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Abstract

Background and Objective: Potassium dichromate (K,Cr,0,) has been demonstrated to induce oxidative stress and carcinogenic in
nature. This study was aimed to evaluate the protective effects of different solvent (aqueous, methanol and petroleum ether) extract of
Andrographis paniculata on lipid peroxidation and antioxidants status against chromium-treated liver and lungs mitochondria.
Materials and Methods: A group of male Wistar rats (80-100 g) were obtained and divided into eight groups. The animals of seven groups
were induced K,Cr,0; at a dose of 0.8 mg per 100 g body weight per day (20% LDs,) for 28 days. The animals of six of the chromium
treated groups injected different solvent extracts at a dose of 250 and 500 mg kg~ b.wt., daily for a period of 28 days. The animals of the
remaining group received only the vehicle (0.9% physiological saline), served as control. After completion of chromium-treatment the
animals were sacrifice and intact liver and lungs were dissected out for further use. Results: Measurement of lipid peroxidation (MDA),
conjugated dienes and antioxidants were used to monitor the antiperoxidative effects of different solvent extract in liver and lungs
mitochondria. The increased lipid peroxides and conjugated dienes in liver and lungs of chromium-treated rats was accompanied by a
significant decrease in the levels of glutathione (GSH and GSSG) and the activities of glutathione peroxidase (GSH-Px), glutathione
reductase (GR), glutathione-S-transferase (G-S-T), superoxide dismutase (SOD) and catalase (CAT). Conclusion: The results of the present
study suggest that the administration of different solvent extract significantly supplement the lipid peroxidation and enhanced the
antioxidant status.
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INTRODUCTION

The occurrence of heavy metals in the environment and
their enormous industrial use has led to an increase in the
frequency of the human organ toxicity. Among different heavy
metals chromium is one of the important heavy metal in both
terrestrial and aquatic environments'. Itis also a trace element
which is extracts from chromate?. Chromium presents in
environment in various oxidation states. Trivalent chromium
is extensively used as supplement and also a good element for
glucose/insulin homeostasis?, where as hexavalent chromium
is highly toxic for their easy permeation at physiological pH
through the permease system?. Hepatic and renal toxicity is
the most common toxicity observed in Cr (VI)-exposed
workers or animals?. This functional differentiation of Cr (lll)
and Cr (V1) is largely decided by the ionic permeability of the
plasma membrane®. Cr (V) compounds are the most toxic
since they can be easily absorbed and transported across
membranes via non-specific anion carriers®.  Thus,
membrane damage is one of the crucial factors observed
with Cr (VI) toxicity®. Inside the cells, Cr (VI) is reduced through
reactive intermediates such as Cr (V) and Cr (IV) to the more
stable Cr (lll) by cellular reluctant’. This reduction process
generates reactive oxygen species (ROS) and induces soft
tissues’ damage such as liver, pancreas, cerebellum and
kidney?.

The mechanism by which Cr (VI) interferes with the
mitochondrial bioenergetics was not clarified. It has been
assigned to the oxidizing activity of Cr (VI), which shunts
electrons from electron donors coupled to ATP
production and to the ability of Cr (lll), derived from Cr (VI)
reduction, to form stable complexes with ATP precursors
and enzymes involved in the ATP synthesis®™®. Reduction
of Cr (V) induced the generation of hydroxyl radical (OH)
via the Fenton mechanism™. It is known that daily oral
low-dose administration of Cr (VI) to rat’s results in

enhanced lipid peroxidation in  liver and  brain
mitochondria'2.
Medicinal plants and their active principles have

received greater attention as potential antiperoxidative
agent'. Andrographis paniculata Nees, an important
herbal drug has been widely used for centuries as an
indigenous medicine. Andrographis paniculata, commonly
known as 'Kalmegh', is a well known drug in the Ayurvedic
system of medicine. It has been reported that Andrographis
paniculata has a broad range of pharmacological
activities such as analgesic, antipyretic, antiulcerogenic™
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and choleretic'. Herbal products are known to exert their
protective effects by scavenging free radicals and
modulating carcinogen detoxification and  antioxidant
defense system. The present study aimed to investigate
the antiperoxidative role at different doses of different solvent
extract in chromium-induced oxidative damage in liver and
lungs mitochondria.

MATERIALS AND METHODS

Description of the study area: This experiment was
conducted during the year 2017/18 and 2018/19 in the
Department of Human Physiology, Vidyasagar University,
Midnapore, West Bengal, India.

Chemicals: Potassium dichromate and other fine chemicals
were purchased from Sigma Chemical Company, USA. All
other chemicals and reagents were purchased from Sisco
Research Laboratory PvtLtd. (SRL), India and were of analytical
grade.

Animals and diet: Adult male albino rats (n = 96) of Wistar
strain of body weight 80-100 g were obtained. They were
maintained in accordance with the guidelines of the rule of
Institutional Animal Ethics Committee of Vidyasagar
University, Midnapore and were housed in polypropylene
cages and fed standard pellet diet (Hindusthan Lever Ltd.,

India) for 1 week and water ad /ibitum. Animals were
divided into eight groups and each group consisting
12 animals.

Collection, identification and preservation of plant
materials and extract preparation: Fresh plant part was
collected from the campus of IIT, Kharagpur, West Bengal,
India. The taxonomic identity of this plant was determined
by the expertise of the Department of Botany of
Vidyasagar University. Specimen was labelled, numbered
and noted with date of collection (Plate 1). Plant part was
rinsed with sterilized distilled water, air dried and stored in
airtight bottle at 4°C for further use (Petridish, Borosil,
Ahmedabad, India).

Preparation
sample was collected in a cotton bag. The material was
grinded to fine powder with the help of mixer grinder.
Then this powdered material was used for the preparation
aqueous extract. Two gram of powdered material was

of aqueous extract: Clean dry plant
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Kingdom: Plantae
(unranked): Angiosperm
(unranked): Eudicots
(unranked): Asrerids
Order: Lamiales
Family: Acanthaceae
Genus: Andrographis
Species: A. paniculata

Plate 1: Andrographis paniculata collected from Indian Institute of Technology Campus, Kharagpur, West Bengal, India

(Aluminium Alloys Plate, Shanghai, China)

mixed with 20 mL of sterile distilled water and kept on a
rotary shaker for 12 h at 38°C. Thereafter, it was filtered with
the help of Whatman No. 1 filter paper (Whatman Clifton,
NJ, USA). The filtrate was then centrifuged (Remi,
Goregaon (East), Mumbai, India) at 2000 rpm for 10 min.
Then the supernatant was collected and stored at 4°C for
further use'®.

Preparation of methanol extract: Ten gram of grinded
powder of A. paniculata plant materials were soaked in
30 mL of 70% methanol and were kept at 30°Cfor 12hona
rotary shaker. After 12 h the previous portion of added
methanol was evaporated so to make the same volume,
methanol wasadded and then it was placed on arotary shaker
for another 12 h at 30°C. After that it was filtered through
Whatman No. 1 filter paper (Whatman Clifton, NJ, USA). The
filtrate was centrifuged (Remi, Goregaon (East), Mumbai, India)
at 2000 rpm for 10 min. Then the supernatant was collected
and stored at 4°C for further use. Then supernatant was
collected and allowed to evaporate until completely
dry. Then 30 mg of dry extract was re-suspended in 1T mL of
70% methanol. The final concentration of the extract was
30mgmL~'".

Preparation of petroleum-ether extract: Ten gram of
grinded materials were mixed with 20 mL of petroleum-ether
solvent and kept on a rotary shaker for 12 h at 30°C.
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Thereafter, it was filtered with the help of Whatman No. 1
filter paper (Whatman Clifton, NJ, USA). The filtrate was
then centrifuged (Remi, Goregaon (East), Mumbai, India)
at 2000 rpm for 10 min. Then the supernatant was collected
and stored at 4°C for further use. Then supernatant was
collected and allowed to evaporate until completely dry.
Then, 30 mg of dry extract was re-suspended in 1 mL of
70% methanol. The final concentration of the extract was
30mgmL~'8,

Mode of treatment: Animals were divided into eight groups
of almost equal average body weight of twelve animals
each. The animals of seven groups were induced by
intraperitoneal injection with K,Cr,0, at a dose of 0.8 mg per
100 g b.wt. per day (20% LDs,) for 28 days, as described
earlier®. The animals of six of the chromium treated
groups serving as the supplemented groups injected
AE-AP 250 (Aqueous Extract of Andrographis paniculata
250 mg kg™' b.wt./day), AE-AP 500 (Aqueous Extract of
Andrographis paniculata 500 mg kg~ b.wt./day), ME-AP
250 (Methanol Extract of Andrographis paniculata
250 mg kg~' b.wt./day), ME-AP 500 (Methanol Extract of
Andrographis paniculata 500 mg kg~' b.wt./day), PEE-AP
250 (Petroleum-ether Extract of Andrographis paniculata
250 mg kg™ b.wt./day) and PEE-AP 500 (Petroleum-ether
extract of Andrographis paniculata 500 mg kg b.wt./day)
daily at an interval of six hours after injection of K,Cr,0O,
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for a period of 28 days. The animals of the remaining
group received only the vehicle (0.9% physiological saline),
served as control.
Animals sacrifice and sample preparation: After
completion of drug treatment the animals were fasted
overnight prior to sacrifice by the use of cervical dislocation.
The intact liver and lungs were dissected out and adhering
blood and tissue fluid were blotted dry weighted and kept
at-20°C.

Homogenization of tissues: A weighted portion of different
tissues was homogenized (Royal Scientific, Tiruchirappalli,
Tamilnadu, India) in an ice cold 0.2 M PBS (pH 7.4) using glass
homogenizer (Borosil, Ahmedabad, India)®.. Homogenized
tissues were used for biochemical assays.
Rat liver and
mitochondria were isolated from male albino rats by
differential

methods'.

Isolation of mitochondria: lungs

centrifugation according to conventional

Analytical methods: Lipid peroxidation was measured
according the method of Ohkawa et a/®.
Malondialdehyde (MDA) was determined from the absorbance
of the pink coloured product (TBARS) of thiobarbituric
acid-MDA reaction, at 530 mm. The reaction of MDA with TBA
has been widely adopted as a sensitive method of lipid
peroxidation in animal tissues. Conjugated dienes was
measured according to the method of Slater?’. NO release
assays were donein liverand lungs mitochondria according to
the method of Sanai et a/?2. SOD activity was estimated by
measuring the percentage inhibition of the pyrogallol
auto-oxidation by SOD according to the method Marklund
and Marklund?.

GSH (reduced glutathione) was measured according
to the method of Griffith?. GSSG was also assayed after
derivatization of GSH with 2  vinylpyridine.  GSSG
(oxidized glutathione) was measured by the method of
Griffith?,

The rate of oxidation of reduced glutathione (GSH) by
H,0, as catalyzed by the glutathione peroxidase (GSH-Px) is
assayed for the measurement of enzyme activity. Glutathione
peroxidase activity was measured according to method of
Pagila and Valentine®. The activity of glutathione reductase
was measured by the method of Miwa%. Glutathione

to
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S-transferase activity was also measured according to the
method of Habig et a/¥. Total protein of plasma and
tissues was estimated according to the method of
Lowry et al®,

Statistical analysis: The data were expressed as
meanZtstandard error. The significance in the differences
between the means were evaluated by student’s ‘t’ test and
probability levels of 5% or less were considered to be
statistically significant.

RESULTS

The results found that the changes of MDA and
conjugated dienes concentration were significantly increased
in response to chromium but after the supplementation of
different doses of aqueous, methanol and petroleum ether
extracts of A. paniculata (Fig. 1-2), it was found that AP 500
of aqueous and methanol extract of A. paniculata have the
potent role to counteract the chromium-induced toxicity in
liver and lungs mitochondria.

The changes of Nitric oxide production (NO) and
the SOD activity in response to chromium and the
supplementation role of different doses of aqueous,
methanol and petroleum ether extracts of A. paniculata
was found in Fig. 3-4. The results showed that NO
production increased and  SOD  activity decreased
significantly in response to chromium in liver and lungs
mitochondria. On the other hand, AP 500 of aqueous and
methanol extract of A. paniculata have the potent role to
counteract the chromium-induced toxicity.

The levels of GSH and GSSG were significantly
diminished in liver and lungs mitochondria in response to
chromium treatment (Fig. 5-6) but after supplementation
with the different doses of aqueous, methanol and petroleum
ether extracts of A. paniculata, it was found that AP 500 of
aqueous and methanol extract of A. paniculata have the
potent role to counteract the chromium-induced tissue
toxicity.

The activities of GPx, GR and G-S-T were significantly
decreased in response to chromium when compared with
control in both liver and lungs mitochondria (Fig. 7-9). On the
other hand, it was found that the supplementation role of AP
500 of aqueous and methanol extract of A. paniculata have
the potent role to counteract the chromium-induced toxicity
in liver and lungs mitochondria.
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DISCUSSION

Cr (V1) dramatically decreased oxygen consumption and
NADH levels in isolated rat liver and heart mitochondria®.
Intact mitochondria take up and reduced chromium (VI),
producing chromium (V) species and the chromium (V)
generated efficiently oxidized NADH'". Chromium (lIl), which
does not penetrate into intact mitochondria, had no effect on
the respiratory rats in sonicated mitochondria®®. Chromium (V1)
is a potent inhibitor of mitochondria, there enzymes
(a-ketoglutarate dehydrogenase, pyruvate dehydrogenase
and B-hydroxyl butyrate dehydrogenase) may explain the
observed inhibitory respiration in liver mitochondria
and decreasing in cellular levels of ATP and GTP.
Andrographis paniculata Nees, animportant herbal drug has
been widely used for centuries as an indigenous medicine.

The aim of this study was to elucidate the protective
effects of aqueous extract (AE-AP), methanol extract (ME-AP)
and petroleum ether extract (PEE-AP) at different doses
(250 and 500 mg kg~ b.wt./ day) of Andrographis paniculata
on chromium-induced oxidative stress in liver and lungs
mitochondria. This study shows a significantincrease the MDA
and conjugated dienes levels in liver and lungs mitochondria
in chromium induced rats (Fig. 1-2). Bagchi et a/*' showed
thatchromium (VI)induces increases in hepatic mitochondrial
and microsomal lipid peroxidation. These results may be due
to oxidative damage in inner mitochondrial membrane may
also be involved. The study also showed a significant increase
in NO production in liver and lungs (Fig. 3a-c). The
simultaneous production of superoxide and NO produces
peroxynitrite (ONOO™), a very strong oxidant and nitrating
agent. The formation of NO in liver and lungs mitochondria
may have animportant consequence, because this compound
binds to the haem group from cytochromes (in particularly,
cytochrome oxidase) and inhibits respiration®. This may, in
turn, stimulate O,~. Formation, which may react with more
NO, forming peroxynitrite, an oxidant capable of inhibiting
important enzymes and affecting mitochondrial integrity.
SOD is believed to play a major role in the first line of
antioxidant defense by catalyzing the dismutations of super
oxide anion radicals to form H,0, and [O,7]. In the present
study, decreased SOD activity observed in chromium-induce
group in liver and lungs mitochondria (Fig. 4a-c) could be
explained by the massive production of super oxide anion.On
the other hand, it was found that administration of solvent
extracts of Andrographis paniculata at the dose of AP250
and AP500 modulated the changes induced by chromium
supporting the hypothesis that plant products are effective
antioxidative agent.



Singapore J. 5ci. Res., 10 (4): 400-411, 2020

Ueno et a/** reported that the content of intracellular
GSH in isolated rat hepatocytes was diminished after
chromium (V1) treatment. The levels of GSH and GSSG have
significantly diminished in liver and lungs mitochondria
(Fig. 5-6). It is very important in maintaining cellular redox
status® and its depletionis considered as a marker of oxidative
stress®. These results suggested that super oxide anion and
H,O, are main source of chromium induced free radicals
depleting the cellular antioxidant. GPy is considered to
biologically essential in the reduction of H,0,. The decline in
the activity of GPX in chromium-induce rats in this study
(Fig. 7a-c) may be due to the intracellular accumulation
of ROS with subsequent development of liver and lungs
injury. Glutathione reductase (GR) is one of the most
important enzymes detoxifying against oxidative stress
because GRis considered biologically essential in reduction
of oxidized glutathione to reduced glutathione. In present
study, the activity of GR in liver and lungs mitochondria
declined in chromium-induces rats (Fig. 8a-c). Glutathione-S-
transferase (GST) is an enzyme that utilizes glutathione in
reaction contributing to the transformation of a wide range of
components including carcinogens, therapeutic drugs and
products of oxidative stress. The decreased in the activity of
GST in chromium-induced rat liver and lungs mitochondria
(Fig. 9a-c) might be due to increased oxidative stress. But it
was found that, after supplementation with different solvent
extract play a vital role to counteract the oxidative stress in
response to chromium in liver and lungs mitochondria.

Administration of solvent extracts of Andrographis
paniculata at the dose of AP250 and AP500 modulated the
changes induced by chromium supporting the hypothesis
that plant products are effective antioxidative agent.
Andrographis paniculata treatment prevents BHC-glutamyl
transcriptase, glutathione, J-transferase induced increase in
the activity of enzyme and lipid peroxidation. It has protective
effects on oxidative stress by increasing activity of antioxidant
enzyme and decreases lipid peroxidation®’. Thus,
Andrographis paniculatamay stabilize the cell membrane and
significantly reduce the activities of marker enzymes and
decrease the extent of lipid peroxidation and conjugated
diene in liver and kidney.

Andrographis paniculata significantly enhanced the
antioxidant status in liver and lungs mitochondria of
chromium treated rats and protect cells against the damaging
effects. Andrographolide were tested for a protective effect
against liver toxicity produced in mice by giving them carbon
tetrachloride®. This chemical damages the liver by causing
lipid peroxidation. In another study, andrographolide was
shown to produce a significant increase in bile flow'.
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Biochemical and histological evidences indicate that
andrographolide was hepatoprotective against galactosamine
or paracetamol induce rats*. The antioxidant enzymes like
superoxide dismutase, catalase, glutathione peroxidase and
the levels of glutathione were decrease following BHC
effect. Administration of Andrographis paniculata showed
protective effects in the activity of superoxide dismutase,
catalase, glutathione peroxidase, glutathione reductase as well
as the level of glutathione. These results indicate antioxidant
action of Andrographis paniculata®. Thus solvent extracts of
Andrographis paniculata exerts its protective effect at the
dose of AP250 and AP500 against chromium-induced toxicity
in liver and lungs mitochondria by modulating the extent of
lipid peroxidation and augmenting antioxidant defense
system but the dose of AP500 in methanol and aqueous
extract than petroleum ether is more protective. The results of
the present study indicate that methanol and aqueous extract
of Andrographis paniculata at the dose of AP500 may
emerge as a preventive agent against liver and lungs
carcinogenesis.

CONCLUSION

Present investigation suggested that chromium induced
oxidative stress could be protected or minimized through the
administration with solvent extracts of A. paniculata, Natural
antioxidants strengthen the endogenous antioxidant defences
from ROS and restored the optimal balance by neutralizing the
reactive species. They are gaining immense importance by
virtue of their critical role in disease prevention. In this context,
Andrographis paniculata may rightly be mentioned as a plant
with antioxidant activity. The protective action of this plant
may be due to presence of andrographolide. It may suppress
the chromium induced ROS generation and ROS mediated
oxidative stress in different tissues. This finding may
recommended that methanol and aqueous extract of
Andrographis paniculata may have some important
components, having the antioxidant property to diminish or
prevent chromium induced toxicity.

SIGNIFICANCE STATEMENT

This study discovered the importance of evaluating
the important solvent extract of Andrographis paniculata
that can be beneficial for the supplementation of
chromium-induced oxidative stress. This study will help the
researchers to uncover the critical areas of the effective
compound that many researchers were not able to explore.
Thus a new theory on ethnopharmacology may be arrived at.



Singapore J. 5ci. Res., 10 (4): 400-411, 2020

ACKNOWLEDGMENT

The authors are thankful to Vidyasagar University,

Midnapore for providing the facilities to execute these studies.

10.

11.

12.

13.

14.

REFERENCES

Sadek, K.M., 2014. Chemotherapeutic efficacy of an ethanolic
Moringa oleifera leaf extract against chromium-induced
testicular toxicity in rats. First Int J. Androl., 46: 1047-1054.
Andleeb, S., 2014. A comprehensive review on chromium:
Toxicities and detoxification. Punjab Univ. J. Zool., 29: 41-62.
Ghalehkandi, J.G., 2018. Garlic (A/lium sativum) juice protects
from semen oxidative stress in male rats exposed to
chromium chloride. Anim. Reprod., 11: 526-532.

Wise, S.S., H. Xie, T. Fukuda, W.D. Thompson and J.P. Wise Sr.,
2014. Hexavalent chromium is cytotoxic and genotoxic to
hawksbill sea turtle cells. Toxicol. Applied Pharmacol.,
279:113-118.

Abd-Elhakim, Y.M. and W.A. Mohamed, 2016. Assessment of
the role of thymol in combating chromium (VI)-induced
oxidative stress in isolated rat erythrocytes /n vitro. Toxicol.
Environ. Chem., 98: 1227-1240.

Dey, SK., P. Nayak and S. Roy, 2003. Alpha-tocopherol
supplementation on chromium toxicity: A study on rat liver
and kidney cell membrane. J. Environ. Sci., 15: 356-359.

Sun, H. J. Brocato and M. Costa, 2015. Oral chromium
exposure and toxicity. Curr. Environ. Health Rep., 2: 295-303.
Dolai, D.P., S.K. Dey, S.K. Dash and S. Roy, 2016. Study the
chromium-induced oxidative stress on mitochondria from
liver and lungs origin. Am. J. Applied Scient. Res., 2: 59-64.
Debetto, P., R. Dal Toso, R. Varotto, V. Bianchi and S. Luciani,
1982. Effects of potassium dichromate on ATP content of
mammalian cells cultured /n vitro. Chem.-Biol. Interact.,
41:15-24.

Bianchi, V., P. Debetto, A. Zantedeschi and A.G. Levis, 1982.
Effects of hexavalent chromium on the adenylate pool of
hamster fibroblasts. Toxicology, 25: 19-30.

Shi, X, N.S. Dalal and V. Vallyathan, 1991. One-electron
reduction of carcinogen chromate by microsomes,
mitochondria and Escherichia colf 1dentification of Cr (V) and
OH radical. Arch. Biochem. Biophys., 290: 381-386.

Travacio, M., J.M. Polo and S. Llesuy, 2000. Chromium(VI)
induces oxidative stress in the mouse brain. Toxicology,
150: 137-146.

Lee, B.M.and K K. Park, 2003. Beneficial and adverse effects of
chemopreventive agents. Mutat. Res./Fundam. Mol. Mech.
Mutagen., 523-524: 265-278.

Vedavathy, S. and K.N. Rao, 1991. Antipyretic activity of
six indigenous medicinal plants of Tirumala Hills, Andhra
Pradesh, India. J. Ethnopharmacol., 33: 193-196.

410

15.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Shukla, B., P.K.S. Visen, G.K. Patnaik and B.N. Dhawan, 1992.
Choleretic effect of andrographolide in rats and guinea pigs.
Planta Med., 58: 146-149.

Zhang, C.Y. and B.KH. Tan, 1996. Hypotensive activity of
aqueous extract of Andrographis paniculata in rats.
Clin. Exp. Pharmacol. Physiol., 23: 675-678.

Dey, SK., K.B. Karmakar and S. Jana, 2011. Role of methanol
extract of Andrographis paniculata nees on chromium
induced alteration of functional status of liver in male albino
rats. Biochem.: Indian J., 5: 35-39.

Akhtar, M., AM. Maikiyo, A.K. Najmi, R. Khanam, M. Mujeeb
and M. Aqil, 2013. Neuroprotective effects of chloroform and
petroleum ether extracts of Nigella sativa seeds in stroke
model of rat. J. Pharm. Bioallied Sci., 5: 119-125.

Gazzotti, P, K. Malmstrom and M. Crompton, 1979.
Preparation and Assay of Animal Mitochondria and
Submitochondrial Vesicles. In: Membrane Biochemistry: A
Laboratory Manual on Transport and Bioenergetics,
Carafoli, E. and G. Semenza (Eds.)., Springer, Berlin,
Heidelberg, pp: 62-69.

Ohkawa, H., N. Ohishi and K. Yagi, 1979. Assay for lipid
peroxides in animal tissues by thiobarbituric acid reaction.
Anal. Biochem., 95:351-358.

Slater, T.l, 1984. Overview of methods used for detecting lipid
peroxidation. Methods Enzymol., 105: 283-293.

Sasaki, S., T. Miura, S. Nishikawa, K. Yamada, M. Hirasue and
A. Nakane, 1998. Protective role of nitric oxide
Staphylococcus aureus infection in mice. Infect. Immun.,
66:1017-1022.

Marklund, S. and G. Marklund, 1974. Involvement of the
superoxide anion radical in the autoxidation of pyrogalloland
aconvenientassay for superoxide dismutase. Eur. J. Biochem.,
47:469-474.

Griffith, O.W., 1980. Determination of glutathione and
glutathione disulfide using glutathione reductase and
2-vinylpyridine. Anal. Biochem., 106: 207-212.

Paglia, D.E. and W.N. Valentine, 1967. Studies on the
guantitative and qualitative characterization of erythrocyte
glutathione peroxidase. J. Lab. Clin. Med., 70: 158-169.
Miwa, S., 1972. Hematology. In: Modern Medical Technology,
Kosakai, N., H. Abe, Y. Hayashi and T. Furukawa (Eds.)., Vol. 3.
Igaku Shohin Ltd., Tokyo, pp: 306-310, (In Japanese).

Habig, W.H., M.J. Pabst and W.B. Jakoby, 1974. Glutathione
S-transferases: The first enzymatic step in mercapturic acid
formation. J. Biol. Chem., 249: 7130-7139.

Lowry, O.H., N.J. Rosebrough, A.L. Farr and R.J. Randall, 1951.
Protein measurement with the folin phenol reagent. J. Biol.
Chem., 193: 265-275.

Ryberg, D.and J. Alexander, 1990. Mechanisms of chromium
toxicity in mitochondria. Chem.-Biol. Interact., 75: 141-151.

in



30.

31

32.

33.

Singapore J. 5ci. Res., 10 (4): 400-411, 2020

Lazzarini, A., S. Luciani, M. Beltrame and P. Arslan, 1985.
Effects of chromium (VI) and chromium (lll) on energy charge
and oxygen consumption in rat thymocytes. Chem.-Biol.
Interact., 53: 273-281.

Bagchi, D., E.A. Hassoun, M. Bagchi and S.J. Stohs, 1995.
Chromium-induced excretion of urinary lipid metabolites,
DNA damage, nitric oxide production and generation of
reactive oxygen species in Sprague-Dawley rats. Comp.
Biochem. Physiol. Part C: Pharmacol. Toxicol. Endocrinol.,
110:177-187.

Poderoso, JJ., M.C. Carreras, C. Lisdero, N. Riobd,
F. Schopfer and A. Boveris, 1996. Nitric oxide inhibits

electron transfer and increases superoxide radical
production in  rat heart mitochondria  and
submitochondrial  particles. Arch. Biochem. Biophys.,
328:85-92.

Radi, R., A. Cassina and R. Hodara, 2002. Nitric oxide and
peroxynitrite interactions with mitochondria. Biol. Chem.,
383:401-4009.

411

34

35.

36.

37.

38.

39.

Ueno, S, N. Susa, Y. Furukawa, K. Aikawa, I. ltagaki,
T.Komiyama and Y. Takashima, 1988. Effect of chromium on
lipid peroxidation in isolated rat hepatocytes. Jap. J. Vet. Sci.,
50:45-52.

Rao, AK. and C. Shaha, 2001. Multiple glutathione S
transferase isoforms are present on male germ cell plasma
membrane. FEBS Lett., 507: 174-180.

Lu, S.C,, 1999. Regulation of hepatic glutathione synthesis:
Current concepts and controversies. FASEB J.,, 13: 1169-1183.
Trivedi, N.P. and U.M. Rawal, 2001. Hepatoprotective and
antioxidant property of Andrographis paniculata (Nees)
in BHC induced liver damage in mice. Indian J. Exp. Biol,,
39:41-46.

Kapil, A., 1.B. Koul, SK. Banerjee and B.D. Gupta, 1993.
Antihepatotoxic effects of major diterpenoid constituents of
Andrographis paniculata. Biochem. Pharmacol., 46: 182-185.
Handa, S.S.and A.Sharma, 1990. Hepatoprotective activity of
andrographolide from Andrographis paniculata against
carbon tetrachloride. Indian J. Med. Res., 92: 276-283.



	Singapore Journal of Scientific Research.pdf
	Page 1


