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Abstract

The aim of the present study was to assess the protective role of berberine against toxicity induced
by arsenic in mitochondria from liver of rat. The level of reactive oxygen species and
mitochondrial membrane potential changes were evaluated spectrofluorometrically. 20, 40 and
100 UM arsenic concentration increased ROS level approximately by 13.5, 21.3 and 29 %.
However, when pretreated mitochondria with berberine (10, 25, 50 uM) were exposed to arsenic
(20, 40 and 100 uM), ROS production diminished. Also, for all arsenic concentration
mitochondrial membrane damage was detected to be 2.5, 4.8 and 7.26 % respectively.
Pretreatment with berberine even at highest concentration (S0[LM) was not able to retain
membrane potential as compared to control. These results showed that mitochondria were
significantly affected when exposed to arsenic, forcedly directed toward excess ROS production
and mitochondrial membrane disruption. Pretreatment with berberine, reduced ROS generation
but did not restore mitochondrial membrane integrity.
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Introduction

Arsenic trioxide is a toxic environmental pollutant
(Walton et al., 2004) which appears in both organic and
inorganic forms. Trivalent As compounds have been
identified as main toxic form of As (Tseng, 2004). As is
classified as Class A human carcinogen (IARC, 1987) (Paul
et al., 2007). The main route of As exposure throughout the
world is via drinking water (Singh et al., 2010b). Arsenic
exposure through drinking water in some developing
countries, such as India, is reported to be associated with
increase in incidence of cancer and diabetes (Yoshida et al.,
2004). Epidemiological studies have revealed that chronic
exposure to As has been associated with different types of
diseases including cancer (skin, bladder, liver, kidney and
lung), arteriosclerosis, cardiovascular and respiratory system
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dysfunction, diabetes mellitus and neurological diseases like
Alzheimer and Parkinson (Walton et al., 2004; Yoshida et al.,
2004; Paul et al.,2007; De Vizcaya-Ruiz et al., 2009).

Mechanism of As induced diabetes has not been fully
determined. As and its metabolites can act in the body in two
oxidation states as pentavalent and trivalent arsenic. As as
analogue of phosphate can replace phosphate during
formation of adenosine triphosphate and other phosphate
mediator involved in glucose metabolism, which can
decrease normal metabolism of glucose, disrupt production
of energy and consequently prevent ATP-dependent insulin
secretion (Tseng, 2004).

Continuous exposure to As at concentration below
toxic levels might serves as a predisposing factor for

© Triveni Enterprises, Lucknow (India)

Journal of Environmental Biology, Vol. 37,285-290, March 2016



286

diabetes. However, many reports have indicated that most
important mechanism of As in induction of diabetes is
through reactive oxygen species formation and oxidative
stress. These mechanisms involve activation of nuclear
factor-kB (NF-"B), interference in cell signaling pathway of
insulin and glucose metabolism that can induce insulin
resistance and destroy insulin secretion from pancreatic beta
cells (Tseng, 2004; De Vizcaya-Ruiz et al., 2009; Flora,
2011).

Mitochondria are the main site of energy production
and consumer of oxygen and are rich in enzymes containing
sulthydryl groups, so it may be the key organelles come
across the As attack. As can increase mitochondrial
permeability; promote release of cytochrome ¢ to cytosol,
ROS production and oxidative stress induction (De Vizcaya-
Ruizetal.,2009; Luetal.,2011; Majumdaretal.,2011).

Considering the ubiquitous nature of As in the
environment, its exposure is inevitable (Abernathy C., 2001;
Devotta S., 2008). Therefore it is important to looking for an
effective natural substance that can reduce the adverse effects
of As. Berberine is an isoquinoline alkaloid mostly extracted
from rhizomes and roots of Berberis Vulgaris. It has been
used to treat patients with gastroenteritis infections,
abdominal pain, arrhythmias, hypertension, diabetes and
cancer (Singh et al., 2010a; Chen et al., 2013; Malik et al.,
2014; Mittal et al., 2014). Many evidences have shown that
berberine has both anti hyperlipidemia and anti-
hyperglycemia effects (Hu ez al., 2012; Chen et al., 2013). It
is an AMP-activated protein kinase (AMPK) activator that
amplifies glucose uptake, [3-oxidation and glycolysis and
also suppresses gluconeogenesis. This pathway improves
blood glucose homeostasis and is able to lower blood insulin
level via enhancing insulin sensitivity (Yin et al., 2012).
Antioxidant enzymes like superoxide dismutase, catalase,
glutathione peroxidase and glutathione reductase up-regulate
during berberine treatment implies its oxidant scavenging
activity (Zhou et al., 2009; Othman et al., 2014). On the
muscular mitochondria, berberine reverted the dysfunction
which was induced by high fat diet and hyperglycemia
apparently through the mitochondrial biogenesis (Gomes et
al.,2012).

Considering the toxic effect of arsenic on
mitochondria and the significant role that these organelles
play in diabetes pathomechanisms, the aim of the present
study was to assess the protective role of berberine against As
induced toxicity in liver mitochondria of rat.

Materials and Methods

Animals : Male Wistar rats (230+15 g) were kept in
polypropylene cages and fed with standard diet and drinking
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water. Animals were kept in laboratory at 25 + 2 “'C with 12
hr light: 12 hr dark cycle. Animals were handled in
accordance to the standards outlined by the sponsoring
university’s Ethical Committee

Isolation of rat liver mitochondria : Mitochondria from
liver was isolated following the method of Cain and Skilleter
(Cain K., 1987) with some modifications. Mitochondria were
prepared from rat liver by differential centrifugation. Rat
livers were removed and washed carefully with isolation
buffer containing 70 mM sucrose, 200 mM mannitol, 10 mM
HEPES, 1 mM EGTA and 0.1% BSA buffered (pH 7.4, 25
°C) and then cut into small pieces. Liver pieces were
homogenized in 10 volume of ice-cold isolation buffer.
Homogenized liver was transferred to 50 ml tubes and
centrifuged at 600 x g for 10 min at 4°C. Supernatant was
then removed for further centrifugation at 11000 x g for 15
min at 4°C. Pellets were resuspended in cold isolation buffer.
Previous centrifugal steps were repeated twice. Finally, the
pellet was resuspended in BSA free isolation buffer. Protein
concentration was measured using Bradford’s method.
Mitochondrial total dehydrogenase activity was assayed by
measuring reduction of MTT to formazan (Shaki et al.,
2012).

Measurement of mitochondrial ROS : The level of ROS
induced by As were measured by adding DCFH-DA to the
incubated mitochondria. Briefly, mitochondrial suspension
(0.4mg ml") were treated with berberine at 10, 25 and 50 uM
and incubated at 30°C for 1 hr. Mitochondria were then
centrifuged for 1 min at 10000 rpm followed by As exposure
at 20, 40 and 100 pM. Again, recent rifuged for 1 min, then
added DCFH2-DA 1.6 UM for 5 min and read
spectrofluorometerically (Ex=500 nm, Em=520 nm) (LeBel
etal.,1992).

Determination of mitochondrial membrane potential :
Changes in mitochondrial membrane potential were
evaluated by cationic fluorescent probe, rhodamine 123. 0.4
mg ml" rat liver mitochondria were treated with berberine
(10, 25 and 50 pM) and incubated for 1hr and centrifuged at
10000 rpm for 1 min. The pellet were resuspended in 1ml of
fresh buffer (pH 7.4) and treated with As (20,40 and 100 pM)
and again incubated for 1 hr. Samples were again centrifuged
and rhodamine 123 (0.5 UM) was added and incubated for 5
min and read spectrofluorometerically (Ex=490 nm,
Em=535nm,slit=2.5).

Statistical analysis : Data was presented as mean + SD. All
the experiments were performed at least five times and the
results were evaluated using GraphPad Prism (version 5.04).
Statistical significance was determined using one-way
ANOVA with Tukey’s post test. Statistical significance was
setat p<0.05.
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Results and Discussion

Arsenic is a toxic metalloid and an important environmental
and industrial pollutant (Lu et al., 2014). The toxicity
mechanism of As is not fully understood, however, many
reports suggest that As induces ROS and RNS generation that
led to oxidative stress (Flora, 2011; Dutta et al., 2014).
Arsenic through oxidative stress, inflammation, disruption of
cell signaling pathways, increased lipid peroxidation,
elevated alanine aminotransferase (ALT) and aspartate
aminotransaminase (AST) enzymes in serum and damaged to
cardiomyocytes and liver and produced hepatic fibrosis (Shi
etal.,2004; De Vizcaya-Ruiz et al.,2009; Flora, 2011).

Mitochondria are primary target for arsenic toxicity
(Flora, 2011) and main site of As-induced ROS generation
(Li et al, 2014). As reduces activity of pyruvate
dehydrogenase enzyme in mitochondrial matrix and Kreb’s
cycle enzymes such as O- ketoglutarate dehydrogenase,
isocitrate dehydrogenase and succinate dehydrogenase
which leads to dysfunction of mitochondrial oxidative
phosphorylation (Dutta et al., 2014). Together with the above
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enzymes, inhibition of complex I by As causes ROS over
production and oxidative damage (Paul et al., 2008;
Majumdar et al, 2011). This leads to mitochondrial
membrane potential collapse and along with the binding to
cysteine thiols of adenine nucleotide translocase, it also
opens mitochondrial permeability transition pores (Flora,
2011). Upon mitochondrial membrane permeability,
cytochrome ¢ releases and apoptosis will commence
(Banerjee et al., 2008).

The level of ROS in rat liver mitochondria treated
with As for 1 hr shown in (Fig. 1A). It was found that different
concentrations of As induced ROS significantly as compared
to control. 20 UM of As increased ROS level approximately
by 13.5 % while 40 and 100 UM As, elevated ROS by 21.3 %
and 29%, respectively (p < 0.05). Arsenic was found to
stimulate a dose-dependent mitochondrial permeability
transition in neuroblastoma cells (Lu et al., 2014), increased
caspase 3 activity and induced cell death (Bustamante et al.,
2005). Inhibition of complex I and II and superoxide
dismutase activity along with increase in ROS production
were associated with decrease in mitochondrial membrane
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Fig. 1 : Mitochondrial ROS generation by different concentrations of berberine and As203; * Significant difference as compared to the control (P<0.05);

** Significant difference as compared to As203 (20 uM) (P<0.05)
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potential in brain cells (Dwivedi et al.,2011).

Berberine exerts its effects by stimulating glycolytic
pathway and inhibiting mitochondrial respiration that
subsequently increases glucose metabolism (Yin et al.,
2008). To investigate whether berberine is solely active
against ROS produced by mitochondria, isolated
mitochondria were incubated with different concentrations
of berberine (10, 25 and 50uM) for 1 hr (Fig. 1B) and the
results were compared with untreated mitochondria. The
results showed that berberine only reduced ROS production
in intact mitochondria at 25pM (nearly 90% of control).
Berberine exhibit antioxidant properties by activating
AMPK which plays a role in regulating energy homeostasis,
amount of ATP in mitochondria and ROS production (Yin et
al.,2012).

When berberine pretreated mitochondria were
exposed to 20 uM arsenic (Fig. 1C), most efficient protection
was obtained only at 25 puM (6% decline in ROS
overproduction). At higher concentrations of As (40 and 100
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uM), berberine diminished ROS production significantly (up
to 12%) at all applied concentrations (Fig. 1D, E)
demonstrated that berberine was more effective when
applied subsequent to the higher concentrations of arsenic
exposure and berberine’s optimal protection was achieved
following 40 pM of As treatment.

Arsenic may contribute to different mechanisms for
toxicity induction in different concentrations. Beside the
oxidation of thiol groups of proteins and inhibition of
complex I (Paul et al., 2008), some studies have suggested
that arsenic may also inhibits mitochondrial complex II
(Dwivedietal.,2011; Drose, 2013; Hosseini et al., 2013). On
the other hand, Kysenius et al showed that berberine inhibit
complex I more effectively than rotenone at concentrations
lower than 10 uM (Kysenius et al., 2014). Concentrations of
0.1 to 10 nM berberine also significantly and dose-
dependently decreased ROS generation, improved
mitochondrial function and protected the mitochondria
against oxidative stress (Hsu et al., 2012). However, for
higher concentrations there is no clear mechanism regarding
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Fig. 2 : Mitochondrial membrane damage by different concentrations of berberine and As,O,; * Significant difference as compared to the control

(P00.05); ** Significant difference as compared to As,O, (P<0.05)
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the protective effect of berberine, although, it may be solely
related to its antioxidant activity. Berberine at 50pM could be
accumulated in mitochondria from intact and cancer cells.
Higher concentrations (over 50 uM) would be related to
accumulation in the nucleus and cytoplasm. This may be
associated to berberine structure because it has positively
charged isoquinolinium molecule that is similar to active
inhibitors of the mitochondrial respiratory chain and has
potential affinity for the negatively charged matrix. At high
concentration (50 uM), berberine may enhances the calcium
induced permeability transition in intact mitochondria
(Pereiraetal.,2007).

Rhodamine 123 accumulates in mitochondria by
facilitated diffusion and electric gradient force. The higher
the membrane potential, the more rhodamine 123 is trapped
into the matrix. Aqueous rhodamine solution has an emission
peak at 525 nm, whereas, in the mitochondrial matrix it is
highly concentrated and shows a red shift and a fluorescence
quenching. Upon mitochondrial damage, the ratio of red to
green fluorescence is decreased compared to healthy
mitochondria (Baraccaet al., 2003).

Fig. 2A shows the effect of different concentrations of
As on liver mitochondria at 20 UM concentration, 2.5 %
mitochondrial damage was observed as compared to control,
while at 40 UM As, the damage was elevated to 4.8 % and at
100 UM As mitochondrial damage was 7.26%. As shown in
Fig.2B, berberine at highest concentration (50 |LM) induced
MMP collapse, although no significant difference was noted
between 10, 25 UM and control in the rhodamine
fluorescence intensity (p<0.05).

From the results, MMP measurements revealed (Fig.
2 A-E) that arsenic increased mitochondrial damage.
Berberine exposure interestingly, yields similar results and
upon application showed some deleterious effects on MMP.
Pretreatment of mitochondria with berberine could not
protect mitochondria from being influenced by arsenic at 20
and 40 pM. However, at 100 uM As, mitochondria were kept
away from arsenic toxicity by berberine at all concentrations.

In conclusion, this study showed that mitochondria
were significantly affected when exposed to As and intensely
directed toward excess ROS production and mitochondrial
membrane disruption. Pretreatment with berberine, reduced
ROS amount and mitochondrial damage induced by arsenic.
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