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ABSTRACT

Mitochondrion plays an important role in cellular metabolism and in energy production. Free
radicals contribute damage to mitochondria during various pathological conditions. Tamoxifen is
an anti-estrogen drug given to treat breast cancer. Tamoxifen and its metabolites induce varied
cellular effects. It was therefore planned to study the impact of tamoxifen on mitochondria to
observe its mechanism of action in promoting cell death. Mitochondrion was isolated from sheep
liver and different concentrations of tamoxifen were added to study its impact on oxidative
stress. Tamoxifen induced swelling of mitochondria which in turn produced lipid peroxides in a
dose-dependent manner. Tamoxifen significantly increased the levels of nitrite and nitrate in
mitochondria with depletion of glutathione. It was observed that tamoxifen increased NADH
oxidation leading to the release of calcium from mitochondria. These changes observed are
correlated with the mechanism of action of tamoxifen in treating breast cancer.
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INTRODUCTION

Mitochondria are filamentous or granular cytoplasmic organelles of all aerobic cells of higher
animals, plants, certain micro-organisms including algae, protozoa and fungi. The mitochondria
have lipoprotein framework which contains many enzymes and coenzymes required for energy
metabolism . Mitochondria are membrane enclosed organelles distributed throughout the cytosol
of most eukaryotic cells. Their main function is the conversion of the potential energy of food
molecules into ATP. The cell uses this energy to perform the specific work necessary for cell
survival and function®. Mitochondria are an active source of the free radicals like superoxide
(02°) and nitric oxide (NO), whose production accounts for about 2% and 0.5% respectively, of
mitochondrial O, uptake under physiological conditions®.

Tamoxifen is a drug commonly used for the treatment of breast cancer. Tamoxifen competes
with estrogen for binding sites on estrogen receptors in breast tissues of the body. The
competition with estrogen limits cell growth in breast tissues, making it an effective treatment
for breast cancer. Tamoxifen is used to treat breast cancer in both pre and post menopausal
women with advanced or metastatic breast cancer®. Tamoxifen is currently used by more women
with breast cancer than any other drug. Tamoxifen is the most widely prescribed cancer
medication in the world®. The aim of the present investigation is to study the effect of tamoxifen
on mitochondria in in vitro condition to evaluate its role on mitochondria and to study its

mechanism of action in promoting cell death.
MATERIALS AND METHODS

Sheep liver was obtained from healthy animals from slaughter houses which did not suffer from
any infections. The tissue was brought in an ice-cold container. It was immediately cleaned to
remove adjoining adipose tissue and membranous materials. It was weighed and cut into small
pieces and subjected to differential centrifugation for isolation of mitochondria. The
mitochondria were isolated® and protein was estimated.”® Tamoxifen citrate tablets were
purchased from Pharma pharmaceutical company.

Swelling of mitochondria

Mitochondrial swelling was observed by the changes in turbidity at 520nm in a
spectrophotometer.® Mitochondria was subjected to different concentrations of tamoxifen
(0.05mM, 0.1mM, 0.2mM, 0.3mM, 0.4mM and 0.5mM) for different time intervals.

Estimation of lipid peroxide
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Lipid peroxide content was determined by thiobarbituric acid reaction'®. The lipid peroxide
formed during swelling was measured and expressed as nanomoles of malonaldehyde/mg
protein. A calibration graph was established with malonaldehyde as standard.

Estimation of reduced glutathione

The total reduced glutathione content of mitochondria during swelling process was estimated by

the method of Moron et al.,**

to estimate glutathione content was expressed as of nanomoles/mg
protein.

Estimation of nitrite

The nitrite content of the mitochondria during the process of swelling was determined.'*** The
nitrite formed was expressed as nanomoles/mg protein.

Estimation of nitrate

The nitrate content was estimated by converting it into nitrite ** and expressed as nanomoles/mg
protein during the process of swelling.

Estimation of NADH oxidation

The impact of tamoxifen on NADH oxidation was studied. The decrease in absorbance at 340nm
is directly proportional to the rate of oxidation of NADH. ** The rate of oxidation of NADH was
expressed as nanomoles of NADH oxidized/minute/mg protein.

Estimation of calcium

Calcium released due to the process of swelling was estimated using atomic absorption
spectroscopic method.*® The levels of calcium are expressed as nanomoles of calcium/mg
mitochondrial protein.

Statistical analysis

The values are expressed as mean + SD. Statistical analysis was done by Student’s‘t’ test and ‘p’
value was arrived at to assess the statistical significance of changes observed. P value less than
0.02 was considered significant.

RESULTS AND DISCUSSION

Swelling is a well known and common response of mitochondria to many unfavorable influences
both in vivo and in vitro. It is possible to divide the variety of factors affecting swelling into four
groups according to the swelling kinetics’’. Table 1 shows the effect of tamoxifen on
mitochondrial swelling. The effect of different concentrations of tamoxifen on the swelling of

mitochondria was studied during different time intervals (Figure 1).
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Table 1: Percentage change in Mitochondrial Swelling induced by Tamoxifen after 1 hr

Concentration of %
Tamoxifen (mM)  Swelling

0.05 13.5
0.1 24.3
0.2 37.8
0.3 45.9
0.4 59.4
0.5 64.8

Optical density at 520 nm

0.05

0 20 40 60 80 100 120 140
Time (minutes)

=& Control 0.05mM =&—0.1mM =—>=0.2mM =—¥—0.3mM 0.4mM 0.5mM

Figure 1: Effect of Tamoxifen on Mitochondrial Swelling

0.05mM concentration of tamoxifen produced 13.5 % swelling after 1 hr whereas 0.4mM
concentration (in vivo concentration) of tamoxifen induced nearly 60% swelling of mitochondria.
After 2 hrs of tamoxifen treatment, 0.05mM tamoxifen induced 46% swelling as compared to
84% swelling induced by 0.4mM concentration of tamoxifen. Thus it is observed that swelling
was maximum during first 1 hr, for 0.4mM and 0.5mM concentrations of tamoxifen. 0.05mM
concentration of tamoxifen shows nearly 3 times the % of swelling (2 hours) than that was
observed during the first 1 hour. The % of swelling increased with increase in tamoxifen
concentration. After 1 hr it was noticed that 0.5 mM concentration of tamoxifen could produce
64.8 % swelling.

At the end of 2 hours as seen in Table 2, 0.5mM concentration of tamoxifen could nearly
produce 89 % swelling. Therefore, for further in vitro studies we adopted 120 minutes (2 hrs) as

our maximum time interval. Mitochondrial swelling can be induced by calcium with cytochrome
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C release'®. The swelling of mitochondria was promoted by long chain fatty acids such as
myristate indicating a protonophoric mechanism.*® Tamoxifen-induced swelling might lead to
uncoupling of oxidative phosphorylation and changes in membrane potential.

Table 2: Percentage change in Mitochondrial swelling induced by Tamoxifen after 2 hr

Concentration of %
Tamoxifen (mM)  Swelling

0.05 45.9
0.1 59.4
0.2 72.9
0.3 75.9
0.4 83.7
0.5 89.1

Table 3: Production of Lipid Peroxides during the process of Mitochondrial Swelling

induced by Tamoxifen after 2 hrs

Control (NoDrug) 0.05mM 0.1mM 02mM 03mM 0.4mM 0.5 mM

3.5+0.1 4+0.4"  4.2+05 45+0.6 5+0.8° 10+0.8° 11.1+0.6

Values are mean =+ s.d. for 6 different mitochondrial preparations
Values are expressed as nanomoles/mg mitochondrial protein

Comparison between control and different concentrations of tamoxifen were carried and the levels of
significance was arrived at ™ — Non-Significant P<0.02" P<0.01” P<0.002"" P<0.001

Kk

It is observed from Table 3 that tamoxifen at a concentration of 0.3mM, 0.4mM and 0.5mM
induced the production of lipid peroxides very significantly than at 0.05mM, 0.1mM and 0.2mM
concentrations. This shows that tamoxifen at higher concentrations could induce the production
of lipid peroxides in mitochondria more significantly. Lipid peroxidation in mitochondria brings
about swelling of mitochondria, uncoupling of oxidative phosphorylation and inhibition of
respiration®®. Lipid peroxidation leads to the degradation of cytochromes®. Lipid peroxides
decrease the respiratory control ratio (RCR) of mitochondria and results in the lysis of
mitochondria®. The increased level of lipid peroxides in mitochondria brings about impairment in
mitochondrial function such as respiration?. Tamoxifen induces oxidative stress within the
carcinoma cells in in vitro conditions?®. Lipid peroxidation impairs the flow of electrons along
the respiratory chain which may cause an increase in the reactive oxygen species in mitochondria
2 The increase in lipid peroxidation may also be due to insufficiency of the protective
antioxidant system mainly glutathione which may be depleted by peroxy nitrite®. Thus it is
observed from our study that tamoxifen at different concentrations leads to the production of

lipid peroxides.
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Table 4 shows the levels of glutathione during mitochondrial swelling induced by tamoxifen in 2
hrs. Glutathione levels are depleted significantly from 0.1mM concentration of tamoxifen.
Glutathione is required for detoxification of hydroperoxides generated by respiratory chain.
Lipid peroxidation modulates the level of glutathione in mitochondria®®. Oxidized glutathione
leads to the opening of mitochondrial transition pore®’. It is observed from Table 3 that
tamoxifen leads to the production of lipid peroxides. Hence this depletion in glutathione level
could be due to the production of lipid peroxides by tamoxifen.

Table 4: Levels of Glutathione during the process of Mitochondrial Swelling induced by
Tamoxifen after 2 hours

Control
(NoDrug) 0.05mM 0.1 mM 0.2 mM 0.3 mM 0.4 mM 0.5 mM
2242.0 16.5+1.5 14.6+1.3 95+0.9  9.2+0.8° 4.8+0.4  22+01

Values are mean =+ s.d. for 6 different mitochondrial preparations
Values are expressed as nanomoles/mg mitochondrial protein
Comparison between control and different concentrations of tamoxifen were carried and the levels of

Fokkk

significance was arrived at P<0.01" P<0.001
Table 5: Levels of Nitrite during the process of Mitochondrial Swelling induced by

Tamoxifen after 2 hours

Control
(NoDrug) 0.05mM 0.1 mM 0.2 mM 0.3 mM 0.4 mM 0.5 mM
1.3+0.1 1.6+0.1°  1.840.17 2.2+0.2°  2.5+0.22° 3.4+0.32° 3.8+0.3"

Values are mean =+ s.d. for 6 different mitochondrial preparations

Values are expressed as nanomoles/mg mitochondrial protein

Comparison between control and different concentrations of tamoxifen were carried and the levels of
significance was arrived at P<0.01” P<0.002™" P<0.001

kK

Table 5 shows the levels of nitrite produced during the process of mitochondrial swelling
induced by tamoxifen in 2 hrs. Tamoxifen at 0.05mM concentration significantly caused the
production of nitrite. Table 6 shows the levels of nitrate formed during the process of
mitochondrial swelling induced by tamoxifen. 0.2mM concentration of tamoxifen produced
significantly large amounts of nitrate. It is observed from Table 5 and 6 that 0.05mM
concentration of tamoxifen significantly lead to the formation of nitric oxide, whereas at the
same concentration there was not much formation of lipid peroxides (Table 3). This shows that
tamoxifen first leads to the production of nitrate and nitrite more significantly than lipid
peroxides. NO inhibits mitochondrial respiration in dose-dependent manner.?#*3 NO inhibits
cytochrome oxidase activity®*. NO produces a decrease in membrane potential of mitochondria.*?

NO production in mitochondria leads to the formation of peroxy nitrite which nitrates or oxidizes
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the amino acids of mitochondrial proteins®.Peroxy nitrite formed in mitochondria is scavenged
by glutathione and glutathione peroxidase®*. The decrease in glutathione level noted in our study
(Table 4) may be due to the increased production of NO (Table 5).

Tamoxifen induces significant apoptosis (programmed cell death) in human breast cancer cells.
Tamoxifen induces apoptosis by activating NO synthase®. The increase in nitrate and nitrite
levels (Table 5 and 6) noted in our study could be due to the activation of nitric oxide synthase
induced by tamoxifen. Tamoxifen may induce apoptosis through the formation of NO.

Table 6: Levels of Nitrate during the process of Mitochondrial Swelling induced by
Tamoxifen after 2 hours

Control 0.05 mM 0.1 mM 0.2 mM 0.3 mM 0.4 mM 0.5mM
(No Drug)

0.74+0.06  0.85+0.05  0.92+0.08" 1.3+0.12 1.6+0.14 2.11+0.2 2.8+0.1

Values are mean =+ s.d. for 6 different mitochondrial preparations

Values are expressed as nanomoles/mg mitochondrial protein

Comparison between control and different concentrations of tamoxifen were carried and the levels of
significance was arrived at P<0.02" P<0.01" P<0.001
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Figure 2: NADH Oxidation induced by Tamoxifen after 2 hours
Figure.2 shows NADH oxidation of mitochondria induced by tamoxifen. The intact
mitochondria are impermeable to exogenous NADH®. This property of NADH makes it very
suitable to test mitochondrial integrity. NADH which absorbs maximally at 340nm was used as
a substrate for B-hydroxybutyric acid, malic acid and glutamate dehydrogenase®. The decrease
in absorbance at 340nm is proportional to the rate of oxidation of NADH. It is observed from the
Figure .2 that tamoxifen leads to increased permeability of mitochondrial membrane to NADH.

The increase in permeability of mitochondrial membrane to NADH is significantly high even at
477 WWWw.ajptr.com
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0.05mM concentration of tamoxifen. This suggests that mitochondria become more permeable
to NADH after adding tamoxifen. The rate of exogenous NADH oxidation is proportional to
swelling of mitochondria. An increase in the rate of NADH oxidation is due to the result of
outer membrane disruption caused by swelling of mitochondria®. It is observed from Table 1
and 2 that tamoxifen causes swelling of mitochondria and this could be the reason for the
increased rate of NADH oxidation observed.

Table 7 shows calcium released during the process of mitochondrial swelling induced by
tamoxifen after 2 hrs. The percentage release of calcium increased significantly with increased
concentration of tamoxifen. Calcium is a largest divalent cation that crosses links with
macromolecules and induces conformational changes in them. Calcium may also compete with
magnesium for binding and may inhibit the activity of the other. Many calcium bound proteins
are found outside the cell*’. Mitochondrial calcium influx occurs primarily via, a calcium
uniporter that utilizes the negative membrane potential as a driving force®. Tamoxifen causes an
increase in cytoplasmic free calcium levels®. Calcium induces the release of cytochrome C from
mitochondria*®. Mitochondrial swelling is associated with cytochrome C release®.. It is observed
from our study that tamoxifen may induce mitochondrial swelling which may lead to the release
of cytochrome C and calcium from mitochondria. Further studies are to be carried out to study
the exact mechanism of action of tamoxifen.

Table 7: Percentage release of Calcium during the process of Mitochondrial Swelling

induced by Tamoxifen after 2 hours

Concentration of Tamoxifen (mM) % of Calcium release

0.05 18.1
0.1 27.2
0.2 36.36
0.3 45.45
0.4 54.54
0.5 63.6

CONCLUSIONS

Tamoxifen causes the production of nitric oxide and lipid peroxide in mitochondria. This
production of nitric oxide leads to the formation of lipid peroxides. The formation of nitric and
lipid peroxide may lead to depletion of glutathione. The production of free radicals (RNS and
ROS) may in turn damage the mitochondrial membrane. Due to the damage of mitochondrial
membrane, calcium may be released, leading to increased permeability of membrane for
NADH.As a result of these changes, mitochondria may undergo swelling. The swelling of

mitochondria may lead to the dysfunctioning of mitochondria by lowering ATP synthesis and
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energy production. As a result of the decreased energy production in mitochondria they may be
induced to apoptosis. Tamoxifen may probably induce cell death through the above said
processes. This could be one of the mechanisms of tamoxifen to kill cancer cells. Oxidative
stress, nitrosative stress, changes in mitochondrial permeability transition and changes in
membrane fluidity may be the path through which tamoxifen induces apoptosis.
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