-treated liver cancer cells and the Ts-treated
and non-treated normal liver cells. These results suggest that tocotrienols were able to reduce the cell viability
in the murine liver cancer cellsat adose of 8-32 g mL™ and that this decrease in percentage cell viability may

be due to apoptosis.

Key Words. tocotrienols, alphatocopheral, liver carcinogenesis, liver cancer, apoptosis, Doxorubicin

Introduction

Tocopherols (T) and tocotrienols (T3), each comprising of 4
different isomers, indicated by apha, beta, ganma and
delta, are 2 classes of compounds with vitamin E activity.
Tocopherols are present in most vegetable oils and are
more common in the diet than tocotrienols, which are only
found at relatively high concentrations, in palm oil and rice
bran oil.**

Experimental and epidemiological studies suggest that
tocotrienols, besides their antioxidant activity similar to
that of tocopherols as seen in cardiovascular diseases,* lipid
peroxidation,”” some free radical-related diseases™™ and
lowering of plasma concentrations of atherogenic LDL cho-
lesterol,***® could also inhibit the proliferation of tumor
cells.®*1°  However, some of these findings, mostly from
experiments conducted either in human cell lines or in vivo,
in mice and rats, were contradictory. The present in vitro
study was carried out on the murine non-liver cancer cell
line, BNL CL.2 and murine liver cancer cell line, BNL
IME A.7R.1 to determine whether tocotrienols do indeed
decrease cell viability in the murine liver cancer cells and
whether any decrease, if detected, may be due to apoptosis
rather than necrosis. Doxorubicin, achemo drug, was used

as a positive control and -tocopherol was also studied to
compare its effects with that of tocotrienols.

Material and Methods

Cell culture

Mice cell lines (BNL CL.2 and BNL 1IME A.7R.1) were
obtained from America Type Culture Collection (ATCC,
Manassas, VA, U.S.A.), cultured in DMEM (high glucose)
and serialy passaged at sub-confluent cell density. All cell
lines were maintained according to ATCC standard pro-
tocol with 5% fetal bovine serum.

Experimental treatments

Alpha-tocopherol (Sigma Aldrich Chemicals, St. Louis, MO,
U.S.A.) and tocotrienols (90%; Hovid (M) Sdn. Bhd., Ipoh,
Perak, Malaysia.) were dissolved in absolute ethanol to give
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a stock solution of 3.2 mg mL™. Doxo-rubicin (Pharma-
chemie, Haarlem, Netherlands) was dissolved in distilled
water to prepare a stock solution of 3.2 mg mL™. Treat-
ment solutions were prepared from the stock utilizing the
culture mediafor the various assays.

Cdll viahility assay

Cells from both cell lines (BNL CL.2 and BNL 1IME
A.7R.1) were seeded into 96-well culture plates at a den-
sity of 1 x 10° cellsmL™ per well. The treatment solutions
were added after all the cells had attached to the plates
(approximately 6 hours). The cells were treated with
various doses (32, 16, 8, 4, 2, 1, 0.5, 0.25, 0.125, 0.0625,
0.03125 and 0 mg mL™ medium containing 1% ethanol)
of Doxorubicin, -tocopherol and tocotrienols for a period
of 12, 24, 48, 60 and 72 hours. CellTiter 96 Aqueous One
Solution Cell Proliferation Assay Kit (Promega Cor-
poration, Madison, WI, U.S.A.) was used to determine the
cell viability.

Annexin V-FITC fluorescence microscopy assay
The cells were seeded into Labtek |1 chamber dlide at a
density of 1 x 10° cells chamber®. The attached cells
were then treated with 8.98 gmL™ medium (ICs, for
tocotrienols on BNL 1ME A.7R.1) of Doxorubicin,
-tocopherol and tocotrienols for a period of 3, 6, 9 and
12 hours. The cells were then stained with Annexin V-
FITC and observed under the fluorescence microscope.

Acridine orange/propidium iodide fluorescence assay
The cells were again seeded into Labtek 11 chamber slide
at adensity of 1 x 10° cells chamber™. The attached cells
were then treated with 8.98 g mL™ medium, of Doxo-
rubicin, -tocopherol and tocotrienols for a period 3, 6, 9
and 12 hours. The cells were then stained with Acridine
Orange/Propidium lodide and observed under the fluo-
rescence microscope.

Active caspase 3 activity assay

The cells were treated with Doxorubicin, -tocopherol
and tocotrienols at a concentration of 8.98 g ml™ me-
dium and incubated for a period of 3, 6, 9, 12 and 24
hours. After incubation, the cells were harvested, washed
and incubated with FITC-conjugated active caspase 3
antibodies for 30 minutes. The cells were then washed
and resuspended in buffer and analysed by flow cyto-
metry.

DNA fragmentation assay

The cells were treated with Doxorubicin, -tocopherol
and tocotrienols at a dose of 8.98 g mL™ medium and
incubated for a period of 24 hours. After incubation, the
cells were harvested and their DNA s were obtained by
phenol extraction. Agarose gel electrophoresis and UV
imaging were then conducted.

Results

Cell Viability

The effects of various doses of tocotrienols (90%) on

murine non-liver cancer cells (BNL CL.2) and murine
liver cancer cells (BNL IME A.7R.1) are shown in Figure
1. Tocotrienols significantly (P <0.05) lowered the % cell
viability of liver cancer cellsin a dose-responsive manner
(4-16 g mL™) as compared to the negative control.

Tocotrienols also lowered the percentage cell viability of
the non-liver cancer cells, but they were not significant
until adose of 16 g mL™. However, -tocopherol did not
show any significant inhibitory effect (P >0.05) on both
BNL CL.2 and BNL 1IME A.7R.1 cells at the range of
doses tested. The I1Csy s of tocotrienols (90%) for BNL
CL.2 (Mean: 29.5 gmL™ and that for BNL IME A.7R.1
(Mean: 8.98 g mL™) at different incubation periods of
12-72 hours are shown in Figure 2. There are no signi-
ficant (P >0.05) changes in the ICg, for tocotrienols, in
each of the two cell lines, BNL CL.2 and BNL 1IME
A.7R, indicating that the effects of tocotrienols on its 1Cs
are not time-dependent over the incubation period tested.
Since tocotrienols significantly decreased %cell viability
of murine liver cancer cells and to alesser extent, the mu-
rine non-liver cancer cells, in a dose-dependent manner,
additional studies were conducted, using the mean |1Cs, of
8.98 g mL™ for tocotrienols, to determine whether this
decrease was due to apoptosis.

Annexin V-FITC fluorescence microscopy assay
Following treatment with tocotrienols, the Annexin V-
FITC Fluorescence Assay showed that the BNL CL.2
cells were |eft unstained while a large number of the BNL
IME A.7R.1 cells were stained with Annexin V-FITC
(Fig. 3). No fluorescence was detected when the liver
cancer cells were treated with -tocopherol at the I Cs, for
tocotrienols but some were detected when these same
cells were treated with Doxorubicin.

Acridine Orange/Propidium | odide fluorescence assay
Figure 4 shows that both BNL CL.2 and BNL 1ME
A.7R.1 cells were stained with Acridine Orange but not
Propidium lodide, following treatment with tocotrienols
for a period of 6 hours indicating the absence of necrosis.
Furthermore, numerous BNL 1IME A.7R.1 cells showed
condensation of nuclei but these were very few in the
BNL CL.2 cells. Condensation of nuclei was not detected
in both liver cell lines following treatment with -
tocopherol. However, both Acridine Orange and Pro-
pidium lodide were detected in the Doxorubicin treatment
group indicating necrosis and/or late apoptosis had
occurred.

Active caspase 3 activity

From three- to six-hour incubation period, the % of cells
with active caspase 3 were consistently low for both cell
lines treated with -T, T3 and Doxorubicin at the I1Cg, for
Ts. T; treatment showed marked increases in the % of
cells with active caspase 3 from the 9-hr to 24-hr incu-
bation period for the liver cancer cells (Table 1). How-
ever, this was not detected with -T treatment although
Doxorubicin showed a much lower increase from 12 to 24
hour incubation period. However, the amount of active
caspase 3inthe BNL IME A.7R.1 cells began to increase
after incubating the cells with tocotrienols for a period of
9 hours and this amost doubled after a 24-hour incu-
bation period.

DNA fragmentation

BNL 1IME A.7R.1 cells showed DNA fragmentation after
treatment with tocotrienols for a 24-hr period, similar to
that for the positive control, Doxorubicin (Fig. 5).
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Figure 1. Effects of various doses of tocotrienols on BNL CL.2 and BNL 1IME A.7R.1 célls,
compared with the negative controls. Data points indicate the mean % cell viability for 3 sets
of 3 replicates in each treatment group after atreatment period of 24 hours.
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Figure 2. Effects of tocotrienols on its ICspin BNL CL.2 and BNL IME A.7R.1 cells over time.
Data points indicate the mean 1Cs, for 3 sets of 3 replicates in each treatment-time period.

However, no DNA fragmentation was found in the nega-
tive control using non-treated cells and the -T-treated
cells in both cell lines and aso the Ts-treated BNL CL.2
cells.

Discussion

Results from the present studies demonstrated that the
murine liver cancer cells, BNL IME A.7R.1 were more
responsive to tocotrienols with respect to cell viability

(Fig.1) and apoptosis (Figs. 3-5; Table 1), than the murine
non-liver cancer, BNL CL.2 cells. The transformed liver
cancer cells may have atered membrane characteristics
towards tocotrienols. Furthermore, at the dose range of
032 gmL? -tocopherol did not decrease the % cell
viability of both of these murine liver cell lines although
it had been reported to exert anti-proliferative and cyto-
toxic effects on other cell lines at higher doses.’” How-
ever, -tocopherol may have inhibitory effects on these
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BNL CL.2 BNL 1IME A.7R.1 BNL CL.2 BNL IME A.7R.1

Figure 3. Cells stained with Annexin VHTC: BNL CL.2 cell Figure 4. Cells stained with Acridine Orange / Propidium Iaglid
were not stained, while BNL 1IME A.7R.1 cells werepwing the  (AO/PI) following tocotrienol treatment. Both BNL C2.and
incorporation of Annexin V-FITC to the translocatpdospha BNL 1ME A.7R.1 cells were stained with only Acridi@ange.
tidylserine (PS) in the outeleaflet of the plasma membri BNL 1ME A.7R.1 cells but not those of BNL CL.2 showed
following 6 hours of treatment with tocotrienol400X) prominent condensed nuclei. (400X)

Table 1.Percentage of cells stained for active caspasédviag incubation over various time periods of rimar non-
liver cancer (BNL CL.2) and murine liver cancer (BNME A.7R.1) cells with -T, Tz and Doxorubicin (positiv
control)

% Cell with caspase 3 activity

Incubation Negative
Time (hr) Liver Cell Line Control -T Doxo T3
BNL CL.2 0.43 0.42 0.29 0.11
3 BNL IME A.7R.1 0.06 0.07 0.50 0.48
BNL CL.2 0.49 0.55 0.45 0.17
6 BNL 1IME A.7R.1 0.09 0.12 0.54 0.62
BNL CL.2 0.21 0.32 1.17 1.69
9 BNL 1IME A.7R.1 0.17 0.19 0.69 24.62
BNL CL.2 3.57 8.81 6.83 2.02
12 BNL 1IME A.7R.1 3.99 1.76 10.72 25.53
BNL CL.2 3.57 9.13 14.24 28.39
24 BNL 1IME A.7R.1 0.30 1.76 13.22 44.90

these murine liver cells, but at much higher dodegect  translocated from the inner to the outer leaflethef plas-
comparisons between these two vitamin E sub-classesa membrane (early step in apoptosis), followireattr
indicated that tocotrienols were significantly m@atent ment with tocotrienolsThis suggests that tocotrienols
in decreasing % cell viability than-tocopherol. might have initiated apop-tosis in these liver eareells.

This study has also shown that tocotrienolsaedi cell Studies with Acridine Orange and Propidiumided
death was due to apoptosis, i.e. programmed cathdas (AO/PI) showed that both BNL CL.2 and BNL 1ME
indicated by the Annexin V-FITC Fluorescence Micro-A.7R.1 cells were stained with Acridine Orange hat
scopy Assay, Acridine Orange/Propidium lodide Fluo-With Propidium lodide, indicating that hardly anganosis
rescence Assay, Active Caspase 3 Activity Assayl occ_urred in these ce_lls after tocotn_enol treatmiemnt a
DNA Fragmentation Assay. At the §Cof 8.98 g mL, period of .6 hours (Fig. 4)._Hence, thls_ cgl_l de_ath, as
obtained for tocotrienols on BNL IME A.7R.1 cells, 'éflcted in the decrease in % cell viability, mlpably
Annexin V-FITC fluorescence was detected substaytial due to gpoptoss ra’gher than NECTOSIS. Howevainisg
as early as 6 hours post treatment of the liveceacells Of f[he I|ve_r cells with both Ac”d'f‘e Orange and Pro
with tocotrienols. This showed that the plasma naméb Efsl??vleOTgr?txlereDgiﬁztgigiI]OIL;W'EEE t;?fgegéz\ghsem
of BNL 1ME A.7R.1 cells had incorporated Annexin V- ' i

P . . sugges-ted the presence of some necrosis or | i
FITC, indicating that phosphatidylserine (PSY Hzeen wit?wgthis chemoF()jrug. BRCEDS






