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Abstract: Overdose of acetaminophen (ACT), a widely used analgesic drug, can result in severe hepatotoxicity and
is often fatal. This study was undertaken to examine the effects of cat’s claw (Uncariatomentosa, UT), which is a
herbal medicine used widely to treat inflammatory disorders, on acetaminophen —induced hepatotoxicity in mice.
Mice were given cat's claw (10 mg kgrip") eight days before a hepatotoxic dose of acetaminophen ( 500 mg kg™ )
intraperitoneally. Acetaminophen hepatotoxic effect manifested by a significant increase in serum enzyme levels
including serum alanine aminotransferase (ALT), aspartate aminotransferase (AST), lactate dehydrogenase (LDH)
and total nitrate/nitrite. In addition, a significant increase in hepatic lipid peroxides and a significant decrease in
hepatic reduced glutathione (GSH) content. More over the enzyme activities of glutathione peroxidase and
superoxide dismutase in liver were significantly decreased. Histopathological finding also showed marked hepatic
necrosis with acetaminophen. Interestingly, supplementation of UT for 8 days before acetaminophen administration
completely reversed the biochemical and histopathological changes induced by ACT to the control values. In
conclusion, UT is effective in protecting mice against acetaminophen-induced hepato toxicity possibly via increased
resistance to oxidative and nitrosative stress.
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1.Introduction: doses of acetaminophen lead to induction of the
Acetaminophen (ACT), which is also named inducible nitric oxide synthase and that pretreatment
paracetamol, is a widely used antipyretic and of mice with a nitric oxide synthase inhibitor,
analgesic drug and its overdose cause hepatotoxicity aminoguanidine, decreases the toxicity [10].
[1,2]. Although a large dose of acetaminophen is Cat’s claw (Uncariatomentosa, UT) is known
directly conjugated with glucuronic acid or sulfate and with the common names cat’s claw. The following
excreted, a significant amount of acetaminophen is properties are attributed to cat’s claw: antibacterial
metabolized by the cytochrome P450 system [3]. This antimutagenic, antioxidant, anti-inflammatory,
leads to the formation of a reactive metabolite, antitumorous, antiviral, cytostatic, diuretic,
presumably N-acetyl-p-benzoquinoneimine (NAPQI), hypotensive, immune-stimulant and vermifuge [11].
which reacts rapidly with glutathione [3]. Thus, UT is used in traditional Peruvian medicine for the
acetaminophen causes dramatic depletion of cellular treatment of a wide range of health problems,
glutathione levels in the liver [4]. If the formation of particularly digestive complaints and arthritis. Among
NAPQI exceeds the capacity of hepatocellular GSH, it the numerous factors associated with liver
will covalently bind to cellular proteins leading to inflammation the enhanced production of oxidants and
hepatocellular injury [5]. free radicals have become widely recognized as
The mechanism of hepatocellular injury after the integral components of cell and tissue injury [12-15].
initial NAPQI formation, glutathione depletion and For these reasons, it is important to search for
covalent binding to proteins is still unclear. However, complementary treatments, including phytotherapic
many studies have suggested that macrophages and plants, that minimize the liver damage associated with
formation of reactive oxygen and nitrogen species are acetaminophen toxicity.
involved in the development of toxicity of Since oxidative and nitrosative stress play an
acetaminophen. Pretreatment of mice with gadolinium important role in acetaminophen-induced
chloride or dextran sulfate to inactivate macrophages hepatotoxicity [16,17] and UT possess strong anti-
have been shown to dramatically decrease oxidative as well as anti-nitrosative properties,
acetaminophen toxicity in mice [6-8]. In the therefore, it is reasonable to hypothesize that the use
acetaminophen-treated mice there was a direct of UT could protect against acetaminophen-induced
correlation between nitric oxide synthesis, as hepatotoxicity.
measured by serum levels of nitrate plus nitrite, and Aim of the work:

hepatotoxicity [9]. It was also reported that toxic
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The aim of the work is to study the possible cyto-
protective effect of cat's claw against acetaminophen
induced hepatotoxicity.
2.Materialsand Methods
Chemicals and Drugs

Acetaminophen was purchased from Merck
(Germany). Cat's claw was purchased from Sigma
Chemical Co., St. Louis, MO, USA. All other
chemicals were of the highest grade commercially
available.

Animals

Male Swiss albino mice weighing 22-25 g were
used in all experiments. Animals were maintained
under standard conditions of temperature & humidity
with regular light/dark cycle and allowed free access
to food (Purina Chow) and water. All animal
experiments were conducted according to the
regulations of the Committee on Bioethics for Animal
Experiments of Riyadh colleges of dentistry and
pharmacy.
Induction of liver damage

Acetaminophen group, was treated with a

single dose of acetaminophen (500 mg kg-1 i.p) and
killed after 24 hours. The rise in serum ALT was
taken as evidence for impaired liver function. [18]
Experimental protocol:

Animals were randomly assigned to 4 groups of
10 each:

Group 1 (Control): daily intraperitoneal injections of
isotonic saline (10 ml/kg) for 8 days.

Group 2 (UT): daily intraperitoneal injections of cat's
claw (10 mg kg-1 ip) for 8 days (19)

Group 3 (ACT): a single dose of acetaminophen (500
mg kg-1 i.p.) and Killed after 24 hours.

Group 4 (ACT + UT): daily intraperitoneal injections
of cat's claw (10 mg kg-1 ip) for 8 days then given a

single dose of acetaminophen (500 mg kg-1 i.p.).

At 24 h after last ACT injection, blood samples
were drawn from the orbital plexus, under light ether
anesthesia, into non-heparinized capillary tubes.
Serum was separated by centrifugation for 5 min at
4000 rpm and stored at —20°C until analysis. The liver
was isolated, washed with saline, weighed, and then
10% (w/v) homogenate of the liver was made in ice
cold saline.

Determination of serum enzymes ALT, AST and
LDH

Serum ALT, AST and LDH were determined
colorimetrically and kinetically as described by
Bergmeyer et al., 1978 and Buhl& Jackson, 1978
respectively, using commercially available diagnostic
kits (bioMérieux-RCS Lyon-France).[20,21]

Determination of total
concentrations in serum

nitrate/nitrite  (NO(x))
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Total nitrate/nitrite (NO(Xx)) was measured as

stable end product, nitrite, according to the method of
Miranda et al. [22]. The assay is based on the
reduction of nitrate by vanadium trichloride combined
with detection by the acidic griess reaction. The
diazotization of sulfanilic acid with nitrite at acidic pH
and subsequent coupling with N-(10 naphthyl)-
ethylenediamine produced an intensely colored
product that is measured spectro-photometrically at
540 nm. The levels of NOx were expressed as mol
g—1 wet tissue.
Determination of lipid peroxides, glutathione
content and enzyme activities of Glutathione
peroxidase andsuperoxide dismutase in liver
homogenate:

Glutathione contents and lipid peroxidation
(Malondialdhyde (MDA) production) in the hepatic
tissues were determined according Ellman, 1959 and
Ohkawa et al., 1979 respectively. [23.24] The enzyme
activity of Glutathione peroxidase (GSH-Px) and
superoxide dismutase were measured in the liver
homogenates according Lawrence & Burk ,1978 and
McCord & Fridovich,1969 respectively.[25,26]
Histopathology

Histological examination was performed on
about 50% of randomized animals of each group.
Liver samples were taken from the distal portion of
the left lateral lobe. The tissue was fixed for at least 48
hours in 10% formalin. The samples were then
embedded in paraffin, cut into 5 urn sections, and
stained with hematoxylin and eosin for examination
by Light micrograph.

Statistical analysis:

Data are expressed as mean + S.E. for the
groups. Comparisons of parameters between different
groups were evaluated by One-way analysis of
variance (ANOVA) followed by Tukey-Kramer
multiple comparisons test. Results considered
statistically significant whenP< 0.05.

3.Results:
Effects of UT on ACT-induced changes in serum
biochemical parameters:

Figure 1 shows the effects of ACT, UT and their
combination on the indices of serum liver function,
ALT, AST and LDH (Figs. 1,2,3). ACT resulted in a
significant 450%, 303% and 149% increase in serum
ALT, AST and LDH, respectively, as compared to the
control group. Combined treatment ACT with UT
leads to decrease significantly (P<0.001) the enzyme
activities of ALT, AST and LDH as compared with
ACT group.

Oxidative and NitrosativeStress Biomarkers

Figs. 4,5,6 show the effects of ACT, UT and
their combination on oxidative and nitrosative stress
biomarkers namely thiobarbituric acid reactive
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substance (MDA), GSH in hepatic tissues and total
nitrate/nitrite in serum (NOX) respectively. ACT
resulted in a significant 57% decrease in GSH, a
significant 225% increase in MDA and a significant
141% increase in NOx as compared to the control
group. Combined ACT treatment with UT decreased
significantly MDA and NOx (P<0.01) and restore
GSH level in hepatic tissues compared to the control
values.
Antioxidant Enzyme Activities

Figs. 7and 8 show the effects of AST,UT and
their combination on the activity of antioxidant
enzymes Gpx and SOD in hepatic tissues respectively.
ACT resulted in a significant decrease in both Gpx

Fig (1) Effects of UT on elevated serum enzymes ALT activities induced by ACT
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UT (10 mg/kg/day i p.) was given for 8 day before and during the experimental
period ,while ACT (500mg/kg i.p.) injected.

- Significantly different from control group # Significantly different from ACT
#*P<0.05 ##*P<0.01  ##H™ P<0.001

Fig (3) Effects of UT on elevated serum enzymes LDH activities induced by ACT
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UT (10 mg/kg/day i.p) was given for 8 day before and during the experimental
period ,while ACT (500mg/kg i.p.) injected.

- Significantly different from control group # Significantly different from ACT
#*P<0.05 ##*P<0.01  ###* P<0.001

Fig (5) Effect of ACT, UT and their combination on the levels
of reduced glutathione in mice hepatic tissues

and SOD enzyme activities as compared to the
control gro (both P<0.01). Combined ACT treatment
with UT improve significantly both enzymes activity
(P<0.05) inhepatic tissues compared with ACT group.
Histopathological study:

Combined treatment ACT with UT completely
protected the liver against ACT-induced hepatic
necrosis (Fig. H-2) and no signs of hepatic damage
were observed. Mice treated with ACT showed
extensive hepatocellular damage, vacular degeneration
together with central zonal necrosis after 24 hours
from the last injection(Fig. H-1). Control mice had
normal hepatic architecture.

Fig (2) Effects of UT on elevated serum enzymes AST activities
induced by ACT
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UT (10 mg/kg/day i.p.) was given for 8 day before and during the experimental
period ,while ACT (500mg/kg i.p.) injected.

- Significantly different from control group # Significantly different from ACT
#*P<0.05 ##*P<0.01  ###* P<0.001

Fig (4) Effect of ACT, UT and their combination on the levels of
thiobarbituric acid reactive substance (MDA) in mice hepatic tissues
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UT (10 mg/kg/day i.p.) was given for 8 day before and during the experimental
period ,while ACT (500mg/kg i.p.) injected.

- Significantly different from control group # Significantly different from ACT
#* P<0.05 ##*P<0.01  ###* P<0.001

Fig (6) Effect of ACT, UT and their combination on the levels
of total nitrate/nitrite in serum
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UT (10 mg/kg/day i.p.) was given for 8 day before and during the experimental UT (10 mg/kg/day i.p.) was given for 8 day before and during the experimental

period ,while ACT (500mg/kg i.p.) injected.

- Significantly different from control group # Significantly different from ACT

#* P<0.05 ##*P<0.01  ###7* P<0.001

period ,while ACT (500mg/kg i.p.) injected.
- Significantly different from control group # Significantly different from ACT
#*P<0.05 ##*P<0.01  ###** P<0.001
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Fig (7) Effect of ACT, UT and their combination on liver
glutathione peroxidase activity

1500+
=3 Control

B Ut
R ACT
w4 UT+ACT

1000

500+

GPx
(mmol/min/mg liver) Mean +SE

04

UT (10 mg/kg/day i.p.) was given for 8 day before and during the experimental
period ,while ACT (500mg/kg i.p.) injected

- Significantly different from control group # Significantly different from ACT
#*P<0.05  ##*P<0.01 ###* P<0.001

TS EAd
Flg H1:A photomlcrograph of I|ver of control group
showing normal hepatic structre. (H&E...x200)

Fig. H2: A photomicrograph of liver of ACT-treated
group showing severe inflammatory infiltrates mainly
lymphocytic cells (H&E...x200).

4. Discussion

The obtained results showed that the serum
aminotransferase activity was significantly elevated
after ACT administration. This indicates that ACT
induced liver injury in the early phase of acute
intoxication.  In  addition, the liver MDA
concentrations were significantly higher in ACT group
in comparison with those of the control group. Based
on these data, it could be suggested that lipid

Fig (8) Effect of ACT, UT and their combination on liver
superoxide dismutase activity
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UT (10 mg/kg/day i.p.) was given for 8 day before and during the experimental
period ,while ACT (500mg/kg i.p.) injected.
- Significantly different from control group # Significantly different from ACT
#P<0.05  #™P<0.01 ###** P<0.001

peroxidation may be an important mechanism of
ACT-induced hepatotoxicity, even when administered
acutely. Lipid peroxidation was confirmed to be an
important mechanism of ACT-induced liver injury at
different doses in various studies. [27-31] The role of
lipid peroxidation was also confirmed by the
protective effects of L-carnitine and some medicinal
plants on hepatocyte injury caused by ACT.[28,29.30]
This protection can, at least partly, be explained by
their ability to inhibit MDA production. Similarly,
earlier studies showed that a vitamin E-rich diet
reduces lipid peroxidation in hepatocytes due to ACT
toxicity. Vitamin E was found to protect animals
against ACT hepatotoxicity. [28,32,33]

Serum nitrites and nitrates, markers of NO
production, were increased in ACT group. These
findings suggest that reactive nitrogen species are also
involved in acute ACT- induced liver injury. The role
of nitrosative stress in acute ACT intoxication,
detected as an increase in nitrotyrosine production,
was suggested in  various studies. [34-36]
Nitrotyrosine immune-reactivity was found to be
increased 4 h after ACT treatment in mouse liver. [34]

Similarly, it was reported that in low
concentrations NO exerts hepatoprotective effects,
while in high concentrations, NO in the presence of
superoxide anion leads to peroxynitrite formation,
which is known to be a potent oxidant in cells. [28]
Normally, peroxynitrite is detoxified by GSH/GSH
peroxidase, especially in the mitochondria. [37] It has
been postulated that GSH depletion induced by ACT
leads to peroxynitrite accumulation, thus aggravating
nitrosative stress.48 The present results are in
accordance with these data, since a significant GSH
depletion was found in ACT group.

Various studies suggested that GSH depletion
plays a contributory role in ACT hepato-
toxicity.[39,40] N-Acetylcysteine, a GSH precursor,
was found to reduce ACT toxicity in mice and this
effect was pronounced in the first hours after ACT
treatment.[41] Similarly, pretreatment with o-lipoic
acid reduced GSH depletion induced by high doses of
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ACT and protected markedly against its
hepatotoxicity. [42] In addition, in vitro studies
confirmed a profound GSH depletion after a ACT
overdose. [43] This is not surprising since the major
mechanism involved in early ACT hepatotoxicity is
inactivation of sulfhydryl groups of various cellular
compounds due to NAPQI detoxification.[28]

Liver SOD activity was decreased after
administration of ACT. This decrease liver SOD
activity was reported in various experimental
models.[44,45]The  simultaneous induction  of
glutathione peroxidase after UT treatment is largely
contribute to the increased resistance of the liver cells
to ACT toxicity as well as intracellular ROS
accumulation . Furthermore, the induction of GPx by
UT may lead to increased regeneration of GSH from
GSSG produced during GPx-catalyzed decomposition
of H202 in liver cells. Several recent studies have also
reported that GPx plays an important role in protecting
cells against ROS- mediated injury. [28]

Uncariatomentosa(UT, Cat’s claw) has
antioxidant properties [11] and can stimulate DNA
repair [46] and myelopoiesis [47]. Eberlinet al.[47]
showed that UT extract promotes proliferation of
myeloid precursors through the increase in serum
colony stimulating growth factors (CSFs). Other
experiments have demonstrated the positive effect of
UT on leukocyte counts over a period of eight weeks
in healthy animals [11] and after ten days of
doxorubicin-induced neutropenia. [48]

Many previous studies have clearly shown the
potential of the antioxidant UT, and its potent radical
scavenger activity was confirmed by several assays
including the following: the capacity to reduce the free
radical diphenylpycrilhydrazyl (DPPH assay) [49, 50],
the reaction with the superoxide anion, peroxyl [49],
and hydroxyl radicals [49] as well as with the oxidant
species, hydrogen peroxide, and hypochlorous acid
assay. [49, 51]

In summary, administration of UT protected
mice from acetaminophen-induced hepatotoxicity. The
protection is not through the change in metabolism of
acetaminophen but may be due to reduction of
oxidative and nitrosative stress. These protective
effects of UT on liver injury might have a
considerable impact on developing clinically feasible
strategies to treat patients with drug induced hepatitis.

References:

[1] Nagi MN, Almakki HA, Sayed-Ahmed MM, Al-
Bekairi AM. Thymoquinone supplementation
reverses acetaminophen-induced oxidative stress,
nitric oxide production and energy decline in mice
liver. Food ChemToxicol. 2010 Aug-Sep;48(8-
9):2361-5.

[2] Boyer TD, Rouff SL. Acetaminophen-induced
hepatic necrosis and renal failure 1971; 218: 440—
1.

[3] Nelson SD. Molecular mechanisms of
hepatotoxicity caused by acetaminophen.Semin
Liver Dis 1990;10:267-78.

[4] Mitchell JR, Jollow DJ, Potter WZ, Gillette JR,
BrodiBB.Acetaminophen-induced hepatic
necrosis. 1V. Protective role of glutathione. J
PharmacolExpTher 1973;187:211-7.

[5] Okokon JE, Nwafor PA, Charles U, Dar A,
IgbalChoudhary M. Antioxidative burst and
hepatoprotective effects of ethanol root extract of
Hippocrateaafricana against paracetamol-induced
liver injury. Pharm Biol. 2013 Mar 27

[6] Goldin RD, Ratnhayaka ID, Breach CS, Brown IN,
Wichramasingfe SN. Role of macrophages in
acetaminophen (paracetamol)-induced
hepatotoxicity. J Pathol 1996;179:432-5.

[7] Michael SL, Pumford NR, Mayeux PR, Niesman
MR, Hinson JA. Pretreatment of mice with
macrophage inactivators decreases acetaminophen
hepatotoxicity and the formation of reactive
oxygen and nitrogen species. Hepatology
1999;30:186-95.

[8] Laskin DL, Gardner CR, Price VF, Jollow DJ.
Modulation of macrophage functioning abrogates
the acute hepatotoxicity of acetaminophen.
Hepatology 1995;21:1045-50.

[9] Michael SL, Mayeux PR, Bucci TJ, Warbrtton AR,
Irwin LK, Pumford NR, et al. Acetaminophen-
induced hepatotoxicity in mice lacking inducible
nitric oxide synthase activity. Nitric Oxide 2002;
6:160-7.

[10] Gardner CR, Heck DE, Yang CS, Thomas PE,
Zhang XJ, de George GL, et al. Role of nitric
oxide in acetaminophen-induced hepatotoxicity in
the rat. Hepatology 1998;26:748-54.

[11] Farias IL, Aradjo MC, Farias JG, Rossato LV,
Elsenbach LI, Dalmora SL, Flores NM, Durigon
M, Cruz 1B, Morsch VM, Schetinger MR.
Uncariatomentosa for Reducing Side Effects
Caused by Chemotherapy in CRC Patients:
Clinical Trial. Evid Based Complement Alternat
Med. 2012;2012:892182.

[12] Winkler C, Wirleitner B, Schroecksnadel K,
Schennach H, Mur E, Fuchs D. In vitro effects of
two extracts and two pure alkaloid preparations of
Uncariatomentosa on peripheral blood
mononuclear cells. Planta Med. 2004 Mar;
70(3):205-10.

[13] Sandoval-Chacén M, Thompson JH, Zhang XJ,
Liu X, Mannick EE, Sadowska-Krowicka H,
Charbonnet RM, Clark DA, Miller MJ.
Antiinflammatory actions of cat's claw: the role of


http://www.lifesciencesite.com/

Life Science Journal 2013;10(2)

http://www.lifesciencesite.com

NF-kappaB. Aliment PharmacolTher. 1998
Dec;12(12):1279-89.

[14] Bukowska B, Bors M, Gulewicz K, Koter-
Michalak M. Uncariatomentosa extracts protect
human erythrocyte catalase against damage
induced by 2,4-D-Na and its metabolites. Food
Chem Toxicol. 2012 Jun;50(6):2123-7.

[15] Erowele GI, Kalejaiye AO. Pharmacology and
therapeutic uses of cat's claw.Am J Health Syst
Pharm. 2009 Jun 1;66(11):992-5.

[16] Jaeschke, H., Bajt, M.L., 2006. Intracellular
signaling mechanisms of acetaminopheninduced
liver cell death. Toxicol. Sci. 89, 31-41.

[17] James, L.P., Mayeux, P.R., Hinson, J.A., 2003.
Acetaminophen-induced
hepatotoxicity.DrugMetab.Dispos. 31, 1499-1506.

[18] Gamal el-din AM, Mostafa AM, Al-Shabanah
OA, Al-Bekairi AM, Nagi MN. Protective effect
of arabic gum against acetaminophen-induced
hepatotoxicity in mice. Pharmacol Res. 2003 Dec;
48(6):631-5.

[19] Ibrahim K.E. , Al-Ashban R M and EI-Sammani
SA.2009. A Study of the Toxicity of Cat s Claw
Herbal ~ Medicine.  Research  Journal  of
Pharmacology.3(3):52-57

[20] Bergmeyer HU, Schiebe P, Wahlefeld AW.
Optimization of methods for  aspartate
aminotransferase and alanine
aminotransferase.ClinChem 1978;24:58-73.

[21] Buhl, S., Jackson, K. 1978. Optimal conditions
and comparison of lactate dehydrogenase catalysis
of the lactate to pyruvate and pyruvate to lactate
reactions in human serum at 25, 30 and 37 °C.Clin.
Chem. 24, 828-831

[22]Miranda, K.M., Espey, M.G., Wink, D.A., 2001.
A rapid, simple spectrophotometric method for
detection of nitrate and nitrite. Nitric Oxide 5, 62—
71.

[23] Ellman, G.L., 1959. Tissues sulfhydryl group.
Arch. Biochem.Biophys. 82, 70-77.

[24] Ohkawa, H., Ohishi, N., Yagi, K., 1979. Assay of
lipid peroxides in animal tissues by thiobarbituric
acid reaction. Annal. Biochem.95, 351-358.

[25] Lawrence RA, Burk RF. Glutathione peroxidase
activity in selenium-deficient rat liver. Biochem
Biophys Res Commun.1976 ; 71:952-8.

[26] McCord JM and Fridovich | (1969).Superoxide
dismutase.Anenzymic function for erythrocuprein
(hemocuprein). J. Biol. Chem. 25; 244 (22): 6049-
55.

[27] Grypioti AD, Mykoniatis M, Demopoulos CA,
Kostopanagiotou G. Recombinant platelet-
activating factor-acetylhydrolase attenuates
paracetamol-induced liver oxidative stress, injury,
and regeneration. Dig Dis Sci. 2007 Jan;52(1):192-
9.

2315

[28] Mladenovi¢ D, Ninkovi¢ M., Vucevi¢ D, Coli¢
M, Micev M, Todorovi¢ V, Stankovic M and
Radosavljevi¢ T:The effects of ethanol on
paracetamol-induced oxidative stress in mice liver.
J. Serb. Chem. Soc. 2013, 78 (2) 179-195.

[29] Olaleye MT, Rocha BT. Acetaminophen-induced
liver damage in mice: effects of some medicinal
plants on the oxidative defense system.
ExpToxicolPathol. 2008 Mar;59(5):319-27

[30] Yapar K, Kart A, Karapehlivan M, Atakisi O,
Tunca R, Erginsoy S, Citil M. Hepatoprotective
effect of L-carnitine against acute acetaminophen
toxicity in mice. ExpToxicolPathol. 2007 Oct;
59(2):121-8.

[31] Mladenovi¢ D, Radosavljevi¢c T, Ninkovi¢ M,
Vucevi¢ D, Jesi¢-Vukicevi¢ R, Todorovi¢ V. Liver
antioxidant capacity in the early phase of acute
paracetamol-induced liver injury in mice. Food
Chem Toxicol. 2009 Apr;47(4):866-70.

[32] Jaeschke H, Kleinwaechter C, Wendel A.
NADH-dependent reductive stress and ferritin-
bound iron in allyl alcohol-induced lipid
peroxidation in vivo: the protective effect of
vitamin E. ChemBiol Interact. 1992 Jan;81(1-
2):57-68.

[33] Jaeschke H, Knight TR, Bajt ML. The role of
oxidant stress and reactive nitrogen species in
acetaminophen hepatotoxicity. ToxicolLett. 2003
Oct 15;144(3):279-88.

[34] Knight TR, Kurtz A, Bajt ML, Hinson JA,
Jaeschke H. Vascular and hepatocellular
peroxynitrite formation during acetaminophen
toxicity: role of mitochondrial oxidant stress.
Toxicol Sci. 2001 Aug;62(2):212-20.

[35] Burke AS, MacMillan-Crow LA, Hinson JA.
Reactive nitrogen species in acetaminophen-
induced mitochondrial damage and toxicity in
mouse hepatocytes.Chem Res Toxicol. 2010 Jul
19;23(7):1286-92.

[36] LoGuidice A, Boelsterli UA. Acetaminophen
overdose-induced liver injury in mice is mediated
by peroxynitrite independently of the cyclophilin
D-regulated permeability transition. Hepatology.
2011 Sep 2;54(3):969-78

[37] Kirsch M, Lehnig M, Korth HG, Sustmann R, de
Groot H. Inhibition of peroxynitrite-induced
nitration of tyrosine by glutathione in the presence
of carbon dioxide through both radical repair and
peroxynitrate formation. Chemistry. 2001 Aug
3;7(15):3313-20.

[38] Radi R, Beckman JS, Bush KM, Freeman BA.
Peroxynitrite  oxidation of  sulfhydryls.The
cytotoxic potential of superoxide and nitric oxide.
J Biol Chem. 1991 Mar 5;266(7):4244-50.

[39] James LP, McCullough SS, Knight TR, Jaeschke
H, Hinson JA. Acetaminophen toxicity in mice


http://www.lifesciencesite.com/
http://scialert.net/asci/author.php?author=K.E.&last=Ibrahim
http://scialert.net/asci/author.php?author=R.M.&last=Al-Ashban
http://scialert.net/asci/author.php?author=S.A.&last=El-Sammani

Life Science Journal 2013;10(2)

http://www.lifesciencesite.com

lacking NADPH oxidase activity: role of
peroxynitriteformation and mitochondrial oxidant
stress. Free Radic Res. 2003 Dec;37(12):1289-97.

[40] Knight TR, Ho YS, Farhood A, Jaeschke H.
Peroxynitrite is a critical mediator of
acetaminophen hepatotoxicity in murine livers:
protection by glutathione. J PharmacolExpTher.
2002 Nov;303(2):468-75.

[41] James LP, McCullough SS, Lamps LW, Hinson
JA. Effect of N-acetylcysteine on acetaminophen
toxicity in mice: relationship to reactive nitrogen
and cytokine formation. Toxicol Sci. 2003
Oct;75(2):458-67

[42] Abdel-Zaher AO, Abdel-Hady RH, Mahmoud
MM, Farrag MM. The potential protective role of
alpha-lipoic acid against acetaminophen-induced
hepatic and renal damage.Toxicology. 2008 Jan
20;243(3):261-70

[43] Ponsoda X, Jover R, Gomez-Lechon MJ, Fabra
R, Trullenque R, Castell JV. Intracellular
glutathione in human hepatocytes incubated with
S-adenosyl-L-methionine and  GSH-depleting
drugs. Toxicology. 1991;70(3):293-302.

[44] Olaleye MT, Rocha BT. Acetaminophen-induced
liver damage in mice: effects of some medicinal
plants on the oxidative defense system. Exp
Toxicol Pathol. 2008 Mar;59(5):319-27.

[45] Gao H, Zhou YW. Anti-lipid peroxidation and
protection of liver mitochondria against injuries by
picroside 1l. World J Gastroenterol. 2005 Jun
28;11(24):3671-4

4/28/2013

2316

[46] Sheng Y, Li L, Holmgren K, Pero RW. DNA
repair enhancement of aqueous extracts of
Uncariatomentosa in a human volunteer study.
Phytomedicine. 2001 Jul;8(4):275-82.

[47] Eberlin S, dos Santos LM, Queiroz ML.
Uncariatomentosa extract increases the number of
myeloid progenitor cells in the bone marrow of
mice infected with Listeria monocytogenes. Int
Immunopharmacol. 2005 Jul;5(7-8):1235-46

[48] Sheng Y, Pero RW, Wagner H. Treatment of
chemotherapy-induced leukopenia in a rat model
with aqueous extract from Uncariatomentosa.
Phytomedicine. 2000 Apr;7(2):137-43.

[49] Gongalves C, Dinis T, Batista MT. Antioxidant
properties of proanthocyanidinsof
Uncariatomentosa bark decoction: a mechanism
for anti-inflammatory activity. Phytochemistry.
2005 Jan;66(1):89-98.

[50]Paniagua-Pérez R, Madrigal-Bujaidar E, Molina-
Jasso D, Reyes-Cadena S, Alvarez-Gonzélez |,
Sanchez-Chapul L, Pérez-Gallaga J.
Antigenotoxic, antioxidant and lymphocyte
induction effects produced by pteropodine. Basic
ClinPharmacolToxicol. 2009 Mar;104(3):222-7.

[51] Amaral S, Mira L, Nogueira JM, da Silva AP,
Helena Floréncio M. Plant extracts with anti-
inflammatory properties--a new approach for
characterization of their bioactive compounds and
establishment of structure-antioxidant activity
relationships. Bioorg Med Chem. 2009 Mar
1;17(5):1876-83


http://www.lifesciencesite.com/

