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Abstract The aim of the study was to assess the protective
effect of Picrorhiza kurroa hydroalcoholic extract (PCK), a
glycoside-rich extract, against potassium dichromate (PDC)-
induced liver oxidative stress in Wistar albino rats. Thirty-six
male Wistar rats were divided into six groups: the control
group (which received distilled water), the SIL group (which
received 60 mg/kg silymarin), the PDC group (which received
30 mg/kg K,Cr,07), and the treatment groups (which received
25, 50, 100 mg/kg PCK). Administration of PDC resulted in
increased levels of liver enzymes such as alanine transaminase
(ALT), aspartate transaminase (AST), and alkaline phospha-
tase (ALP); up-regulated peroxidation biomarkers, i.e.,
thiobarbutric acid-reactive species (TBARS) and protein car-
bonyls in serum; and decreased activities of antioxidant en-
zymes like superoxide dismutase (SOD) and catalase (CAT)
significantly in the liver tissue. Gene expression studies of
tumor necrosis factor (TNF), mitogen-activated protein kinase
(MAPK), growth arrest, and DNA damage-inducible protein
(GADDA45) revealed that there was a liver damage at the mo-
lecular level, and histopathological studies further confirmed
the morphological changes by PDC administration. However,
PCKs at 50 and 100 mg/kg promoted significant restoration of
liver enzyme levels and the activities of antioxidant enzymes
were kept close to the values of the control and SIL groups.
Our current study confirms that the active compounds present
in the PCK might have conferred a strong protection against
potassium dichromate-induced oxidative stress.

>4 Phani Kumar G
phani_dftl @rediffmail.com

Applied Nutrition Division, Defence Food Research Laboratory,
DRDO, Siddhartha Nagar, Mysore 570011, India

@ Springer

Keywords Potassium dichromate - Picrorhiza kurroa -
Liver - Oxidative stress

Introduction

Chromium (Cr) is a naturally occurring heavy metal which
exists in the environment in two valence states, i.e., trivalent
Cr(IIT) and hexavalent Cr(VI). Chromium compounds, mostly
in chromium(IIl) or chromium(VI) forms produced by the
chemical industry, are used for chrome plating, in the manu-
facture of dyes and pigments, leather tanning, and wood pre-
serving [1]. Occupational exposures often include mixed ex-
posure to both Cr(IIT) and Cr(VI) [2]. Cr(VI) has been reported
to cause hepatotoxicity in humans and laboratory animals pri-
marily through an oxidative stress-mediated mechanism
[3-5]. Among the several valence states of Cr, hexavalent
chromium (Cr(VI)) is the most toxic which can readily cross
cellular membranes via non-specific anion transporters and its
toxicity has been associated with oxidative stress [6]. Human
exposure to Cr(VI) induces several adverse health effects,
such as genotoxicity, nephrotoxicity, carcinogenicity, and hep-
atotoxicity [7-9]. Oxidative stress can lead to damage of in-
ternal organs, and its major contribution is to initiate and prog-
ress liver injury [10]. Although chromium-containing com-
pounds have gained much interest in the field of toxicology
research, appropriate scientific studies are warranted to fully
understand the mechanism of cytotoxicity and oxidative
stress.

Picrorhiza kurroa represents one of the essential herbal
drugs of an indigenous system of medicines belonging to the
family Scrophulariaceae [11]. Pharmacological studies have
revealed that P. kurroa has hepatoprotective, anti-inflammato-
ry, and free-radical-scavenging-like activities [11]. Significant
hepatoprotective activity of P. kurroa was reported earlier
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against paracetamol- and carbon tetrachloride drug-induced
hepatic toxicities in albino rats [12]. Most of its pharmacolog-
ical activities are attributed to novel monoterpenes-derived
iridoid glycosides known as picrosides which include
picroside-I, picroside-II, and other metabolites like
picroside-III, apocynin, and kutkoside [13]. Silymarin (SIL)
has been used worldwide for the treatment of hepatic diseases
since many years. SIL maintains the hepatocyte membrane
integrity and blocks the xenobiotics by forming a complex
that impedes the entrance of toxins into the interior of liver
cells [14]. Therefore, in this study, silymarin (SIL) has been
used as the standard drug to compare the hepatoprotective
activity of P. kurroa hydroalcoholic extract (PCK). Based on
the above facts, the present study was focused on the protec-
tive effect of PCK against potassium dichromate (PDC)-in-
duced liver toxicity in rats.

Materials and Methods
Chemicals

ABTS—2,2-azinobis(3-ethylbenzothiazoline-6-sulfonic ac-
id); BHT—butylated hydroxyltoluene; BSA—bovine serum
albumin; DNPH—dipenylhydrazine; DPPH—2,2-diphenyl-
I-picrylhydrazyl; DTNB—S5,5-dithiobisnitrobenzoic acid,;
HCl—hydrochloric acid; EDTA—ethylenediaminetetraace-
tate disodium salt; FeCl;—ferric chloride; HEPES—4-(2-
hydroxyethyl)-1-piperazine ethanesulfonic acid; H,O,—hy-
drogen peroxide; NaCl—sodium chloride; SDS—sodium do-
decyl sulfate; TBA—thiobarbituric acid; and K,Cr,O—po-
tassium dichromate. All the chemicals used in the experiment
were purchased from Sigma Aldrich, India. Picroside-I and
picroside-II were purchased from Natural Remedies Pvt.
Ltd., Bangalore, India.

Plant Material and Extraction

Dried rhizome powder of P. kurroa was purchased from SKP
Ayurvedic Pvt. Ltd., Mysore, India, and properly authenticat-
ed by the Department of Botany, University of Mysore,
Mysore, India (voucher specimen no. ANDS8025). The rhi-
zome powder (100 g) was defatted with diethyl ether for
24 h, and the filtrate was suspended in 500 ml of 50% ethanol
for 2 days on shaker at 520xg. This mixture was filtered using
Whatman no.1 filter paper and concentrated under reduced
pressure (Rotary Evaporator, Heidolph, India). The concen-
trated extract was lyophilized (Lyophilization System India
Pvt. Ltd., India) and stored at — 20 °C for further analysis.
The yield of Iyophilized PCK was 5.0% (w/w) of dry rhizome.

Quantification of Picrosides by HPLC

Quantification of picrosides was performed by using high-
performance liquid chromatography (JASCO, India) equipped
with sample injector, column apartment, and UV detector for
the visual confirmation of the presence of marker compounds
in the extract. A reverse-phase column (RP-18;
3 mm x 150 mm) was purchased from Merck, India.
Separation was done using methanol and water (40:60; v/v)
at a flow rate of 0.7 ml/min with injection volume of 20 pl for
each sample, and UV detection was set at 270 nm. Prior to use,
solvents were filtered through a 0.22-mm diameter membrane
filters. Satisfactory separation was obtained as shown in the
chromatograms (Fig. 1). Quantification and linearity of the
HPLC method were carried out for picroside content in differ-
ent samples of PCK. The percentage of the picrosides was
calculated by calibration curve using peak height to peak area
ratio.

LC-ESI-MS/MS Analysis of PCK

The LC-ESI-MS/MS analysis of PCK was performed using
6520 accurate Q-TOF (Agilent Santa Clara, CA) mass spec-
trometer coupled to HPLC equipped with a UV-Vis detector.
Zorbax SBC18 rapid-resolution column of 4.6 x 150 mm and
3.5-um particle size was used under the following conditions:
(A) formic acid (0.1% v/v) and 10 mM ammonium fluoride
and (B) acetonitrile + 0.1% formic acid; gradient (in solvent
B): (1) 30%, from 0 to 15 min; (ii) 55%, at15 min; (iii) 95%,
from 25 to 45 min, and (iv) 35%, at 45-48 min; flow rate:
0.2 ml/min; injection volume was 5 upl. Both negative and
positive ion modes of ESI parameters were used; mass range
100-1200 m/z, 4-kV spray voltage, gas temperature 325 °C,
gas flow 10 1/min, and nebulizer 40 psi.

Determination of In Vitro Antioxidant Activities
DPPH Radical-Scavenging Activity

In vitro DPPH radical-scavenging activity of PCK was deter-
mined by the following method [15]. DPPH in methanol
(0.1 mM) was added to different concentrations of PCK.
The mixture was incubated at room temperature for 30 min,
and the absorbance was recorded at 515 nm. Percentage inhi-
bition was calculated as follows: DPPH scavenged
(%) = [Acont — Asample]/Acont X 100, where Aqp is the absor-
bance of the control and Ag,mpie is the absorbance of PCK. In
order to calculate the ICs( value, which is the amount of sam-
ple necessary to decrease the absorbance of DPPH radical by
50%, the decolorization was plotted against the concentration
of the sample extract.
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Fig. 1 HPLC analysis of PCK. a
Standard graph. b Sample graph;
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ABTS Radical-Scavenging Activity

The ABTS radical-scavenging activity was performed using
the method followed by Re et al. [16]. ABTS (7 mM) and
potassium persulfate (2.4 mM) were used in equal quantities
to prepare the working reagent. The working reagent was in-
cubated for a period of 12 h at dark condition and was added
with different concentrations of PCK. Spectrophotometric
readings were recorded at 734 nm. Percentage inhibition was
calculated as follows: ABTS scavenged (%) = [Acont — Asample)/
Acont X 100, where Ao is the absorbance of the control and
Agample i the absorbance of PCK. In order to calculate the ICs,
value, which is the amount of sample necessary to decrease the
absorbance of ABTS radical by 50%, the decolorization was
plotted against the concentration of the sample extract.

Hydrogen peroxide (H,05)-Scavenging Activity
Different concentrations of PCK were added to the hydrogen
peroxide solution (0.6 ml, 40 mM) and incubated for a period

of 10 min. The absorbance was recorded at 230 nm against a
blank solution containing the phosphate buffer. The
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percentage inhibition was calculated as follows [17]:
[Acont = Asample]/Acone % 100, where Ao is the absorbance
of the control and Agumplc is the absorbance of PCK.

Ferric-Reducing Antioxidant Power Assay

Ferric-reducing antioxidant power (FRAP) assay was per-
formed by the spectrophotometric method [18]. Briefly, it is
a mixture of PCK, acetate buffer (300 mM; pH 3.6), TPTZ
(2,4,6- tripyridyl-s-triazine; 10 mM) in HCI, and FeCl;-6H,0
(20 mM). The mixture was then allowed to react with the
FRAP solution for 30 min in the dark and then measured for
the formation of ferrous tripyridyltriazine complex.

Experiments on Animal Models
Animals

Animal studies were conducted according to the Institute
Animal Ethical Committee (IAEC) regulations approved by
the Committee for the Purpose of the Control and Supervision
of Experiments on Animals (CPCSEA) with the IAEC
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approval no. TAEC-2016/AN/12 dated 25 October 2016.
Wistar albino male rats (150-200 g) were selected from the
central animal facility, Defense Food Research Laboratory
(DFRL), Mysore, India, and were housed in an acryl fiber
cage in a temperature-controlled room (23 + 2 °C). The ani-
mals were maintained at 12-h light/dark cycle with standard
pellet diet, and water was provided ad libitum.

Experimental Design

Thirty-six Wistar albino male rats were randomly divided into
six groups with six animals in each group (n = 6): control
group, PDC group, SIL group, and three treatment groups
(PCK). Different doses of PCK were orally administered to
the treatment groups separately, such as PCK 25, 50, and
100 mg/kg p.o., respectively, for a period of 28 days. The
SIL group received silymarin 60 mg/kg p.o. for a period of
28 days. All the animal groups, except control animals, re-
ceived K,Cr,O7 at 30 mg/kg by oral gavage for a period of
28 days. The control group received an equal amount of dis-
tilled water during the experimental period. Dosage selection
and mode of administration of both PDC and PCK were based
on previous studies [19, 20]. Animals were sacrificed under
mild anesthesia; the serum was separated and stored at—20 °C
for further biochemical assays. The tissue samples were ex-
cised, washed with normal saline, and stored in — 80 °C for
further biochemical assays. Washed tissues were fixed imme-
diately in 10% formalin solution for histopathology studies.

Assessment of Serum Biochemical Markers

Serum analysis of various liver marker enzymes such as ala-
nine transaminase (ALT), aspartate transaminase (AST), and
alkaline phosphatase (ALP) was estimated using commercial-
ly available kits (AGAPEE diagnostic kits, India). ALT and
AST activities were measured spectrophotometrically at
340 nm, and we calculated the change in absorbance per min-
ute (OD/min) during a 3-min period with the following for-
mula: (U/L) = (OD/min) x 1745 (factor). ALP activity was
measured by the change in absorbance per minute (OD/min)
during 3 min at 405 nm and calculated using (U/L) = (OD/
min) X 2750 (factor).

Estimation of TBARS

Lipid peroxidation was determined by thiobarbutric acid-
reactive species (TBARS) and expressed as malondialdehyde
(MDA mmol/cm/g) [21]. Liver tissues were homogenized in
phosphate buffer (pH 7.0); trichloroacetic acid (TCA) (10%)
and 0.5 and 2 ml of TBA mixture were added to the tissue
homogenate (0.5 ml). The TBA mixture contained TBA
(0.35%), SDS (0.2%), FeCl; (0.05 mM), and BHT in the
glycine-HCI buffer (100 mM, pH 3.6). The above reaction

mixture was boiled at 100 °C for 30 min and then allowed
to cool. The mixture was centrifuged at 8315xg for 10 min,
and the absorbance was measured at 532 nm.

Protein Carbonyl Assay

Protein carbonyl content was estimated by Dalle et al. with
slight modifications [22]. Homogenized liver tissue samples
were diluted (1:40) with phosphate-buffered saline (PBS) con-
taining sodium phosphate (10 mM; pH 7.4) and NaCl
(0.14 M) and centrifuged twice at 25,464xg. TCA (20%; w/
v) was used to precipitate the protein content. A solution of
DNPH (10 mM in 2 M HCI) was added to the protein pellet to
get a final protein concentration of 1-2 mg/ml. The protein
pellets were washed with 20% TCA and ethanol/ethyl acetate
(1:1, v/v) to remove free DNPH. Samples were then
suspended in 6 M guanidine hydrochloride at 37 °C for
15 min. Carbonyl content was determined from the absor-
bance at 366 nm using a molar absorption coefficient of
22,000/M/cm.

Gene Expression Studies

Liver tissue samples were placed in a vial containing RNA
later and stored at — 80 °C. Total RNA was extracted from
~ 100 mg of tissue by TRIzol reagent (Sigma Aldrich, India),
as described the manufacturer’s protocol. RNA samples were
treated with RQ1 RNase-free DNase (Applied Biosystems,
India) to avoid DNA contamination. The concentration of
total RNA was measured with spectrophotometer
(NanoDrop-ND1000; Thermo Fischer Scientific, India), and
the OD 260/0D 280 ratio was tested for the purity of RNA;
further, RN A yield was confirmed by electrophoresis. The first
complementary DNA (cDNA) strand was synthesized by
using a high-capacity cDNA-converting kit (Applied
Biosystems, India) in a one-vial procedure containing a total
reaction of 20 ul having 3.2 ul of distilled H,O, 0.8 ul of
dNTPs, 2 ul of the x 10 PCR buffer, 2 ul of the random
primers, 1 pl of RNAse inhibitor, 1 pul of reverse transcriptase,
and 10 pl of RNA sample. Further, the sample was incubated
as per manufacturer’s protocol (Applied Bio systems, India).

Semi-quantitative PCR Assay

RNA was reverse-transcribed, and complementary DNAs
were synthesized using specific oligo (dT) primers. Forward
and reverse primers of targeted genes were as follows: glyc-
eraldehyde 3-phosphate dehydrogenase, housekeeping gene
(GAPDH: F-5'-CAACTCCCTCAAGATTGTCAGCAA-3;
R-5'-GGCATGGACTGTGGTCATGA-3"), TNF (F-5'-
CTCACACTCAGATCATCTTC-3"; R-5'-GAGA
ACCTGGGAGTAGATAAG-3"), MAPK (F-5'-CCAT
TGATATTTGGTCTGTGG-3"; R-5'-ATCCAAGAATACCC
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AGGATG-3'), and GADD45 (F-5'-GAAGATCGAAAGGA
TGGAC-3'; R-5-TGAGGGTGAAATGGATCTG-3"). PCR
amplification was performed as a 20-ul reaction with
6 pmol/l of each forward and reverse primer, 2 pl of x 10
PCR buffer, 1.5 mmol/l of MgCl,, 80 pmol/l of each dNTPs
and 1 unit of Taq polymerase (Sigma Aldrich, India) in a
thermal cycler (Eppendorf, Germany). The PCR program
consisted of initial denaturation at 94 °C for 4 min; 30 cycles
of denaturation at 94 °C for 45 s; annealing at 58 °C
(GAPDH), 55 °C (TNF), 60 °C (MAPK), and 59 °C
(GADDA45) for 30 s; and extension at 72 °C for 8§ min. PCR
amplicons were resolved on 1.5% agarose gel and visualized
under UV transilluminator.

Western Blot Analysis

Liver tissue samples were processed for SDS-PAGE followed
by Western blot for the protein expression studies of apoptosis
marker GADD45 and antioxidant enzymes, viz., SOD and
CAT. Tissue samples were homogenized with HEPES buffer
(pH 7.4) and were centrifuged at 12,992xg for 20 min. Total
protein content was estimated from the supernatant. Protein
from each sample (50 pg) was separated on 12% SDS-PAGE
and transferred onto a nitrocellulose membrane using an
electroblotting apparatus (Bio-Rad, USA). The membrane
was blocked in 5% defatted milk solution at 4 °C for 24 h,
later probed by respective primary antibodies (1: 1000; Santa
Cruz, India), and incubated at room temperature for 3 h. The
membrane was washed four times in PBST and one time in
PBS for 15 min followed by incubation for 2 h in HRP-
conjugated rabbit antimouse secondary antibody (Sigma,
India; 1:10,000). The membranes were washed again and de-
veloped using an enhanced chemiluminescent method by
using luminal and p-coumaric acid (Sigma Aldrich, India).
The band intensity was captured by exposing the membranes
onto the X- ray film [23].

Histopathological Studies

Liver tissues were excised and washed with normal saline and
fixed immediately in 10% formalin solution. A paraffin-
embedding technique was carried out, and sections were taken
at 5-mm thickness, stained with hematoxylin and eosin, and
examined microscopically for histopathological changes.

Statistical Analysis

The data were expressed as mean = SD (standard deviation).
Data were analyzed by one-way ANOVA followed by
Tukey’s post hoc test using GraphPad Prism version 5.03
statistics software.
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Results
HPLC Analysis of PCK

Iridoid glycosides in PCK extract were quantified, and the
percentages of picrosides I and II were 2.36 and 4.86%, re-
spectively. HPLC chromatogram of PCK was calibrated from
standard picroside I and II peaks (Fig. 1).

LC-ESI-MS/MS Analysis of PCK

Major bioactive compounds were identified by LC-ESI-MS/
MS on their average mass, m/z, and score under mass spec-
trometry (Fig. 2). The major compounds were cinnamic acid,
ferulic acid, kuttoside, picroside-I, picroside-II, picroside-III,
scrophuloside-A, and veronicoside.

In Vitro Free Radical-Scavenging Activity of PCK

The antioxidant activity of the PCK was studied against free
radicals such as DPPH', ABTS and H,O,'. The in vitro radical
activity of SIL percent inhibition was increased with increas-
ing concentration of extract. SIL and PCK were able to reduce
the stable free radical DPPH to yellow-colored diphenyl-
picryl-hydrazine with ICsy 0 20.8 £0.4 and 82.6 + 0.2 mg/ml.
The results of ABTS radical-scavenging activities of SIL and
PCK were with ICsy of 9.62 + 1.3 and 25.0 + 3.2 mg/ml,
respectively. The results of HO, radical-scavenging activities
of SIL and PCK were with ICs5y of 14.02 + 0.5 and
27.2 £ 0.1 mg/ml, respectively. The FRAPs of SIL and PCK
were expressed as 10.38 = 3.3 and 24.89 + 5 units of milli-
moles of Fe(Il) per gram.

Effects of PCK on Serum Biochemical Parameters

PDC administration had significantly increased the levels of
ALP, AST, and ALT in serum when compared to the control
group (p < 0.05). However, supplementation of PCK and SIL
significantly decreased the serum ALP, AST, and ALT levels

(Fig. 3).

Effect of PCK on TBARS and Protein Carbonyl

Administration of PDC significantly up-regulated the lipid
peroxidation (1.23 4+ 0.08 nmol MDA/mg protein) and protein
carbonyl (0.86 £ 0.06 nmol/mg protein) levels when com-
pared to the control animals (0.38 + 0.05 and 0.4 + 0.08, re-
spectively; p < 0.05). However, supplementation of PCK-25,
PCK-50, PCK-100 and SIL has shown significant down-
regulation in the levels of TBARS and protein carbonyl con-
tent (Fig. 4).
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Effect of PCK on Antioxidant Enzymes

Administration of PDC significantly down-regulated antioxi-
dant enzymes like SOD and CAT when compared with control
animals (p < 0.05). Further, PDC administration significantly
increased the activity of GADDA45 (p < 0.05). Moreover, sup-
plementation of PCK and SIL significantly up-regulated the
enzyme activities (SOD and CAT) and decreased GADD45 in
a dose-dependent manner (Fig. 5).

Effect of PCK on Gene Expression

PDC stimulated the mRNA expression of genes that are in-
volved in inflammatory and transcription pathways. Down-
regulation of TNF, MAPK, and GADD45 was observed in
the supplementation of PCK and SIL groups (Fig. 6).
Relative expression was determined by densitometric analysis
and normalized to the respective expression of the housekeep-
ing gene GAPDH.

Effect of PCK on Tissue Architecture
PDC administration caused several architectural changes

which include distorted lobules and dilated central veins in
the liver tissue and hepatocytes with feathery degenerative

morphology. Treatment of PCK-25 had no improvement in
the Cr(VI)-induced liver tissue architecture. However, PCK
at higher doses, i.e., 50 and 100 mg/kg, and SIL-
administrated animals have shown normal morphological fea-
tures (Fig.7).

Discussion

Chromium is a naturally occurring element and is released
into the environment from natural and anthropogenic sources,
with the largest release occurring from industrial releases [24].
Exposure to Cr(VI) is known to be toxic, mutagenic, and
carcinogenic to human beings and diverse animals, which
can cause a serious damage to the kidneys, liver, lungs, skin,
and other vital organs [25]. In previous studies, it was ob-
served that Cr(VI) had ill effects on the gastrointestinal system
and the liver. Enlargement of cells in the liver, necrosis, and
elevation of liver enzymes were reported with Cr(VI) contam-
ination [26]. However, there is a lack of scientific data avail-
able on alternative/ prophylactic solutions in cases of Cr(VI)-
associated toxicities. In such situations, possible preventive
methods are to be explored. Natural and synthetic antioxidants
have been reported to ameliorate or prevent K,Cr,O5-induced
hepatotoxicity [27]. However, to our knowledge, the potential
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Fig. 2 (continued)

hepatoprotective effect of PCK on K,Cr,05-induced hepato-
toxicity has not been explored.

The present study demonstrates that oral administration of
PCK could ameliorate oxidative stress and attenuate the dam-
aging effect induced by Cr(VI) in Wistar albino rats. ALT,
AST, and ALP are routine biomarkers of the liver and are

2001 . .
serum biochemical parameters “

1
i

150+
=
S 1007

501

T
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E&E CON Ef3 SIL =2 PDC

[ PCK 25 PCK 50 PCK 100

Fig. 3 Effect of PCK on serum biochemical parameters. CON, control
group; SIL, silymarin (60 mg/kg); PDC, K,Cr,0; (30 mg/kg); PCK 25,
PCK 50, and PCK 100, 25, 50 and 100 mg/kg of P. kurroa extract,
respectively. Units are expressed as U/L. Values represented the
mean + SD; n = 6. Significant difference was determined by one-way
ANOVA followed by Tukey’s test, #» < 0.05 vs control; *p < 0.05 vs
PDC group
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Fig. 4 Effect of PCK on peroxidation markers. a Lipid peroxidation
(TBARS) expressed as nanomole of MDA per milligram of protein. b
Protein carbonyl expressed as nanomole per milligram of protein. CON,
control group; SIL, silymarin (60 mg/kg); PDC, K,Cr,O; (30 mg/kg);
PCK 25, PCK 50, and PCK 100, 25, 50 and 100 mg/kg of P. kurroa
extract, respectively. Values represented the mean + SD; n = 6.
Significant difference was determined by one-way ANOVA followed
by Tukey’s test, #p < 0.05 vs control; *p < 0.05; **p < 0.01 vs PDC

group

located in the cytoplasm. Injuries to the liver cause the en-
zymes to escape into the circulatory system [27]. Therefore,
elevation of these enzymes in response to PDC administration
in this study could be indicative of impairment in liver func-
tion. SIL had reduced the levels of ALT, AST, and ALP when
compared with the PDC-administered group. Similarly, in the
present study, PCK had improved the liver function by de-
creasing the levels of ALT, AST, and ALP. The observed
improvement in liver function may be due to the presence of
bioactive compounds in the PCK extract. As per previous
reports [28], picrosides are the key components in the PCK
to help in liver function by altering ALT, AST, and ALP
levels. HPLC and LC-ESI-MS/MS chromatograms of the
present study confirmed the presence of picroside-I,
picroside-11, and picroside-III. Polyphenols, flavonoids, terpe-
noids, etc. are the major classes among the antioxidant agents,
which are also considered as major groups of medicinal plant
free radical scavengers [29]. Polyphenols, such as catechins,
epigallocatechin, epicatechin-3-gallate, and quercetin, were
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Fig. 5 Effect of PCK on
antioxidant enzyme levels. a
Western blot images. b
Densitometric analysis of gel
images (% expression relative to
control). CON, control group;
SIL, silymarin (60 mg/kg); PDC,
K,Cr,07 (30 mg/kg); PCK 25,
PCK 50, and PCK 100, 25, 50
and 100 mg/kg of P. kurroa
extract, respectively; SOD,
superoxide dismutase; CAT,
catalase; GADD 45, growth arrest
and DNA damage-inducible
alpha. Values represented the
mean + SD; n = 6. Significant
difference was determined by
one-way ANOVA followed by
Tukey’s test, #p < 0.05 vs control;
* p < 0.05 vs PDC group

proven to capable of modulating Cr(VI)-induced oxidative
stress and DNA damage [30]. Free radicals cause oxidative

Fig. 6 Effect of PCK on gene
expression. a Gel images. b
Densitometric analysis of gel
images (% expression relative to
control). CON, control group;
SIL, sitymarin (60 mg/kg); PDC,
K,Cr,07 (30 mg/kg); PCK 25,
PCK 50, and PCK 100, 25, 50
and 100 mg/kg of P. kurroa
extract, respectively; TNF, tumor
necrosis factor-oc; MAPK,
mitogen-activated protein kinase,
GADD 45, growth arrest and
DNA damage-inducible alpha.
Values represented the

mean £ SD; n = 6. Significant
difference was determined by
one-way ANOVA followed by
Tukey’s test, #p < 0.05 vs control;
*p < 0.05 vs PDC group
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Normal appearance of Hepatocytes
with normal hepatic architecture
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with feathery cytoplasm
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Fig. 7 Photomicrograph of the liver section (x 10 magnification) of a the control group, b the silymarin group (60 mg/kg), ¢ PDC (30 mg/kg), and d—f
PCK 25, PCK 50, and PCK 100 (25, 50, and 100 mg/kg of P. kurroa extract, respectively). Pointed arrows highlight the tissue damage

radicals and controls the oxidative damage of tissues.
Moreover, in the present study, PCK showed excellent anti-
oxidant activity capable of scavenging free radicals like
DPPH, ABTS and H,0, and of ferrous-reducing activity.
The study assumes that these scavenging activities could help
in eliminating free radicals released against Cr(VI)-induced
oxidative stress.

The pathogenesis of most chemical-induced liver injuries is
initiated by the metabolic conversion of chemicals into reac-
tive intermediate species, such as electrophilic compounds or
free radicals, which can potentially alter the structure and
function of cellular macromolecules [31]. In the present study,
we observed decreased activities of the antioxidant enzymes,
i.e., SOD and CAT, and also an increased expression of
GADDA45 by PDC administration. This might be due to in-
creased toxic overload by the reactive oxygen species (ROS),
which would have resulted in dysregulated expression of these
genes. These results are in line with earlier findings, where
altered gene expression was seen in energy metabolism, stress
response, DNA repair, signaling pathways, apoptosis, and cell
cycle regulation [32]. However, administration of PCK at
100 mg/kg had restored the antioxidant enzyme status at par
with SIL.

Long-term exposure to heavy metals like cadmium (Cd),
chromium (Cr), and arsenic (As) has been observed with in-
creased oxidative stress via up-regulation of lipid peroxidation
and protein oxidation, which can cause inhibition of antioxi-
dant enzymes [33]. In the present study, Cr(VI) promoted the

@ Springer

levels of TBARS and protein carbonyls and down-regulated
antioxidant enzymes. Previous studies reported that increased
TBARS and protein carbonyl levels inhibit the antioxidant
system via down-regulating a group of enzymes such as
SOD, catalase, glutathione peroxidase (GPx), glutathione-s-
transferase (GST), and glutathione [31, 33]. Cr(VI) exposure
can interfere with the antioxidant system at various levels,
from the consumption of antioxidant molecules in the intra-
cellular reduction of Cr(VI) to the disruption of the biological
actions of antioxidant enzymes through interaction of these
enzymes with species formed during Cr(VI) reduction [32].
As these enzymes have a protective role against oxygen free
radical-induced damage, their induction can be considered as
an adaptive response to oxidative stress. In the present study,
antioxidant enzymes such as SOD and catalase were up-
regulated by the supplementation of PCK and SIL.

When protective defenses are overwhelmed by excess tox-
icant insult, the effects of reactive intermediate species lead to
deregulation of cell signaling pathways and dysfunction of
biomolecules, leading to failure of target organelles and even-
tually cell death. Similarly, in the present study, we observed
altered expressions of TNF, MAPK, and GADD45. TNF ex-
erts a variety of biological effects and interacts directly or
indirectly with MAPK [34]. In the present study, it was ob-
served that PDC administration had resulted in elevated ex-
pression levels of TNF and MAPK. These elevated levels of
TNF and MAPK are due to excessive oxidative stress gener-
ated by PDC, which might have further triggered the
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expression GADDA45. These results are in line with the previ-
ous reports where p38- and JNK/stress-activated protein ki-
nase (MAPKSs) are promoted by growth-suppressive stimuli
leading to cell cycle arrest, DNA repair, and/or apoptosis [35,
36]. However, administration of PCK at higher doses (50 and
100 mg/kg) showed down-regulated expressions of TNF,
MAPK, and GADD45.

The liver is an organ capable of being injured by Cr(VI),
and it has been demonstrated that the exposure to K,Cr,O,
induces hepatotoxicity associated to oxidative stress, lipid per-
oxidation, inhibition of antioxidant enzymes [37], and struc-
tural tissue injury [4]. In the present study, histopathological
observations of the liver tissue showed focal necrosis, in-
creased lymphocytic infiltration around the blood vessels,
kupfter cell proliferation, appearance of numerous vacuoles
and sinusoids, and distortion of hepatic cells in the PDC-
treated group. Free radicals generated by PDC might have
led to changes in the tissue architecture. These are in line with
earlier reports where it was suggested that ROS are involved
in Cr(VI)-induced cell injury [38]. On the contrary, supple-
mentation of PCK had significantly reduced the tissue damage
when compared with the PDC group. Previous studies sug-
gested that supplementation of antioxidants could protect the
liver tissues from oxidation and prevent DNA damage under
various toxic conditions [4]. In our study, the down-regulated
GADDA45 gene expression results were in line with the previ-
ous studies. In the present study, silymarin was used as a
comparative hepatoprotective drug, which has been reported
to stimulate DNA biosynthesis and cell proliferation of dam-
aged liver tissues and subsequent expressions of many cyto-
kines and apoptotic signaling factors [39, 40]. In the present
study, we observed that PCK showed a protective effect
against PDC-induced liver oxidative stress proving the neces-
sary ability compared to SIL. Results of the study confirmed
that PCK has ameliorative activity from tissue damage against
PDC-induced hepatotoxicity.
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