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Abstract

Background: The combination of mitomycin C and cisplatin was proved to be beneficial in the treatment of lung
cancer, breast cancer, anal carcinoma and human cervical cancer treatment. However, dose related toxicity happens to
be one of the major concerns the treatment, leading to its discontinuation, although the patient’s response is encouraging.
The aim of the present investigation was to study the protective effects of Berberis aristata (10 mg/kg body weight) on
the mitochondrial dysfunction caused due to administration of mitomycin C (2 mg/kg body wt, i.p) and cisplatin (12 mg/
kg body wt, i.p).

Methods: We have investigated the effects and protective effects on oxidative phosphorylation, enzymes of
the electron transport system, lipid peroxidation and phospholipid composition in liver and kidney mitochondria.

Results: Co-administration of mitomycin C and cisplatin resulted in significant decrease in active respiration
(State 3 Respiration), Respiratory Control Ratio (RCR) and P/O ratio’s using either succinate or glutamate plus
malate as substrate. Altered enzyme activities of NADH dehydrogenase, succinate dehydrogenase, succinate-
cytochrome c reductase, NADH-cytochrome c¢ reductase, cytochrome ¢ oxidase was observed. The levels of lipid
peroxides were significantly increased, accompanied with a significant decrease in phospholipid content. Prior
administration of Berberis aristata protected against observed mitochondrial dysfunction.

Conclusions: Our results demonstrate that prior administration of Berberis aristata could reduce the
damage to mitochondrial function, by scavenging free radicals and thereby, preventing uncoupling of oxidative
phosphorylation, deactivation of enzymes of electron transport chain, generation of lipid peroxides, oxidation of
phospholipids ultimately inhibiting the signaling wave propagation to the mitochondria death receptor (membrane
bound cytochrome c), which generally leads to apoptosis.

Keywords: Berberis aristata; Mitochondria; Oxidative phosphoryla-
tion; RCR; P/O ratio; NADH; Succinate; Cytochrome c; Free radicals;
Lipid peroxides

Abbreviations: ADP: Adenosine diphosphate; BSA: Bovine Serum
Albumin; EDTA: Ethylene Diamine Tetraacetic Acid; FAD: Flavin
Adenine Dinucleotide; MDA: Malonaldehyde Bis (Dimethyl Acetal);
NADH: Nicotinamide Adenine Dinucleotide (Reduced); P/O: Phos-
phate to Oxygen Ratio; RCR: Respiratory Control Ratio; ETC: Electron
Transport Chain; ROS: Reactive Oxygen Species

Introduction

Cisplatin (cis-diaminedichloroplatinum (II) CDDP), is a plati-
num-containing anticancer drug. It is one of the routinely used cyto-
toxic agent, used in the treatment of a variety of malignancies [1,2].
Despite its excellent anticancer activity, its clinical use is often limited
by its undesirable side effects, such as severe nephrotoxicity and hepa-
totoxicity [1,3-5]. After a single dose of cisplatin, there is preferential
sequestration of the drug in the kidney, liver, intestine, and testis with
concentration in the kidney reaching 37 times higher, in comparison
to plasma [6]. Although, DNA damage followed by apoptosis was indi-
cated as a primary cytotoxic mechanism of cisplatin [7] it was observed
that cisplatin induced cell death occurs at a concentration that does
not inhibit synthesis of DNA [8,9], indicating alternative mechanism
of action. Cisplatin is shown to interact with DNA and proteins and
it is possible that the damage to cytoplasmic proteins is an early event
in the process of cisplatin-induced apoptosis [10,11]. Involvement of
cisplatin in stress response in both cancer cells [12] and normal kidney

proximal tubule cells [13], indicates that cisplatin may initiate apopto-
sis from the cytoplasm [14]. Some of the adverse effects reported with
overdose of cisplatin are kidney and liver failure, myelosuppression,
neuropathy, ototoxicity and blindness [15].

Mitomycin C is a naturally occurring antibiotic originally isolated
from the Gram-negative bacteria Streptomyces caespitosus. It is used as
a chemotherapeutic agent for the treatment of bladder, colon, breast,
gastrointestinal, lung, gynecologic, head and neck cancer [16,17].
Its ability to potentiate the response of cells, resistant to cisplatin as
a single agent has been proved by earlier investigators [18-20]. The
combination of mitomycin C and cisplatin was proved to be beneficial
in lung cancer [21], breast cancer [22], anal carcinoma and human
cervical cancer treatment [23]. Thus we have selected the combination
of mitomycin C and cisplatin for the present investigation.
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Mitochondria produce the majority of cellular ATP through oxida-
tive phosphorylation and carry out several other crucial metabolic pro-
cesses [24]. The oxidative phosphorylation is so far the major source of
ATP in mammalian cells relying on aerobic energy metabolism. The
electron transport chain (ETC) consists of: a) three major protein as-
semblies: mitochondrial respiratory complex I (NADH:ubiquinone
oxidoreductase), complex III (ubiquinol:ferricytochrome ¢ oxido-
reductase) and complex IV (cytochrome ¢ oxidase), which build up
transmembrane electrochemical potential (y) by coupling their elec-
tron transfer activities to H* translocation from the matrix (negative)
to the outer (positive) side of the inner mitochondrial membrane, and
b) two mobile carrier molecules, ubiquinone (Coenzyme Q) and cyto-
chrome c. The electrochemical gradient is then utilized for ATP synthe-
sis by complex V (ATP synthase). Succinate-Q oxidoreductase, which
is part of the tricarboxylic acid cycle, is also assigned to the respiratory
chain as complex II. All the respiratory chain complexes are made up of
numerous polypeptides and contain a series of different protein-bound
redox coenzymes, including flavins (FMN or FAD in complexes I and
II), iron-sulfur clusters (in I, II, and III), and hemes (in II, III and IV)
reviewed in [25]. Earlier studies from our lab had reported that mi-
tochondrial dysfunction was caused by the administration of alcohol
[26], thioacetamide [27], carbon tetrachloride [28] and cisplatin and
cyclophosphamide [29].

Studies have indicated that a combination of an effective
phytochemicals with chemotherapeutic agents would enhance drug
efficacy, while reducing toxicity to normal tissues [30]. Berberis
aristata (B.aristata) DC, known as ‘Daru haldhi’ in Ayurvedic system
of medicine, is extensively used in various systems of indigenous
medicine for treating a variety of ailments such as eye and ear
diseases, rheumatism, jaundice, diabetes, stomach disorders, skin
disease, malarial fever and as tonic etc. Phytochemical studies show
that the plant contains alkaloids like berberine, aromoline, karachine,
palmatine, oxyacanthine and oxyberberin reviewed in [31]. The species
of B. aristata is known for its hepatoprotective activity against hepatic
amoebiasis and is used in immunomodulation studies [32]. Post-
treatment with three successive doses of the extract (500 mg/kg, 6h)
restricted the hepatic damage induced by acetaminophen (p less than
0.01) but CCl,-induced hepatotoxicity was not altered. The plant extract
(500 mg/kg) caused significant prolongation in pentobarbital (75 mg/
kg) induced sleep as well as increased strychnine-induced lethality in
mice suggestive of inhibitory effect on microsomal drug metabolizing
enzymes (MDME).

Hepatoprotective action of the crude extract of B. aristata fruits
partly through MDME inhibitory action has been indicated [33]. Thus
the present study was undertaken to investigate the protective effect
of B. aristata against mitochondrial dysfunction induced due to co-
administration of mitomycin C and cisplatin.

Materials and Methods
Animals

Albino Wistar rats weighing 120 + 20 g were taken from the animal
house facility of the University of Hyderabad and checked for proper
growth for at least 8-10 days. They were fed with commercial pellet diet
and tap water ad libitum. Alcoholic extract of B. aristata was obtained
fromlocalhomeo stores. B. aristata dosage/time was standardized based
on the results obtained after treating rats with different concentrations
B. aristata and measuring the extent of protection offered by them. The

standardized dose was also checked for its effect, to rule out toxicity of
B. aristata when administered alone.

Treatment of experimental animals
The animals were divided into four groups of six animals each.
Groupl: Rats received saline.

Group 2: Rats received a single dose of mitomycin C (2 mg/kg
body weight, i.p.) and cisplatin (12 mg/kg body weight, i.p). Rats were
sacrificed 48 h after the administration of drugs.

Group 3: Alcoholic extract of B. aristata (10 mg/100 g body weight,
oral) was given for three days.

Group 4: Alcoholic extract of B. aristata (10 mg/100 g body weight,
oral) was given for three days and then followed by single dose of
mitomycin C (2 mg/kg body weight, i.p) and cisplatin (12 mg/kg body
weight, i.p). Rats were sacrificed 48 h after the administration of drugs.

Isolation of mitochondria

A slightly modified method of Lawrence and Davies [34] was used
for the preparation of mitochondria. Briefly, 10% liver homogenate was
prepared using Potter Elevehjem homogenizer with a Teflon pestle in
ice cold medium A (70 mM sucrose, 220 mM mannitol, 2 mM HEPES,
0.2 mM EDTA and 0.36 mg/ml of BSA, pH 7.4) followed by differential
centrifugation. For isolation of kidney mitochondria the kidney
capsules were removed by gently squeezing it in between the thumb
and fore finger. The kidney was cut and the medullary portion was
discarded. Mitochondria were then prepared from the cortex portion
following the same method as described for the liver. The final pellet
containing mitochondria was suspended in medium B (70 mM sucrose,
220 mM mannitol, pH 7.4). The protein content was determined using
Biuret method with BSA as a standard [35]. Mitochondria were used
immediately for the measurement of oxidative phosphorylation and
then stored at —80°C for biochemical assays. All procedures were
carried out at 4°C.

Measurement of oxygen consumption

Polarographic determination of oxidative phosphorylation was
carried out according to Estabrook [36] with Gilson 5/6 oxygraph
fitted with a Clark type of electrode. Respiration rates were measured at
25°C in a buffer (containing 50 mM sucrose, 50 mM Tris-HCI, 20 mM
potassium phosphate, 2 mM EDTA, 7 mM MgCl, chloride, pH 7.4)
and 1-2 mg of freshly isolated mitochondrial protein using an oxygen
electrode disc in an airtight chamber of 1 ml volume. Malate (4 mM)
and glutamate (2 mM) or succinate (9 mM) was used as the substrates.
Respiratory control ratio (RCR) was obtained from the ratio of ADP
stimulated state-3 respiration to ADP exhausted state-4 respiration and
ADP/O = P/O ratio which was calculated according to Estabrook [36].
Respiration was initiated by the addition of 9 mM sodium succinate or
2 mM glutamate plus 4 mM malate for succinate oxidase and NADH
oxidase, respectively. State-3 respiration was measured by the addition
of 200 and 400 nM of ADP for succinate oxidase and NADH oxidase,
respectively.

NADH dehydrogenase: [NADH: (Acceptor) oxidoreductase, EC
1.6.5.3]: NADH dehydrogenase was measured using potassium ferri-
cyanide as electrode acceptor [37]. The reaction system contained 250
mM sucrose, 30 mM Tris-Hcl, 10 mM Potassium phosphate, 5 mM
MgCl,, 1 mM KCN, 1 mM Pottasium ferriccynide, pH 7.4 and 20 pg of
mitochondrial protein (frozen and thawn) in a reaction volume of 1 ml.
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The reaction was initiated by the addition of NADH (1.5 mM) and the
rate of reduction of ferric cyanide was followed at 420 nm (E mM =1.0).

Succinate dehydrogenase: [Succinate: (Acceptor) oxide reduc-
tase, EC 1.3.5.1]: Succinate dehydrogenase was assayed using dicho-
rophenol indophenol (DCPIP) as an electron donor [38]. The reaction
system was same as that used NADH dehydrogenase assay except that
potassium ferricyanide was substituted by 1 mM phenazine methosul-
fate (PMS) and 70 uM DCPIP. The rate of reduction of DCPIP was
followed at 600 nm. 10 pg of mitochondrial protein was incubated with
10 pl of 0.5 M sodium succinate (pH=7.4) at room temperature for 10
min before assaying SDH activity (E mM=16.9).

Succinate- cytochrome c¢ reductase: [Succinate: Ubiquinone
Oxido reductase, EC 1.3.99.1]: The activity of Succinate-cytochrome
¢ reductase was determined by the modified method of Tisdale [39].
The reaction was carried out in a total volume of 1 ml and consisted of
buffer (10 mM Pottasium phosphate, 0.8 mM EDTA, 0.25 M Sucrose,
pH 7.4) 5 mM succinate, ] mM KCN, 2n moles of rotenone and 130
nmoles of ferric cytochrome C. The reaction was initiated by adding 20
mg of mitochondrial protein. The increase in the absorbance at 550 nm
was followed (E mM=19.1).

NADH-cytochrome ¢ reductase: [NADH: Ubiquinone Oxidore-
ductase, EC 1.6.99.3]: NADH-cytochrome ¢ reductase was determined
by the modified method of Hatefi and Reiske [40]. The reaction mix-
ture consisted of (1.0 M potassium phosphate- HCI buffer). 1 M NaN,,
1 mM EDTA, 1% deoxycholate, pH 8.0 and 1 % ferric cytochrome C.
20 pg of mitochondrial suspension was taken and the reaction was
initiated by the addition of 10 mM NADH. After 15 second incuba-
tion at 30°C, the reaction was followed for one minute by recording
the increase in absorbance of cytochrome ¢ at 550 nm. The activity of
NADH-cytochrome ¢ was deduced from increasing rate of absorbance
(E mM=19.1).

Cytochrome ¢ oxidase (EC 1.9.3.1): The enzyme was assayed by

following the decrease in the absorbance of ferro cytochrome C at 550

m [41]. The reaction was initiated by addition of 1 mg protein (E
mM=19.1).

Preparation of reduced cytochrome ¢: 17 mg of Cytochrome ¢ was
dissolved in 20 ml of 30 mM Pottasium Phosphate buffer, pH 7.4. It
was then reduced by addition of small amounts of sodium dithionate
[42] excess sodium dithionate was removed by dialysis against 30 mM
phosphate buffer, pH 7.4 for 10-20 hr with three to four changes of
buffer.

Assay of lipid peroxides by Thiobarbituric acid reaction: Lipid
peroxide level was determined in liver and kidney homogenates and
mitochondria [43]. A 10 % homogenate was prepared in 1.15% KCI
using potter elevehjem homogenizer. Mitochondria were washed with
1.15% KCl and suspended in the same medium. Protein estimation was
done by Biuret method [35]. To 5 mg protein, 0.2 ml of 8.1 % SDS,
1.5 ml of 20% acetic acid (adjusted to pH 3.5 with NaOH) and 1.5 ml
of 0.67% (w/v) aqueous solution of thiobarbituric acid were added.
The total volume was made up to 4.0 ml with distilled water and the
tubes were heated in a water bath at 95°C for 60 min using marble as
a condenser. A blank was also run simultaneously and tetramethoxy
propane was used as an external standard. After cooling, 1 ml of
distilled water and 5 ml of n-butanol were added, vortexed and then
centrifuged at 4000 rpm for 10 min at room temp. The absorbance of
organic layer was measured at 535 nm. The level of lipid peroxides is
expressed as n moles of MDA formed/100 mg protein.

Separation of mitochondrial phospholipids: Thin layer
chromatography was used for the separation of phospholipids.
Mitochondrial lipid was extracted by the procedure of Bligh and Dyer
[44]. About 6-8 mg of mitochondrial was used. The phospholipids were
separated using Chloroform: methanol: water (65:25:4). Inorganic
phosphorus was estimated [45]. It is expressed as phospholipid
phosphorus/gm tissue.

Chemicals

Cisplatin [cis-Diamminedichloroplatinum (II)] and Mitomycin
C were purchased from local medical stores. ADP, NADH, bovine
serum albumin (BSA), Hepes [N-(2-hydroxyethyl) piperazine-N-(2-
ethanesulfonicacid)], EDTA (ethylene diamine tetra acetic acid) and
cytochrome ¢, were purchased from Sigma Chemical Co. (St. Louis,
MO, USA). Sucrose and mannitol were purchased from MERK
(Darmstadt, Germany). All the other chemicals were of research grade.
Commercially reconstituted CDDP and mitomycin ¢ solution was
used. Solutions/Buffers were prepared with double distilled water.

Statistical analysis

All the values are expressed as mean + S.D. Statistical significance
was calculated using students ¢ test where P< 0.05 was considered to be
significant.

Results

The present investigation was undertaken to understand the
mechanism of toxicity of anticancer drugs mitomycin C and
cisplatin. This study was mainly focused on their effects on enzymes
of mitochondrial electron transport chain, membrane integrity as
measured by RCR, P/O ratios, level of lipid peroxides and changes in
phospholipid composition.

The dose and time duration of mitomycin C and cisplatin was
studied as a function of time and then treatment plan was finalized.
A similar study was undertaken to finalize the dose and duration
of treatment with B.aristata. Treatment schedule was followed as
mentioned in the methods section. To avoid experimental errors more
than six rats were included in each group. Results of all the parameters
in this study are expressed relative to control, which was taken as 100.
The actual values for the control group are given in the corresponding
figures.

Effects on oxidative phosphorylation

Externally added NADH cannot penetrate the tightly coupled
mitochondria, hence, glutamate and malate were used to reduce the
NAD* pool in the matrix, which was then oxidized by the respiratory
chain. NADH oxidase gives information on the ability of transfer of
electrons through all three sites of the electron transport chain. There
was a significant decrease in State 3 respiration (28%), Respiratory
control ratio (RCR) (32%) and P/O ratios (28%), when glutamate and
malate were used as substrates (Figure 1). Similarly, State 3 (26%), RCR
(30%) and P/O ratios (33%) were decreased, when succinate was used
as substrate. These effects were observed in the liver mitochondria of
group-2 (mitomycin C + cisplatin) rats, when they were compared with
group-1 (control) rats (Figure 2). Whereas, in group-4 rats (B. aristata
+ mitomycin C + cisplatin), prior administration of B. aristata, showed
protection against observed decrease in state 3 respiration (The actively
respiring state is referred to as state 3 respiration, while the slower rate
after all the ADP has been phosphorylated to form ATP is referred to as
state 4) RCR (Respiratory control ratio) and P/O ratios (The P/O ratio
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is the number of ATPs produced per pair of electrons traveling through
the electron transport system), by 70%, 79%,86% and by 77%, 77%,
70% respectively, with glutamate plus malate (Figure 1) and succinate
(Figure 2) as substrates. Administration of the B. aristata alone did not
show any significant change on the parameters studied above.

Studies on enzymes of electron transport chain

NADH Dehydrogenase is the first enzyme (Complex I) of the
mitochondrial electron transport chain. NADH dehydrogenase is the
largest and most complicated enzyme of the electron transport chain
[50]. NADH dehydrogenase activity was stimulated by 60% and 42%
respectively in liver and kidney mitochondria of group-2 (mitomycin
C and cisplatin) when compared to controls (Figure 3 and Figure
4). Prior administration of B. aristata could prevent elevation in the
activity of NADH dehydrogenase in group-4 (B. aristata + mitomycin
C and cisplatin). It could bring back the activities by 58% and 83% in
the liver and kidney mitochondria (Figure 3).

Succinate dehydrogenase is a membrane bound component of
the respiratory chain of aerobic organisms. In this study succinate
dehydrogenase activity was inhibited by 42% and 30% respectively in
the liver and kidney mitochondria in group-2 (mitomycin C + cisplatin)
when compared to control (Figure 3 and 4). Prior administration of B.
aristata to group-4 rats (Berberis aristata + mitomycin C + cisplatin)
relieved the inhibition, by 85% and 76% respectively in liver and kidney
mitochondria.

The other enzymes of mitochondrial electron transport system
that were inhibited were NADH: cytochrome c¢ reductase, Succinate:
cytochrome ¢ reductase and cytochrome ¢ oxidase in group-2
(mitomycin C + cisplatin) rats. These enzymes were inhibited by 37%,
29% and 34% respectively in liver (Figure 5) and 37%, 29% and 34%
respectively in kidney mitochondria (Figure 6). Prior administration
of B. aristata could relieve the inhibition on NADH: cytochrome
¢ reductase, succinate : cytochrome ¢ reductase and cytochrome ¢
oxidase, by 86%, 100% and 79% respectively in liver and by 70%, 77%
and 91% respectively in kidney mitochondria, in group-4 rats (Figure
5 and Figure 6).

Effect on lipid peroxide levels

Co-administration of mitomycin C and cisplatin to rats resulted in
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Figure 1: Effect of co-administration of mitomycin C and cisplatin with or without
the administration of B.aristata on NADH oxidase. Rate of respiration was mea-
sured using glutamate + malate as substrate by the addition of 400 n mols of
ADP. It was expressed as n moles of oxygen consumed per minute per milligram
protein. RCR is the ratio of ADP stimulated state-3 to ADP exhausted state 4
respiration and P/O = ADP/O ratio. The control values for state-3 ADP respira-
tion, RCR and P/O ratio were 72+7.9, 4.32+0.60 and 2.90+0.13 respectively. All
the values are expressed relative to controls, which were taken as 100. *P<0.05,
**P<0.01. Values are Mean + SD for at least 13 animals.
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Figure 2: Effect of co-administration of mitomycin C and cisplatin with or without
the administration of B.aristata on succinate oxidase. The animals were divided
into four groups of six animals each. Group-1, received saline, group-2, received
a single dose of mitomycin C (2 mg/kg body weight, i.p.) and cisplatin (12 mg/
kg body weight, i.p). Rats were sacrificed 48 h after the administration of drugs.
Group-3, received alcoholic extract of B.aristata (10 mg/100 g body weight, oral)
for three days. Group-4 recieved alcoholic extract of B.aristata (10 mg/100 g
body weight, oral) for three days, followed by single dose of mitomycin C (2 mg/
kg body weight, i.p) and cisplatin (12 mg/kg body weight, i.p). Rats were sacri-
ficed 48 h after the administration of drugs. Rate of respiration was measured
using succinate as substrate by the addition of 200 nmols of ADP. It was ex-
pressed as n moles of oxygen per minute per milligram protein. RCR is the ratio
of ADP stimulated state-3 to ADP exhausted state 4 respiration and P/O=ADP/O
ratio. Control values for the rate of respiration, RCR and P/O ratio using succi-
nate as a substrate were 120 + 11, 4.1 £ 0.31 and 1.85 % 0.056, respectively. All
the values are expressed relative to control, which were taken as 100. *P<0.05,
**P <0.01. Values are Mean + SD for at least 13 animals.
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Figure 3: Effect of co-administration of mitomycin C and cisplatin with or without
the administration of B.aristata on the rate of on NADH dehydrogenase and
succinate dehydrogenase of liver mitochondria. The animals were divided into
four groups of six animals each. Group-1, received saline, Group-2, received
a single dose of mitomycin C (2 mg/kg body weight, i.p.) and cisplatin (12 mg/
kg body weight, i.p). Rats were sacrificed 48 h after the administration of drugs.
Group-3, received alcoholic extract of B.aristata (10 mg/100 g body weight, oral)
for three days. Group- 4 received alcoholic extract of B.aristata (10 mg/100 g
body weight, oral) for three days, followed by single dose of mitomycin C (2 mg/
kg body weight, i.p) and cisplatin (12 mg/kg body weight, i.p). Rats were sac-
rificed 48 h after the administration of drugs. NADH dehydrogenase assay: 20
ug of mitochondrial protein was used for each assay NADH (10 mM) was used
as substrate. NADH dehydrogenase activity was expressed as NADH units/min/
mg protein. (One NADH Unit = One n mole of potassium ferricyanide reduced /
min/ mg /protein). Succinate dehydrogenase assay: 30 pg of mitochondrial pro-
tein was used for each assay. Succinate (9 mM) was used as substrate. SDH
activity was expressed as SDH units/ min/ mg protein. (One SDH Unit + One
n mole of DCPIP reduced/min/ mg protein). Results are expressed relative to
control which was taken as 100. The control values of NADH dehydrogenase
and succinate dehydrogenase were 2750 + 20 and 146 + 20 respectively in
liver mitochondria. *P<0.05, **P <0.01, ***P<0.001. Values are Mean # SD for
at least 13 animals.

75% and 68% elevation in the content of free radicals in liver and kidney
homogenate in group-2 (mitomycin C + cisplatin) rats, compared to
controls. Prior administration of B. aristata to group-4 (B. aristata +
mitomycin ¢ + cisplatin) rats, could relieve inhibition to a significant
level (Results not shown). The lipid peroxide levels were measured by
the thiobarbutric acid assay. The level of lipid peroxides was expressed
as n moles of MDA formed/ 100 mg protein. The lipid peroxide levels
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estimated in group-2 (mitomycin C + cisplatin) showed increase by
34% in liver homogenate, 48% in liver mitochondria, and 34% in
kidney mitochondria respectively (Figure 7) when compared to control

EE8 NADH Dehy drogenase
B3 Succinate dehydrogenase

Percent control

Figure 4: Effect of co-administration of mitomycin C and cisplatin with or without
the administration of B.aristata on the rate of on NADH dehydrogenase and
succinate dehydrogenase of kidney mitochondria. The animals were divided into
four groups of six animals each. Group-1, received saline, Group-2, received a
single dose of mitomycin C (2 mg/kg body weight, i.p) and cisplatin (12 mg/kg
body weight, i.p). Rats were sacrificed 48 h after the administration of drugs.
Group-3, received alcoholic extract of B.aristata (10 mg/100 g body weight, oral)
for three days. Group-4 recieved alcoholic extract of B.aristata (10 mg/100 g
body weight, oral) for three days, followed by single dose of mitomycin C (2
mg/kg body weight, i.p) and cisplatin (12 mg/kg body weight, i.p). Rats were
sacrificed 48 h after the administration of drugs. Values are mean = S.D. from
at least six rats in each group. NADH dehydrogenase assay: 20 pg of mitochon-
drial protein was used for each assay NADH (10 mM) was used as substrate.
NADH dehydrogenase activity was expressed as NADH units/min/ mg Protein
(One NADH Unit = One n mole of potassium ferricyanide reduced /min/ mg /
protein). Succinate dehydrogenase assay: 30 ug of mitochondrial protein was
used for each assay. Succinate (9 mM) was used as substrate. SDH activity was
expressed as SDH units/ min/ mg protein (One SDH Unit + One n mole of DCPIP
reduced/min/ mg protein). Results are expressed as relative to control which was
taken as 100. The control values of NADH dehydrogenase and succinate dehy-
drogenase are 2030 + 214 and 107 * 14 respectively in liver mitochondria. Val-
ues are Mean * SD for at least 13 animals. * P<0.05, **P < 0.01 and ***P< 0.001.
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E= Succinate:cyto ¢ reductase
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Figure 5: Effect of co-administration of mitomycin C and cisplatin with or with-
out the administration of B.aristata on respiratory chain enzymes. of liver mi-
tochondria. The animals were divided into four groups of six animals each.
Group-1, received saline, group 2, received a single dose of mitomycin C (2 mg/
kg body weight, i.p) and cisplatin (12 mg/kg body weight, i.p). Rats were sacri-
ficed 48 h after the administration of drugs. Group-3, received alcoholic extract
of B.aristata (10 mg/100 g body weight, oral) for three days. Group-4 received
alcoholic extract of B.aristata (10 mg/100 g body weight, oral) for three days,
followed by single dose of mitomycin C (2 mg/kg body weight, i.p) and cisplatin
(12 mg/kg body weight, i.p). Rats were sacrificed 48 h after the administration
of drugs. NADH: cytochrome ¢ reductase: 20 pg of mitochondrial protein was
used for each assay. Activity is expressed as n moles of cytochrome ¢ reduced
/min/ mg protein. Results are expressed relative to control which is taken as
100. The control value was 254+24. Succinate:cytochrome c¢ reductase: 20
pg of mitochondrial protein was used for each assay. Activity was expressed
as n moles of cytochrome ¢ reduced /min/ mg protein. Results are expressed
relative to control which is taken as 100. The control value was 49+6.4. Cy-
tochrome ¢ oxidase: 1 pg of mitochondrial protein was used for each assay.
Reduced cytochrome ¢ was used for each assay. Activity was expressed as n
moles of cytochrome c¢ reduced / min/ mg protein. Results are expressed rela-
tive to control which was taken as 100. The control value is 1138+134. Values
are Mean + SD for at least 13 animals. *p<0.05, **p<0.01 and ***p< 0.001.

B33 NADH:cyto creductase

E=3 Succinate: cyto ¢ reductase
E= Cytochrome ¢ oxidase

Percent control

Figure 6: Effect of co-administration of mitomycin C and cisplatin with or with-
out the administration of B.aristata on respiratory chain enzymes.of kidney
mitochondria. The animals were divided into four groups of six animals each.
Group-1, received saline, group- 2, received a single dose of mitomycin C (2
mg/kg body weight, i.p.) and cisplatin (12 mg/kg body weight, i.p). Rats were
sacrificed 48 h after the administration of drugs. Group 3, received alcoholic
extract of B.aristata (10 mg/100 g body weight, oral) for three days. Group-
4 received alcoholic extract of B.aristata (10 mg/100 g body weight, oral) for
three days, followed by single dose of mitomycin C (2 mg/kg body weight, i.p
) and cisplatin (12 mg/kg body weight, i.p). Rats were sacrificed 48 h after the
administration of drugs. NADH: cytochrome c¢ reductase: 20 ug of mitochon-
drial protein was used for each assay. Activity is expressed as n moles of cy-
tochrome c¢ reduced /min/ mg protein. Results are expressed relative to control
which was taken as 100. The control value was 262+13. Succinate:cytochrome
¢ reductase: 20ug of mitochondrial protein was used for each assay. Activity
is expressed as n moles of cytochrome ¢ reduced /min/ mg protein. Results
are expressed relative to control which was taken as 100. The control value is
33+4.0. Cytochrome c oxidase: 1 pg of mitochondrial protein was used for each
assay. Reduced cytochrome ¢ was used for each assay. Activity was expressed
as n moles of cytochrome ¢ reduced / min/ mg protein. Results were expressed
relative to control which was taken as 100. The control value is 884+86. Values
are Mean + SD for at least 13 animals. *p<0.05, **p<0.01, and ***p<0.001.

group. Prior administration of B. aristata to group-4 rats (B. aristata +
mitomycin C and cisplatin) could protect mitochondria from against
lipid peroxide damage by controlling the generation of lipid peroxides
completely in liver homogenate, by 70% in liver mitochondria and 34%
in kidney mitochondria respectively.

Estimation of phospholipid content

Thin layer chromatography was used for the separation of
phospholipids. Mitochondrial lipid was extracted by the procedure
of Bligh and Dyer [44]. About 6-8 mg of mitochondria was used.
The phospholipids were separated using Chloroform: methanol:
water (65:25:4). Inorganic phosphorus was estimated according
to the method of Fiske and Subbarow [45]. It was expressed as
phospholipid phosphorus/gm tissue. Administration of mitomycin C
plus cisplatin in rats (group-2) resulted in a significant decrease in the
phospholipid composition of liver mitochondria, when compared to
controls. There was a 29% decrease in phosphotidyl choline content
and 48% decrease in cardiolipin content where as there was no effect
on phosphatidylethanolamine content in group-2 rats. The total
phospholipid content was also decreased by 45%, when compared
to controls (Figure 8). Administration of alcoholic extract of B.
aristata resulted in 79% and 91% recovery over the decreased levels of
phosphatidylcholine and cardiolipin content whereas there was almost
complete recovery, on the decreased levels of total phospholipids.
Administration of B. aristata alone did not show any significant effects
compared to control on any of the parameters studied (Figure 8).

Discussion

Berberis aristata is spinous shrub native to northern Himalaya
region. The plant is distributed from Himalayas to Srilanka, Bhutan
and hilly areas of Nepal in Himalaya region. It is found in Himachal
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Pradesh. It is also found in Nilgiris in South India [31]. Studies
have revealed its efficacy in giving antimicrobial, hepatoprotective,
immunomodulatory, and anti-depressant activities [46]. The decoction
of B. aristata leaves, commonly known as ‘Rashat’, is an alternative
and deobstruent, and is commonly used to treat skin diseases,
menorrhagia, diarrhea, cholera, jaundice, eye and ear infections, as
well as urinary tract infections. B. aristata extracts have also been
reported to cure hepatotoxicity [46]. In the present investigation
alcoholic extract of B. aristata was administered to rats for three
days at 10 mg/kg body weight followed by treatment with single dose
of mitomycin ¢ and cisplatin. In order to test whether B. aristata is
safe by itself, alcoholic extract of B. aristata alone was administered
to group-3 rats. The dose and the duration of the treatment of B.
aristata was standardized. Group-1 rats received saline and were
treated as controls (group-1). We believe that after the soon after the
administration, these drugs (mitomycin C + cisplatin) accumulate in
liver and kidney [6]. Their accumulation may decrease the antioxidant
capacity of tissue, thus leading to generation and accumulation of free
radicals. These free radicals, would lead to mitochondrial dysfunction
as they could induce metal catalyzed oxidation within the active centers
of respiratory chain complexes initiating a chain reaction involving
the protein peroxides within the enzyme complexes, finally leading to
inactivation of proteins [47-51]. Inactivation of proteins, would result
in loss of coordination between the activity of the oxidative chain
(complex I to IV) and the ATPase (complex V), ultimately leading to
imbalance in ATP which is otherwise tightly regulated in terms of no
of ATP generated [52]. Thus, inactivation of proteins may result in
uncoupling of oxidative phosphorylation leading to deficiency in the
generation of ATP generation or decreased energy levels. Our studies
have indicated elevated levels of lipid peroxides in liver homogenate,
liver mitochondria and kidney mitochondria of rats treated with
mitomycin C and cisplatin. Lipid peroxides can cause various effects
in the cell. The most important one being affecting membrane
fluidity, leading to increased permeability to protons, finally leading
to uncoupling of oxidative phosphorylation [53] due to covalent
modification of membrane proteins [54]. Lipid peroxidation products,
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Figure 7: Effect of co-administration of mitomycin C and cisplatin with or without
the administration of B. aristata on lipid peroxide level. The animals were divided
into four groups of six animals each. Group-1, received saline, Group-2, received
a single dose of mitomycin C (2 mg/kg body weight, i.p.) and cisplatin (12 mg/
kg body weight, i.p). Rats were sacrificed 48 h after the administration of drugs.
Group-3, received alcoholic extract of B.aristata (10 mg/100g body weight, oral)
for three days. Group-4 recieved alcoholic extract of B.aristata (10 mg/100 g body
weight, oral) for three days, followed by single dose of mitomycin C (2 mg/kg
body weight, i.p ) and cisplatin (12 mg/kg body weight, i.p). Rats were sacrificed
48 h after the administration of drugs. 2 mg of protein was used for each assay.
Tetramethoxypropane was used as an external standard. Lipid peroxide level is
expressed as n moles MDA formed/100 mg protein. Results were expressed rela-
tive to control which was taken as 100. The control values are 139+11.7, 149+19
and 76+2.1 for liver homogenate, kidney homogenate and liver mitochondria.
Values were MeanzSD for at least 13 animals. *p<0.05, **p<0.01 and ***p<0.001.
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Figure 8: Effect of co-administration of mitomycin C and cisplatin with or without
the administration of B.aristata on phospholipid composition of liver mitochon-
dria. The animals were divided into four groups of six animals each. Group-1,
received saline, group-2, received a single dose of mitomycin C (2 mg/kg body
weight, i.p.) and cisplatin (12 mg/kg body weight, i.p). Rats were sacrificed 48 h
after the administration of drugs. Group-3, received alcoholic extract of B.aristata
(10 mg/100 g body weight, oral) for three days. Group-4 received alcoholic ex-
tract of B.aristata (10 mg/100 g body weight, oral) for three days, followed by
single dose of mitomycin C (2 mg/kg body weight, i.p) and cisplatin (12 mg/kg
body weight, i.p). Rats were sacrificed 48 h after the administration of drugs.
All the values are expressed relative to the control, which is taken as 100. The
control values of are 24 + 1.8, 32 + 2.0, 26 + 1.2 and 36 + 1.0 for total phospholip-
ids, phosphatidylcholine, phosphatidylethanolamine and cardiolipin respectively.
Values are Mean + SD for at least 13 animals. *p<0.05, **p<0.01 and ***p<0.001.

lipid hydroperoxides, generate very reactive unsaturated aldehydes
like 4-hydroxy 2-nonenal (4-HNE), malondialdehyde (MDA), and
acrolein, which can induce a chain reaction leading to the generation
of new radicals which intensifies lipid peroxidation. In mitochondrial
membranes, unsaturated fatty acids, being components of
phospholipids, are very susceptible to oxidation by the hydroxyl radical.
Our present investigation on mitomycin C and cisplatin also proves
this point, the decrease in total content of phospholipids along with
decreased content of other phospholipids mainly phosphotidylinositol,
phosphotidyl ethanolamine and cardiolipin indicates lipid peroxides
mediated damage to phospholipids of mitochondrial membrane.
In earlier studies, alterations in cardiolipin also have been linked
with mitochondrial membrane proteins altered activities of NADH
dehydrogenase [55] and cytochrome c. Our observations, with respect
to increased activities of NADH dehydrogenase and inhibited activities
of cytochrome ¢ oxidase could be related to alterations in cardiolipin
content, due to lipid peroxides generated by free radicals. Furthermore,
previous investigations by Sanchez-Alcazar et al. [56] reported that,
teniposide and other chemotherapeutic agents increased the levels of
proteins of the mitochondrial respiratory chain, such as cytochrome
¢, and subunits I and IV of COX, suggesting that the increase in
mitochondrial protein expression may play a role in the early cellular
defense against anticancer drugs. Cardiolipin appears to be major
signaling factor in this whole cascade of events. It has been reported
that under normal conditions, the cardiolipin-bound cytochrome ¢
assumes the role of a membrane-bound peroxidase, that can effectively
catalyze oxidative stress and cause oxidation of Cardiolipin. However,
under oxidative stress, membrane-bound cytochrome ¢ acts as a
mitochondrial death receptor, transducing proapoptotic signals into
executing oxidative cascades with a consequent overload of oxidized
cardiolipin species, detachment of cytochrome ¢ from the membrane
and formation of mitochondrial permeability transition pore (mPTP)
and collapse of mitochondrial membrane potential, mitochondrial
swelling, cytochrome ¢ release and the subsequent engagement of
the Apaf-1-pro-caspase 9 apoptosome complex, which activates
downstream effector caspases leading finally to apoptosis [57]. We
believe that the consequence of above mentioned events manifests
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as adverse effects of chemotherapy; excessive sweating (uncoupling
of oxidative phosphorylation is another well-defined mechanism for
mitochondrial toxicity. Uncoupling means that the protons, shifted
from the mitochondrial matrix to the space between inner and outer
membrane, do not pass across the FOF1ATPase (complex V) back
to the mitochondrial matrix, but instead go directly across the inner
mitochondrial membrane. The result is production of heat, but not
of energy in the form of ATP), fatigue and less energy to perform
various activities (decreased ATPase activity along with decreased
membrane potential finally leading to deficiency of ATP which
means decreased energy levels), Hepatic or renal dysfunction as ATP-
depletion may induce ultra structural changes in liver and kidney cells,
the primary cell injury and programmed cell death, this in turn may
accelerate reactive oxygen metabolites formation by the damaged cells,
which may contribute to an amplification loop leading to reactive
oxygen metabolites -mediated cell death of the same cell or even the
neighboring cells [58].

Our studies prove protective effects of B. aristata on mitochondrial
dysfunction induced by mitomycin C and cisplatin. The mechanism
of protection offered by the plant extract was not included in the
present investigation but based on the results obtained could be by the
following mechanism; a) By scavenging free radicals, thus preventing
uncoupling of oxidative phosphorylation, protecting enzymes of
electron transport chain from deactivation and hence restoring ATPase
activity and membrane potential, protecting against lipid peroxidation
of phospholipids and preventing detachment of cardiolipin from
cytochrome ¢, as this could result in transduction of proapoptotic
signals leading to changes in permeability of mitochondrial membrane
ultimately leading to apoptosis. Furthermore, we believe that it may
offer protection against induction of apoptosis by either the pathways
(intrinsic and extrinsic) as there is evidence that the two pathways are
linked and that molecules in one pathway can influence the other [59].
Although there are no direct evidences showing B. aristata extracts
causingtheinhibition ofapoptotic signal generated by chemotherapeutic
agents, but the work done by Zhou et al. [60] elegantly demonstrates,
that berberine shows its protective effect by decreasing ROS and
there by inhibiting mitochondrial apoptotic pathway. However, the
protective effect of B. aristata against cisplatin induced nephrotoxicity
is already reported [61] which is an evidence that B. aristata extracts
could be exerting effect by the inhibition of apoptotic signal generated
by chemotherapeutic agents. b) By modulation of the glycolytic
pathway thereby, increasing NADPH production (with a consequent
decrease in intracellular ROS levels) and lowering the sensitivity of cells
to p53-dependent apoptosis induced by oxidative stress [62]. ¢) By the
inhibition of MDME enzymes [63]. The active principle involved in the
antioxidant effect is not known yet and can be attributed to Berberine
and palamatine, which are major alkaloids found in Berberis aristata
[64].

In conclusion, our work elucidates the mechanism of oxidative
stress observed due to administration of mitomycin C and cisplatin and
proves beneficial effects of B. aristata in reducing drug related toxicity.
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