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Abstract: Cisplatin is known by its toxicity by disturbing electrolytes homeostasis. Thus we aimed to find out the role
of herbal plant Cichorium intybus on Cisplatin — induced toxicity. 24 male Albino Wistar rats were randomly divided
into 4 groups: Group I is termed as untreated control; Group II is Cisplatin control and received 3 mg/ kg b.w.; i.p.;
Group III received C. intybus ethanolic extract at a dose of 500 mg/kg b.w. orally for 10 consecutive days and Group IV
is Cisplatin + C. intybus pretreated group. C. intybus is given 30 minutes prior to Cisplatin. Cisplatin — induced
electrolytes disturbances is indicated by increase Intra - erythrocyte sodium content, decreased plasma magnesium,
calcium and Intra-erythrocyte Na'-K'-ATPase which implicates the renal toxicity. At a dose of 500 mg/kg b.w. of C.

Intybus pretreatment showed partial counter action on the electrolytes imbalances and Na™ -K" -ATPase activity.
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INTRODUCTION

Cisplatin (cis-diamminedichloroplatinum) therapy causes
renal toxicity in a dose limiting manner (Shoaib et al.,
2005; Naziroglu et al., 2004). A Cisplatin forms adduct
with DNA which is responsible for toxic lesions in
cancerous cells and non quiescent cells. However,
proximal tubular cells are selectively damaged. It is
suggested that programmed death cells, production of
reactive oxygen species, inflammation (Lee et al., 2011)
and the disturbances of intracellular calcium homeostasis
(Qinhong et al., 2001) and vascular resistance (Pani et al.,
2011) are characteristic of Cisplatin toxicity (Lee et al.,
2011). The excretory route of Cisplatin is through Kidney
therefore it is more susceptible to Cisplatin toxicity (Lee
et al., 2011). Cisplatin uptake in proximal tubular cells
through Passive diffusion (Kroning et al., 2000) and
OCT2 (organic cation transporter). Ciarimboli et al.
found that transport through these membrane protein is
poly specific, electrogenic, voltage-dependent, bi-
directional, pH-independent and Na-independent.
Production of ROS (reactive oxygen species) production
NADPH oxidase causes by increased level of intracellular
calcium level which damaged mitochondria (Kawai et al.,
20006), cell membrane and DNA which causes membrane
lipid peroxidation, decreased membrane fluidity and DNA
mutations results cancer, degenerative and other diseases.
S3 segment of medulla shows pathological changes (Vela
et al., 2011). Cisplatin causes membrane electrolytes
disturbances include hypomagnesaemia, hypo-calcaemia,
hypophosphataemia and hypokalaemia or hyperkalaemia
(Katrin et al., 2006).

Cichorium intybus Linn is a herbal medicinal plant. It has
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been a tonic effect upon liver and digestive tract and for
ulcer as well (Varotto et al., 2000). It is found to have a
higher concentration of Calcium, sodium, potassium and
Magnesium in plant (Sanderson et al., 2002). In present
study, we examined the alone and synergistic effect of
Cichorium Intybus on plasma and intra-erythrocytes
electrolytes and Na'-K'-ATPase activity, during the
Cisplatin therapy in experimental rat model.

MATERIALS AND METHODS

Animals and diet

24 male Albino Wistar rats (200-260 g b.w.), purchased
from the animal house of ICCBS (International center for
Chemical and Biological Center Karachi, Pakistan) for the
study. Animals were kept to the laboratory for one week
before the start of experiment and caged in a quite
temperature controlled room (23 + 4°C). Drinking water
and standard rat’s diet are easily available for Rats. The
experiments were followed in accordance with ethical
guidelines of internationally accepted principles for
Laboratory use and care in animal research (Health
research extension Act of 1985)

Crude extraction of plant Cichorium intybus Linn

The herbal plant was collected from Northern area of
Pakistan and identified by experts. By weight (10 kg)
dried aerial parts of the plant was powdered, screened and
soaked in 10 L ethanol for 1 week. The filtrate was
separated and concentrated under vacuum using a rotary
evaporator, gave a dark green semisolid extract (it’s yield
was 44.4%). Standardization of the plant extract was done
by quantification of a gallic acid as a reference standard
using HPLC.
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Study design
Twenty four rats were divied into four groups, six rats in
each group and received the following treatment:

Group I: Control group remains untreated

Group Il (Nephrotoxic): (+ve Cisplatin control) received
Cisplatin intraperitoneally at a dose of (3 mg/kg
body weight) for 5 alternate days

Group Ill: Antioxidant treated group and received
C.Intybus orally (500 mg/kg body weight) for 10
consecutive days

Group IV: Synergistically treated group and received
Cisplatin i.p. (3 mg/kg body weight) for 5 alternate
days + C. intybus orally (50 mg/kg body weight) for
10 consecutive days. Extract was given thirty
minutes prior to Cisplatin.

The rats were sacrificed after 48 hrs of last dose. The
blood was collected in a lithium heparinized coated tubes,
mixed gently, plasma separated by using centrifuge at
a speed of 2000 rpm for 20 minutes. Plasma was stored at
-70°C in disposable Eppendorff tubes.

The RBC’s was washed and processed for analysis of
electrolytes and ATPase.

Analytical method

Assessment of electrolytes homeostasis plasma
separation for electrolytes estimation

Plasma Sodium and Potassium was estimated by flame
photometry (Corning 410), Estimation of Plasma Calcium
ion by Ion Selective Electrode Method Jenway (Ion Meter
3345).

Estimation of intra-erythrocyte sodium and potassium
(Fortes and Starkey, 1977)

RBC’s were washed three times at room temperature with
MgCl, solution (112 M), centrifugation at 12000 rpm at
4°C for 5 minutes. Packed cell volume was estimated by
microhaematocrit capillary tubes.

Lyses the cell suspension with 0.01 mL of saponin
solution (20 % in MgCl, 112 mM) then determine the
intra- erythrocytes sodium and potassium by taking 0.3
mL of lysate to 10 mL of lithium nitrate diluent (15
mM). Intensities of erythrocyte sodium and potassium
was calculated as mM by using flamephotometery.

Erythrocyte membrane preparation

The washed RBC’s then treated with 25 volumes of 0.011
M Tris-HCI buffer at pH = 7.4 at 4°C, 12000 rpm for 30
minutes 3 X. The membrane yield was ~4 mg protein/mL
of Tris buffer. Biuret method was used to detect the
concentration of protein (Savory et al., 1968) and stored
at -80°C until the analysis.

Erythrocyte Na*-K*-ATPase activity measurement
(Denis et al., 1996)

Briefly a mixture consists of 92 mM Tris-HCI (pH = 7.4),
100 mM NaCl, 20 mM KCl, 5 mM MgSO4.H,0 and 1
mM EDTA were preincubated with membrane pellete
(400 pg) for 10 minutes at 37°C. Na-K-ATPase activity
was calculated by measuring the differences of the release
of inorganic phosphate with and with out incubated for 10
minutes with 1Mm Ouabain (Na-K-ATPase inhibitor).
Activity was corrected to a nanomolar concentration of
inorganic phosphate released and calculated as nm/mg
protein/hour.

Estimation of plasma magnesium (Hallry and Sky Peck,
1964)

Briefly, 0.2 mL of plasma was taken and mixed with 1.8
mL of TCA (5% w/v) to make protein free filtrate. Then
take out 1 mL of filtrate and add 1.5 mL of titan yellow
(0.05%) and 0.5 mL of NaOH (4 N). A blank was
prepared by taking 1 mL of deionized water & treated
similarly. The color intensity was measured against blank
at 540 nm after 15 minutes incubation at room
temperature on Schimadzu-spectrophotometer UV-120-
01.

STATISTICAL ANALYSIS

Results are presented as mean + SD. Statistical
significance and difference from control and test values
were evaluated by Student’s t-test. P-values of P<0.001,
P<0.01 and P<0.05 were considered significant.
Significant difference between Control with Cisplatin,
CIE and Cisplatin + CIE-pretreated rats by t-test
represented by **P < 0.05, *P < 0.01, ***P<0.001.
Significant difference between +ve Control Cisplatin with
CIE and Cisplatin + CIE-pretreated rats by t-test
represented by +++P<0.001, ++P < 0.05, +P <0.01

RESULTS

Intra-erythrocytes sodium level in control, Cisplatin,
Cichorium intybus extract (CIE) and CDDP +CIE

Intra-erythrocytes sodium levels were increased in
Cisplatin treated rats (P<0.05). CIE treated rats showed
decreased level when compared with cisplatin control
(P<0.01) while no change were observed in CDDP+ CIE
pretreated rats when compared with cisplatin control

(fig. 1).

Intra-erythrocytes potassium level in control, Cisplatin,
Cichorium intybus extract (CIE) and CDDP +CIE

Intra — erythrocytes potassium was decreased (P<0.05)
when compared with control. CDDP + CIE pretreated rats
showed slightly decreased potassium level (P<0.05) when
compared with cisplatin control while no changes were
observed in alone CIE treated rats.
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Intra-erythrocytes Na'-K*-ATPase level in Control,
Cisplatin, Cichorium Intybus extract (CIE) and CDDP
+CIE

Cisplatin treated rats showed marked decrease level of
Na'-K'-ATPase level when compared with control
(P<0.01), while alone CIE treated rats slightly decreased
Na'-K'-ATPase (P<0.01). No significant changes were
observed when compared with cisplatin control.

Plasma Mg*" level in control, Cisplatin, Cichorium
intybus extract (CIE) and CDDP +CIE
Plasma Mg level was decreased when compared with
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control (P<0.01). CIE treated rats showed decrease Mg
level when compared with cisplatin control (P<0.05)
while no changes were observed in CDDP + CIE when
compared with cisplatin control (fig. 4).

Plasma Ca*™ level in control, Cisplatin, Cichorium
intybus extract (CIE) and CDDP +CIE

Fig. 5 showed decreased Ca"" level in cisplatin treated
rats when compared with control (P<0.05), while no
changes were observed in CDDP + CIE when compared
with cisplatin control.
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Fig. 1: Intra-erythrocytes Na' level in Control, Cisplatin,
C. intybus and CDDP + C. intybus - pretreated rats.
**P<0.05 when compared with control, + P<0.01 when
compared with cisplatin control

Fig. 2: Intra-erythrocytes K" level in Control, Cisplatin,
C. intybus and CDDP + C. intybus - pretreated rats
**P<0.05 when compared with control, ++ P<0.05 when
compared with cisplatin control
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Fig. 3: Intra-erythrocytes Na'-K'-ATPase level in
Control, Cisplatin, C. intybus and CDDP + C. Intybus -
pretreated rats.

*#*%P<(0.001 when compared

Fig. 4: Plasma Mg level in Control, Cisplatin, C.
intybus and CDDP + C. intybus - pretreated rats.

*P<0.01 when compared with control, ++ P<0.05 when
compared with cisplatin control
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Fig. 5: Plasma Ca'" level in Control, Cisplatin, C. intybus
and CDDP + C. intybus - pretreated rats.
**P<0.05 when compared with control.

Plasma Na* level in control, Cisplatin, Cichorium
intybus extract (CIE) and CDDP +CIE

Slightly decreased plasma Na' level was observed in
cisplatin treated rats and CIE treated rats when compared
with control (P<0.05) while no changes were observed in
CDDP+CIE pretreated rats when compared with cisplatin
control (fig. 6).

Plasma K™ level in control, Cisplatin, Cichorium intybus
extract (CIE) and CDDP +CIE

Fig. 7 showed increased plasma K" level when compared
with control in cisplatin treated rats (P<0.01). CIE treated
rats showed decreased K level when compared with
cisplatin control (P<0.05) while no changes were
observed in CDDP+CIE pretreated rats when compared
with cisplatin control.
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Fig. 7: Plasma K" level in Control, Cisplatin, C. intybus
and CDDP + C. intybus - pretreated rats.

*P<0.01 when compared with control, ++ P<0.05 when
compared with cisplatin control

130 4

125 * %

g

115 4

Plasma Na(mmol/L)

110

105

100

Control CDDP C.Intybus CDDP+C.Intybus

Fig. 6: Plasma Na' level in Control, Cisplatin, C. intybus
and CDDP + C. intybus - pretreated rats.
**P<0.05 when compared with control.

DISCUSSION

The nephrotoxic cisplatin treated group showed increased
intra-erythrocytes sodium (P<0.05; fig. 1), decreased
plasma calcium (P<0.05), magnesium (P<0.01) (figs. 4
and 5) and intra-erythrocytes potassium (P<0.05) and
Na'-K'-ATPase (P<0.001) (figs. 2 and 3) may involve in
renal cell toxicity. Similarly decreased plasma potassium
(P<0.01) (fig. 7) and increased sodium (P<0.05) (fig. 6)
was also observed.

Hypocalcaemia is caused by excessive urinary loss and
decreased renal up-take during high dose Cisplatin
treatment. Proximal tubular damage leads to decreased
reabsorption of cations. Acute nephrotoxicity presents
with increased creatinine and persistent protein and
electrolyte losses. Chronic nephrotoxicity is characterized
by a decrease of glomerular filtration rate and a slightly
elevated but persistent magnesium, potassium and
calcium excretion (Cornelison and Reed, 1993). Presently
we found the decreased calcium and magnesium level in
nephrotoxic Cisplatin group which is responsible for
decreased Na'-K'-ATPase level. Guarino et al., 1979
have implicated this inactivation of ATPase as
responsible for the kidney toxicity so prominent after
Cisplatin treatment.

It is found that Mg act as a substrate for ATPase and it’s
deficiency is responsible for ATPase decreased level and
shows reduced activity (Lajer et al., 2005). The present
study shows an association of decreased Magnesium and
Calcium level with Na'-K'-ATPase, which may be the
cause of renal toxicity as shown in fig. 8.

The decreased activity of ATPases consequently effect
the membrane permeability and gradients specially
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Fig. 8: Proposed mechanism of cisplatin induced nephrotoxicity and electrolytes disturbances.

potassium gradient thus decreased cellular K content
(Della et al., 2011). Toxicity induced by Cisplatin
treatment is due to the disturbances in the electrolytes
homeostasis which finally reduced the activity of Na'-K'-
ATPase activity and leading to cell death (Stakisaitis et

al., 2010; Ciarimboli, 2011). The study suggests that
electrolytes imbalance particularly increase Intra-
erythrocyte  sodium  content, decreased plasma
magnesium, calcium and Intra-erythrocyte Na'-K'-

ATPase may implicates the nephrotoxicity.

Our results previously reported the protective role of
Cichorium Intybus in Cisplatin induced nephrotoxicity. It
is found that increased ROS (reactive oxygen species)
formation implicates the membrane electrolytes
disturbance (Shafaq and Tabassum, 2009).

Treatment with polyphenolic extract of C. Intybus at a
dose of 500 mg/kg b.w. partially protected the ion
homeostasis altered by Cisplatin administration. Increased
doses and time duration of herbal polyphenolic extract
could function to reverse the toxic effect.
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