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Introduction: m:iative stress is known to contribute to the pathogenesis of neurodegenerative disorders.
An ethanolic turmeric (Curcuma longa L.) exiract containing curcumin has been reported to produce
antioxidant effects.

Obijective: The present study aims to investigate the possible neuroprotective effects of the ethanolic turmeric
extract against trimethyltin (TMT)-induced oxidative s@fils in Sprague Dawley rats.

Methods: The ethanolic turmeric extract and citicoline were administered to the TMT exposed rats from day 1
to day 28 of the experiment. The TMT injection was admini d on day 8 of the experiment. The ma and
brain malondialdehyde (MDA) and reduced glutathione (GSH) levels, and the activities of the superoxide
dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) enzymes in the brain were examined
at the end of the experiment.

Results: The administration of 200 mg/kg bw of the ethanolic turmeric extract prevented oxidative siress by
decreasing the plasma and brain MDA levels and increasing the SOD, CAT, and GPx enzyme activities and
GSH levels in the brain. These effects seem to be comparable to those of citicoline.

Discussion: The ethanolic turmeric extract at a dose of 200 mg/kg bw may exert neuroprotective effects on
TMT-exposed Sprague Dawley rats by preventing them from oxidative stress.
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Introduction brain. Oxidative damage to lipids consisting of unsatu-

Oxidative stress, which is an imbalance between reac-
tive oxygen species (ROS) production and elimination
by the antioxidant defense system, is considered to
underpin the pathogenesis of neurodegenerative dis-
orders." Brain cells are very sensitive to oxidative
damage, due to the high oxygen demand of the

Correspondence to: Ginus Partadiredja, Department of Physiology,
Faculty of Medicine, Universitas Gadjah Mada, Yogyakarta 55281,
Indonesia. Email: gpartadiredja@yahoo.com; gpartadiredja@ugm.ac.id

® 2018 Informa UK Limited, trading as Taylor & Francis Group
DOl 10.1080/1028415X.2018.1447267

rated fatty acids (lipid peroxidation) yields end
products such as malondialdehyde (MDA), 4-
hydroxy-2,3-nonenal, acrolein, and other compounds’
that exert negative effects on human health.
Endogenous antioxidant enzymes, such as gluta-
thione peroxidase (GPx), su ide dismutase
(SOD), and catalase (CAT), serve to protect the cells
from the oxidative damage.* However, while the unsa-
turated fatty acid content of the brain is high, the
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antioxidant defense system of the brain is weaker com-
pared to that of other organs. Therefore, oxidative
stress may easily cause the degeneration of the hippo-
campus, a major brain region for pEpory processing.
In turn, such degeneration may play a role in the
pathogenesis of neurodegenerative disorders, includ-
ing dementia.*

Trimethyltin (TMT) is an organometal that has neu-
rotoxic effects. TMT enhances the formation of ROS
in the hippocampus. TMT also increases the
expression tmlponam factors related to the patho-
physiology of Alzheimer’s disease (AD) such as
amyloid precursor protein, presenilin and c-fos in the
limbic system.” Therefore, TM T-intoxicated rats may
serve as valuable models for studies of neurodegenera-
tive disorders, such as Alzheimer’s disease.’

Curcuma longa, L. or turmeric is widely known as a
dietary food ingredient and traditionally used as a med-
icinal herb. The potential use of turmeric as an alterna-
medicine is attributed to its antioxidant properties.
In vitro and in vivo studies showed that the active com-
pound of turmeric extract, curcumin, prevented oxi-
dative stress-induced neurodegeneration in the
nervous system.”* Our previous studies have shown
that an ethanolic turmeric extract prevented the deficits
ofthe spatial memory and the estimated total number of
hippocampal pyramidal cells,” as well as inhibited the
apoptosis of tha:yramida] neurons in the CA2-CA3
region, but not 1n the CA1 region of the hippocampus
of TMT-exposed rats.'” The present study extends
these studies and aims to determingggg effects of the
ethanolic extract of turmeric on the levels of oxidative
stress markers in the brains and plasma of Sprague
Dawley rats exposed to TMT. The effects of the tur-
meric extract were compared to those of citicoline (citi-
dine-5-diphosphocholine  or  CDP-choline) (an
endogenous compound that stabilizes membrane func-
tion and reduces free radical generation), which is a
drug of choice for dementia.

%thods

Animals

Thirty-six adult male Sprague Dawley rats weighing
approximately 195-215g were obtained from the
animal house of Universitas Gadjah a. The
animals were housed individually in cages under stan-
dard conditions temperature: 24-26°C; humid-
ity: 60-65%; 12/12-h natural light/dark cycle). The
anim; ad free access to food and water. The rats
were acclimatized for at least 6 days prior to the
study. The experimental oco]s and animal hand-
ling procedures were approved by the Ethics
Committee of the Integrated Research and Testing
Laboratory, Universitas Gadjah Mada (approval
number 130/KEC-LPPT/XII/2013).
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Extraction of the turmeric rhizome
The turmeric rhizome was obtained from CV. Merapi
Farma, Yogyakarta, Indonesia, and verified by a bota-
nist from the Department of Biology, Universitas
Ahmad Dahlan, Yogyakarta, Indonesia. The extract
was prepared as follows: five hundred grams of the tur-
meric rhizome powder were macerated in 1.25 1 of 96%
ethanol (Merck, Darmstat, Germany). The macera-
tion was repeated twice, followed by filtration. The
resulting filtrate was concentrated using a vacuum
rotary evaporator (Heidolph, Schwabach, Germany)
under reduced pressure at 40°C. The final yield of
the turmeric extract was 30.38% w/w. The concen-
tration of curcumin that represented the major active
content of the extract was determined using a TLC
scanner densitometer (CAMAG, Muttenz,
Switzerland) operated at a wavelength of 426 nm.
The curcumin level obtained was 28.08%. The tur-
ic rhizome extract was finally dissolved in a
%um—carboxymethyl cellulose (CMC-Na) solution
prior to oral administration to the rats.

Expemenml design

The rats were randomly divided into six groups as
follows: the N group served as a normal or vehicle
group and was treated with the CMC-Na solution
(the vehicle of turmeric extract) and an intraperitoneal
injection of 0.9% saline; the T group served as control
group and was orally administered the CMC-Na sol-
ution intraperitoneally injected with TMT chlor-
ide (Sigma-Aldrich, Inc., St. Louis, Mo, USA)
dissolved in 0.9% saline;'' the T-Cit group served as
a positive control group and was orally administered
200 mg/kg bw of a citicoline solution (Bernofarm
Pharmaceutical Company, Sidoarjo, Indonesia) and
injected with TMT chloride; and the T-TE100, T-
TE200, and T-TE300 groups, which were orally admi-
nistered 100, 200, and 300 mg/kg bw, respectively, of
the ethanolic extract of turmeric and intraperitoneally
injected with TMT chloride. The doses of the extract
adopted in the present study referred to the curcumin
doses applied in Awasthi et al.’s study.'” The curcumin
doses were converted into turmeric extract doses which
were considered acceptable for humans. Each group
consisted of six rats. The ethanolic extracts of turmeric
and the citicoline solutions were administered daily
from day 1 to day 28 of the experiment. The TMT
chloride injection was administered as a single dose
of 8 mg/kg bw on day 8 of the experiment. The tur-
meric extracts and the citicoline solutions were deliber-
ately administered daily for a week prior to the TMT
injection with the purpose to give a prophylactic pro-
tection to the rats. At day 36, the rats’ blood was
taken from the sinus orbitalis. These blood samples
were used to determine the plasma MDA levels.
Then, all rats were sacrificed and the cerebral




hemispheres of the rats were dissected from their
skulls. The left cerebral hemispheres were homogen-
ized at 4°C using a homogenizer (Potter-Elvehjem
Tissue Grinders, Wheaton, 1L, USA). The homogen-
ates were used for the biochemical assays. In the
present study, the cerebral hemispheres were used for
the experiment since in the brain of AD patients, oxi-
dative stress products are found not only in the hippo-
campus but also in other regions of the brain such as in
the temporal lobe."?

Experimental procedures

Measurement of the plasma MDA levels

The plasma MDA levels were measured using a pre-
viously described method.'* Briefly, 0.75 ml of phos-
phoric acid was poured into a tube filled with
0.25 ml of thiobarbituric acid (TBA) (Sigma Aldrich,
Inc.). Subsequently, 0.05 ml of the blood plasma and
0.45 ml of water were added to the tube, and this
mixture was blended with a vortex for 2 minutes.
The mixture was then heated in a water bath
(Memmert, Germany) for 60 minutes at 60°C. After
being cooled for 1-2 hours, the mixture was poured
into a Sep-Pak CI18 (Waters) column to bin@ith
MDA and washed with 5 ml of methanol and water.
The absorbance of the mixture was examined using a
spectrophotometer (Shimadzu — 1601, Kyoto, Japan)
at a wavelength of 532 nm. The absorbance of the
mixture was compared with that of a 1,1,3,3-tetra-
ethoxypropane (TEP) solution (Sigma Aldrich, Inc.),
which served as a standard. The MDA values were
expressed as mmol/l plasma.

Measurement of the brain MDA levels

The brain MDA levels were determined according to
the method described in the study by Colado et al.'®
Five hund icroliters of the tissue homogenate dis-
solved in sphate buffer solution (pH 7.4) were
mixed with 300 pl of 30% trichloroacetic acid, 1

of 5 N HCI, and 300 pl of 2% w/v TBA. The
mixture was heated at 90°C for 15 mim@and centri-
fuged at 12 000 g for 10 minutes. The absorbance of
the supernatant was read in a spectrophotometer at a
wavelength of 532 nm. 1,1,3,3-TEP was used as a stan-
dard. The MDA level was expressed as nmol/mg
tissue.

Measurement of the brain SOD activity

The SOD activity in the brain tissues was determined
using an Assay Kit, Cat. K335-100 (BioVision,
Milpitas, C SA). The tissues were homogenized
in 0.2ml of 0.1 M Tris/0.1 M HCI (pH 7.4) and cen-
trifuged at 14 000 rpm for 5 minutes at 4°C. The super-
natants of these mixtures were used to measure the
activity of the SOD enzyme. Three blank solution
wells were used for each sample. Twenty microliters
of supernatant were added to the sample well and
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blank well 2. Meanwhile, 20 ul of distilled water were
added to blank wells 1 and 3. At the same time,
200 pl of working solution were added to each well
and 20 pl of buffer solution were added to blank
wells 2 and 3. Twenty microliters of the enzyme sol-
ution were added into each of the wells and the
mixture was homogenized by wrapping the microplate
with alumi foil and shaking it. These mixtures
were then incubated at 37°C for 20 minutes. The
absorbanf these mixtures was measured at a wave-
length of 450 nm using a microplate reader (Bio-Rad
model 680 XR, California, USA). The SOD activity
was normalized to the milligrams of protein used in
the assay and expressed as ng/mg protein.

Measurement of the brain activity

The CAT enzyme activity in the tissues was deter-
mined usin an Assay Kit, Cat. K773-100
(BioVision). In this assay, CAT first reacts with
H->0, to produce water and oxygen. The unconverted
H->0, reacts with an OxiRed™ probe to produce water
and oxygen. This reaction is assessed by a colorimetric

hod‘ Briefly, the brain tissue homogenates were

centrifuged at 10 000 rpm for 15 minutes at 4°C in
cold assay buffer, and the supernatants were collected
for the assay. The assay was performed in triplicate
using awe]] microplates. The rate of H,0, decompo-
sition was measured at a wavelength of 570 nm in a
microplate r (model 680XR, Bio-Rad
Laboratories). One unit of CAT was defined as the
amount of enzyme needed to decompose 1 uM of
H>05 in 1 min. The CAT activity was normaliz

the milligrams of protein used in the assay and
expressed as mU /mg protein.

Measurement of the brain reduced glutathione levels
The GSH content of the brain tissues was analyzed
using a colorimetric GSH detection kit according to
the manufacturer’s instructions (Cat. K261-100,
BioVision). One hundred milligrams of the brain
tissue homogenates dissolved in 0.4 ml of glutathione

H} buffer were mixed with 100 pl of 5% SSA and

centrifuged at 8000 rpm for 10 minutes. The super-
natant of the mixture was transferred into a fresh
tube and used for the GSH assay. One hundred sixty
microliters of a reaction mixture containing the
NADPH generating mix, GSH reductase, and GSH
reaction buffer was added to 96-well plates and incu-
bated at room temperature for 10 minutes to generate
NADPH. Twenty microliters of either the GSH stan-
dard solutions or the supernatant was pipetted into
the wells, and the plates were incubated at the room
temperature for 10 minutes. The GSH concentrations
in the sample solutions were calculated using the stan-
dard GSH calibration curve and expressed as pg/mg
protein.
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Meanement of the brain GPx activity

The GPx activity was deteined using an assay kit
(Cat. K762-100, BioVision) according to the manufac-
turer’s instructions. Approxima@lly 0.1 g of the brain
tissue homogenates dissolved in 0.2 ml cold assay
buffer was centrifuged at 10 000 rpm for 15 minutes
at 4°C. The supernatant of this mixture was collected
and used for the assay. Ten microliters of the super-
natants were transferred into 96-well plates. Forty
microliters of readBpn mix (containing 33 pul of assay
buffer, 3 pul of a 40mM NADPH solution, 2 pul of
GR solution and 2 pl of GSH solution) were added
to the plates to deplete the GSSG in the samples and
this mixture was incubated for 15 minutes. Ten micro-
liters of a cumene hydroperoxide solution were added
to the ure to start the GPx reaction. The GPx
activity was measured at a wavelength of 340 nm at 5
and 140 minutes. The NADPH levels wema]culated
based on a standard curve. The GPx activity was
expressed as mU /mg protein.

Estimation of the brain protein concentrations

The brain protein concentrations were determined
using a biuret method. One hundred milligrams of
the brain homoge were mixed with 0.4 ml of dis-
tilled water and centrifuged at 8000 rpm for 15
minutes. Forty microliters of the supernatant of this
mixture were pipetted into tubes and distilled water
was added until the volume o mixture reached
150 pl. The mixture was then mixed with 100 pl of
biuret reagent and incubated at the room tcmperaﬂe
for 30 minutes. The absorbance of this mixture was
measured at a wavelength of 540 nm using a micro-
plate reader (model 680 XR, Bio-Rad Laboratories).
The protein concentrations were calculated based on
a standard curve and expressed as mg/ml.

Statistical analyses

All data were tested using the Shapiro-Wilk and Levene
tests for the norma and homogeneity of the data,
respectively. When data were normally distributed
and homogenous, the data were analyzed using one-
way ANOVA, followed by the post hoc Tukey’s HSD
test. When the data were not normally disl@ed or
homogenous, they were analyzed using the Kruskal-
Wallis test, followed by the Mann-Whitney U test.
All dat re analyzed using SPSS software version
21, Thcﬁiﬁcance level was set at P < 0.05.

Results

Figures 1-6 present the data for the plasma MDA and
brain MDA and GSH levels, as well as the SOE:AT,
and GPx enzyme activities. The injection of a single
dose of 8 mg/kg bw of TMT in the T group signifi-
cantly increased the plasma (P =0.002) and brain
MDA (P = 0.002) levels and decreased the activities
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50
of the SOD (P-= 0.004), CAT (P =0.0001), and GPx
(P=0.002) enzymes and the level of GSH (P=
0.002) in the brain compared to the N group.

The administration of 100 mg/kg bw of the ethano-
lic turmeric extract to the TMT-injected rats (T-
TE100) significantly decreased the plasma MDA
levels, but not the brain MDA levels. However, this
dose of the ethanolic turmeric extract failed to
reverse the TMT-induced decrease in the activities of
the SOD (P =0.132), CAT (P =0.466). and GPx
(P=0.310) enzymes and GSH levels (£ = 0.602) in
the rats’ brains.

The administration of 200 mg/ kg bw of the ethanolic
turmeric extract to the TMT-injected rats (T-TE200)
significantly decreased the plasma (P =0.002) and
brain (P =0.002) MDA levels. The activities of the
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Figure 1. Comparison of the plasma MDA levels in the
normal (N}, control TMT (T), Citicoline (T-Cit), 100 mg/kg bw
of the ethanolic turmeric extract (T-TE100), 200 mg/kg bw of
the ethanolic turmeric extract (T-TE200), and 300 mg/kg bw
the ethanolic turmeric extract (T-TE300) groups of Sprague
Dawley rats exposed to TMT. The values are expressed as the
means + SEM of each group (n = 6). *P < 0.05, compared to
the T group; "P < 0.05, compared to the N group;
Kruskal-Wallis test, followed by the Mann-Whitney U test.

-

6

4

2

o T T T ¥ v
N T T<Cit T-TE100 T-TE200 T-TE300

Figure 2. Comparison of the brain MDA levels in the normal
(N), control TMT (T), Citicoline (T-Cit), 100 mg,/kg bw of the
ethanolic turmeric extract (T-TE100), 200 mg/kg bw of the
ethanolic turmeric extract (T-TE200), and 300 mg,/kg bw of
the ethanolic turmeric extract (T-TE300) groups of Sprague
Dawley rats exposed to TMT. The values are expressed as the
means + SEM of each group (n = 6). *P < 0,05, compared to
the T group; *P < 0.05, compared to the N group;
Kruskal-Wallis test, followed by the Mann-Whitney U test.
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Figure 3. Comparison of the brain SOD activity in the normal
(M), control TMT (T), Citicoline (T-Cit), 100 mg,/kg bw of the
ethanolic turmeric extract (T-TE100), 200 mg,/kg bw of the
ethanolic turmeric extract (T-TE200), and 300 mg/kg bw of
the ethanolic turmeric extract (T-TE300) groups of Sprague
Dawley rats exposed to TMT. The values are expressed as the
means + SEM of each group (n =6). *P < 0.05, compared to
the T group; *P <0.05, compared to the N group;
Kruskal-Wallis test, followed by the Mann-Whitney U test.

SOD, CAT, and GPx enzymes and @H levels in the
brain were significantly increased after the adminis-
tration 00 mg/kg bw of the ethanolic turmeric
extract (P = 0.015= 0.045; P=0.015; and P=
0.015, respectively) compared to the T group.

The administration of 300 mg/kg bw of the tur-
meric extract decreased the plasma MDA levels (P =
0.002), but not the brain MDA levels, in the TMT-
injected rats (T-TE300). This dose of the ethanolic
turmeric extract was not able to prevent the TMT-
induced decrease in the SOD, CAT, and GPx
enzyme activities and GSH levels compared to the T
group.

The administration of 200 mg/kg bw of citicoline to
the TMT-injected rats (T-Cit) decreased the plasma

]

Brain CAT activity
(muU/mg protein)

g
é
7

T TCit T-TE100 T-TE200 T-TE300
Figure 4. Comparison of the brain CAT activity in the normal
(M), control TMT (T), Citicoline (T-Cit), 100 mg/kg bw of the
ethanolic turmeric extract (T-TE100), 200 mg,/kg bw of the
ethanolic turmeric extract (T-TE200), and 300 mg/kg bw of
ethanolic turmeric extract (T-TE300) groups of Sprague
Dawley rats exposed to TMT. The values are expressed as the
means + SEM of each group (7 =6), *P < 0.05, coraared to
the T group; *P < 0.05, compared to the N group; one-wm
ANOVA test, followed by Tukey's HSD test. F5 3= 7.533; P <
0.05.
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Figure 5. Comparison of the brain GSH levels in the normal
(N), control TMT (T), Citicoline (T-Cit), 100 mg/kg bw of the
ethanolic turmeric extract (T-TE100), 200 mg/kg bw of the
ethanolic turmeric extract (T-TE200), and 300 mg/kg bw of
the ethanolic turmeric extract (T-TE300) groups of Sprague
Dawley rats exposed to TMT. The values are expressed as the
means + SEM of each group (n =6). *P < 0.05, oor@red to
the T group; #P < 0.05, compared to the N group; one-way
ANOVA, followed by Tukey's HSD test. Fs 5= 4.214; P < 0.05.

(P =10.002) and brain (P =0.002) MDA levels. The
current dose of citicoline also significantly increased
the activities of the SOD (P=0.002), CAT (P=
0.006), and GPx (P =0.002) enzymes in the rats’
brains compared to the T group. There was no signifi-
cant difference in the GSH levels between the T-Cit
and N groups (P = 0.070) or between the T-Cit and
T groups (P =0.117).'

Discussion

In the present study, we found that rats injected with a
single dose of TMT exhibited an increa@iin the plasma
and brain MDA levels and a decrease in the activities
of antioxidant enzymes (SOD, CAT, and GPx) and the
levels of a non-enzymatic antioxidant co-factor
(GSH). TMT is a potent neurotoxicant that can

700,00 4
600,00
500,00
4pg,00

300,00

Braln GPx actlvity
(mU/mg proteln)

200,00

100,00

N T

B

0,00 T
T-Tet T-TE100 T-TE200 T-TE300

Figure 6. Comparison of the GPx activity in the normal (N),
control TMT (T), Citicoline (T-Cit), 100 mg,/kg bw of the
ethanolic turmeric extract (T-TE100), 200 mg,/kg bw of the
ethanolic turmeric extract (T-TE200), and 300 mg/kg bw of
the ethanolic turmeric extract (T-TE300) groups of Sprague
Dawley rats exposed to TMT. The values are expressed as the
means + SEM of each group (n =6). *P < 0,05, compared to
the T group; #P < 0.05, compared to the N group;
Kruskal-Wallis test, followed by the Mann-Whitney U test.
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induce severe damage and neuronal death in both the
human and argfal limbic system, particularly in the
hippocampus. T is currently regarded as a useful
tool to obtain an animal model of neurodegeneration
associated with cognitive impairment, such as demen-
tia. However, the precise mechanisms of its effects are
entirely clear.!” In general, it is thought that the
toxicity of organotin compounds is related to the
number and length of the alkyl groups attached to the
tin atom. Its toxicity also depends on the compound’s
affinity for neurons.' Previous studies reported that
TMT-indu(q neuronal damage was mediated by
derivatives of ROS reactive nitrogen species. At
high concentrations, ROS, such as hydrogen peroxide
(H>0,), superoxide anion (O2e—), and hydroxyl
radical (HQs), can be important mediators of damage
to cell structures, including peroxidation of lipids, oxi-
dation of proteins, damage to nucleic acids, and
enzyme inhibition." In hippocampal cells, TMT
intoxication increased membrane lipid peroxidation,
ultimately leading to cell death. This impa@Jof oxi-
dative stress has been found to be implicated 1n a wide
range of neurological disorders including stroke,
trauma, and dementia.*

The 200 mg/kg bw dose of the ethanolic turmeric
extract has been shown to exert the highest efficacy
compared to both the lower and higher doses exam-
ined in the current study. The administration of tur-
meric extract prior and subsequent to TMT exposure
has been shown to prevent the brain of rats from oxi-
dative stress. TMT produces delayed toxicity where the
most dramatic reduction of pyramidal cell numbers of
TMT-treated rf€Ebecurs between 14 and 28 days after
TMT injection.! In this study, the preventive effect of
turmeric extract was evidenced by the decrease of the
plasma and brain MDA levels and by the increase of
the CAT, GPx, and SOD enzyme activities and GSH
levels in the TMT-injected rats. All parameters were
measured at the end of the experiment.

It is well known that curcumin, the major com-
pound of the ethanolic turmeric extract, is capable of
attenuatirm‘le production of ROS and neutralizing
harmful free radicals such as superoxide anions,
hydroxyl radicals, and nitric oxide.”> The phenolic
and the methoxy groups on the phenyl ring appear
to be important structural features for these
actions.”> Curcumin induces endogenous antioxidant
defense mechanisms by modulating nucleamictors
such as E2-related factor 2 (I‘\Ir[’Z),E‘1 activator
protein-1, and nuc]eam:lor kappa B (NFkB). This
in turn implicates the expression of a variety of genes
in response to oxidative s .23 Phosphorylation of
Nrf2 allows the Nrf2 to translocate to the nucleus
and bind to the antioxidant response element in the
regulatory region of the target genes and induces the
transcription of antioxidant enzymes.*

6 Nutritional Neuroscience 2018

Pre%i«:al studies have shown that orally delivered
curcumin has neuroprotective effects¥yand has been
found to reduce lipid peroxidation by maintaining
the activities of antioxidant enzymes such as CAT,
SOD, GPx, and GSH leyiiin rats exposed with neu-
rotoxic compounds.”**’ The ability of curcumin to
increase the GSH levels is due to its affinity to
induce the transcription of the mRNAs for the GSH
biosynthetic genes.m Clinical studies also demon-
strated that oral curcumin remarkably improved the
behavioral symptoms of patients with AD*' and ame-
liorated systemic oxidative stress on human with
chronic pulmonary complication.*?

The particular method of preparation of curcumin
Qy enhance the above-mentioned beneficial effects
of curcumin. Curcumin emulsified in CMC has a
potent anti-inflammatory effect.** Curcumin in its dis-
solved or emulsified form has been shown to be easily
absorbed in the gastrointestinal system of rats’*
Furthermore, curcumin administrated orally is con-
sidered to cross the blood-brain barrier as shown in
a multi-photon microscopy study on in vivo
Alzheimer’s model of mice.”® However, in the
present study, it remains uncertain whether the recon-
stituted turmeric actually crossed the blood-brain
barrier, since we used turmeric extract instead of cur-
cumin, and applied a different method of dissolution
from that of Cui et al and Garcia-Alloza et al’s
studies.*** Further investi n on the pharmacoki-
netics of turmeric extract is required to determine the
bioavailability of curcumin in both the brain and
plasma.

The present study did not observe a lincar dose—
response relationship between the effects of the etha-
nolic turmeric extract on TMT-induced oxidative
stress. The higher doses of the ethanolic turmeric
extract (300 mg/kg bw) did not correspond to
increased activity of the extract. This lbe due to
paradoxical effects of curcumin, which can act as an
antioxidant or pro-oxidant, depending on the concen-
tration and the cellular mronment.36 The pro-
oxidant activities appear to be mediated by the
generation of phenoxyl radical of curcumin by the per-
oxidase-H»05 system, which co-oxidizes cellular GSH
or NADH to form ROS.*” Curcumin-mediated apop-
tosis is closely related to the increase in the intracellu-
lar ROS levels. The exact dose of curcumin that can
cause the pro-oxidative effects remains to be
determined.

The antioxidant activities of the 200 mg/kg bw dose
of the turmeric extract seem to resemble those of citi-
coline in several parameters (plasma and brain MDA
levels; SOD, GPx, ancmAT enzyme activities).
Citicoline is commonly used as a neuroprotective
and memory enhancing agent.*® In this study, this
drug was shown to reduce the plasma and brain




MDA levels, a Il as to increase the levels of GSH
and the GPx, SOD, and CAT enzyme activities in
the brains of rats exposed to TMT. Another study
reported that citicoline stimulated the biosynthesis of
GSH, activated the GSH reductase enzyme, and pre-
vented lipid peroxidation.®

In summary, the ethanolic turmeri tract pre-
vented TMT-induced oxidative stress at a dose of
200 mg/kg bw by decreasing the plasma and brain
MDA levels and increasing the SOD, CAT, and GPx
enzyme activities as well as GSH levels in the brain.

ese effects seem to be similar to those of citicoline.
Further studies are required to investigate the potential
use of this extract as a substitute treatment for neuro-
degenerative disorders.

Acknowlegments

The authors would like to thank Yuli (Food and
Nutrition Department, Inter-University Center,
UGM, Indonesia) for assisting with the determination
of the MDA levels in plasma and brain, as well as
Safwan and Hanifa for providing technical assistance.

Disclaimer statements
Contributors None.

Funding The present study was a part of Sapto
Yuliani’s Doctoral thesis and partially supported by
the funding from the Directorate of Higher
Education, Ministry of Education and Culture,
Indonesia (grant 011 /HB-LIT /I11/2015).

Conflict of interest None.

Ethics approval None.

ORCID
Sapto  Yuliani
2370
Mustofa © http://orcid.org/0000-0002-0522-8413
Ginus Partadiredja © http://orcid.org/0000-0003-
0395-4240

http: //orcid.org/0000-0002-84 54-

References

Butterfield DA, Castegna A, Lauderback CM, Drake J.
Evidence that amyloid beta-peptide-induced lipid peroxidation
and its sequelae in Alzheimer’s disease brain contribute to neur-
onal death. Neurobiol Aging 2002;23:655-64.

Fang Y-Z, Yang 8, Wu G. Free radicals, antioxidants, and nutri-
tion. Nutrition 2002;18:872-9,

Kertmen H, Giirer B, Yilmaz ER, Kanat MA, Arikok AT,
Ergiider BI, et al. Antioxidant and antiapoptotic effects of dar-
bepoetin-a against traumatic brain injury in rats. Arch Med Sci
2015:11:1119-28.

4 Zhu X, Lee H, Casadesus G, Avila J, Drew K, Perry G, et al.
Oxidative imbalance in Alzheimer's disease. Mol Neurobiol
2005;31:205-17.

Milsberth C, Kostyszyn B, Luthman J. Changes in APP, PS1 and
other factors related to Alzheimer's disease pathophysiology
after trimethyltin-induced brain lesion in the rat. Neurotox Res
2002;:4:625-36.

Kassed CA, Butler TL, Navidomskis MT, Gordon MN, Morgan
D. Pennypacker KR. Mice expressing human mutant presenilin-

[

("]

wn

L=

-

=

o

=

)

=

28

Yuliani et al.

1 exhibit decreased activation of NF-kappaB p50 in hippocam-
pal neurons after injury. Brain Res Mol Brain Res 2003:110:
152-7.

Lim GP, Chu T, Yang F, Beech W, Frautschy SA, Cole GM. The
curry spice curcumin reduces oxidative damage and amyloid
pathology in an Alzheimer transgenic mouse. J Meurosci
2001;21:8370-7.

Ono K, Hasegawa K, MNaiki H, Yamada M. Curcumin has
potent anti-amyloidogenic effects for Alzheimer’s beta-amyloid
fibrils in vitro. J Neurosci Res 2004.75:742-50.

Yuliani S, Mustofa, Partadiredja G. Turmeric (Curcuma longa
L.) extract may prevent the deterioration of spatial memory
and the deficit of estimated total number of hippocampal pyra-
midal cells of trimethyltin-exposed rats. Drug Chem Toxicol
2017:1-10.

Yuliani S, Widyarini S, Mustofa, Partadiredja G. Turmeric
extract inhibits apoptosis of hippocampal neurons of trimethyl-
tin-exposed rats. Bratisl Lek Listy 2017;118:142-8.

Park H-J, Shim HS, Choi WK, Kim KS§, Shim I
Neuroprotective effect of Lucium chinense Fruit on trimethyl-
tin-induced learning and memory deficits in the rats. Exp
Neurobiol 2011;20:137-43.

Awasthi H, Tota S, Hanif K, Nath C, Shukla R. Protective
effect of curcumin against intracerebral streptozotocin induced
impairment in memory and cerebral blood flow. Life Sci
2010:86:87-94.

Palmer AM, Burns MA, Selective increase in lipid peroxidation
in the inferior temporal cortex in Alzheimer’s disease. Brain Res
1994;645:338-42.

Wuryastuti H. The influence of dietary protein and fats on
plasma lipids in Sprague-Dawley Rats. Indones Food Nutr
Prog 2000;7:37-41.

Colado MI, O'Shea E, Granados R, Murray TK, Green AR. In
vivo evidence for free radical involvement in the degeneration of
rat brain 5-HT following administration of MDMA (‘ecstasy’)
and p-chloroamphetamine but not the degeneration following
fenfluramine. Br J Pharmacol 1997:121:889-900.

Yuliani 8. The effect of curcumin standardized turmeric extract
on trimethyltin induced-dementia model of rat. Yogyakarta:
UGM; 2015,

Geloso MC, Corvino V, Michetti F. Trimethyltin-induced hippo-
campal degeneration as a tool to investigate neurodegenerative
processes. Neurochem Int 2011:58:729-38.

Dopp E, Hartmann LM, von Recklinghausen U, Florea AM,
Rabich S, Shokouhi B, et al. The cyto- and genotoxicity of orga-
notin compounds is dependent on the cellular uptake capability.
Toxicology 2007;232:226-34.

Poli G, Leonarduzzi G, Biasi F, Chiarpotto E. Oxidative stress
and cell signalling. Curr Med Chem 2004:11:1163-82.

Floyd RA. Antioxidants, oxidative stress, and degenerative
neurological disorders. Proc Soc Exp Biol Med 1999;222:236-45.
Robertson DG, Gray RH, Lalglesia FAD, Quantitative assess-
ment of trimethyltin induced pathology of the hippocampus.
Toxicol Pathol 1987;15:7-17.

Shehzad A, Lee ¥S. Molecular mechanisms of curcumin action:
signal transduction. BioFactors 2013;39:27-36.

Arajo CC, Leon LL. Biological activities of Cureuma longa L.
Mem Inst Oswaldo Cruz 2001;96:723-8.

Gonzilez-Reves S, Guzmin-Beltran 8, Medina-Campos ON,
Pedraza-Chaverri J. Curcumin pretreatment induces Nrf2 and
an antioxidant response and prevents hemin-induced toxicity in
primary cultures of cerebellar granule neurons of rats. Oxid
Med Cell Longev 2013:2013:801418.

Pinkus R, Weiner LM, Daniel V. Role of oxidants and antioxi-
dants in the induction of AP-1, NF-kB, and Glutathione S-trans-
ferase gene expression. J Biol Chem 1996:271:13422-9.

Das J, Ramani R, Suraju MO. Polyphenol compounds and PKC
signaling. Biochim Biophys Acta 2016;1860:2107 21,

Huang H-C, Zheng B-W, Guo Y, Zhao J, Zhao J-Y, Ma X-W,
et al. Antioxidative and neuroprotective effects of curcumin in
an Alzheimer’s disease rat model co-treated with intracerebro-
ventricular streptozotocin and subcutancous D-galactose, J
Alzheimers Dis 2016:52:899-911.

Motaghingjad M, Karimian M, Motaghingjad O, Shabab B,
Yazdani [, Fatima S. Protective effects of various dosage of
curcumin against morphine induced apoptosis and oxidative
stress in rat isolated hippocampus. Pharmacol Rep 2015:67:
230-5.

Sankar P, Telang AG. Kalaivanan R, Karunakaran V, Suresh §,
Kesavan M. Oral nanoparticulate curcumin combating arsenic-

Nutritional Neuroscience 2018

Trimethyltin, turmeric extract, and oxidative stress




Yuliani et al. Trimethyltin, turmeric extract, and oxidative stress

induced oxidative damage in kidney and brain of rats. Toxicol

Ind Health 2016;32:410-21.
30 Dickinson DA, Iles KE, Zhang H, Blank V, Forman HJ. Curcumin
alters EpRE and AP-1 binding complexes and elevates glutamate-
cysteine ligase gene expression. FASEB J 2003;17:473-5.
Hishikawa N, Takahashi Y, Amakusa Y, Tanno Y, Tuji Y, Niwa
H, et al. Effects of turmeric on Alzheimer’s disease with behav-
ioral and psychological symptoms of dementia. AYU Int Q J Res
Ayurveda 2012;33:499,
Panahi Y, Ghanei M, Hajhashemi A, Sahebkar A. Effects of cur-
cuminoids-piperine combination on systemic oxidative stress,
clinical symptoms and quality of life in subjects with chronic pul-
monary complications due to sulfur mustard: a randomized con-
trolled trial. J Diet Suppl 2016:13:93-105.
Ung VYL, Foshaug RR., MacFarlane SM, Churchill TA, Doyle
JSG, Sydora BC, et al. Oral administration of curcumin emulsi-
fied in carboxymethyl cellulose has a potent anti-inflammatory
effect in the IL-10 gene-deficient mouse model of 1BD. Dig
Dis Sci 2010;55:1272-7.

3

b
[

ok
[}

8 Nutritional Neuroscience 2018

34

35

36

k)

38

39

Cui J, Yu B, Zhao Y, Zhu W, Li H, Lou H, et al. Enhancement of
oral absorption of curcumin by self-microemulsifying drug deliv-
ery systems. Int J Pharm 2009:371:148-55.

Garcia-Alloza M, Borrelli LA, Rozkalne A, Hyman BT, Bacskai
BJ. Curcumin labels amyloid pathology i vive, disrupts existing
plaques, and partially restores distorted neurites in an Alzheimer
mouse model: curcumin reverses amyloid pathology in vive. ]
Neurochem 2007;102:1095-104,

Leon-Gonzilez AJ, Auger C, Schini-Kerth VB. Pro-oxidant
activity of polyphenols and its implication on cancer chemopreven-
tion and chemotherapy. Biochem Pharmacol 2015;98:371-380.
Galati G, Sabzevari O, Wilson JX, O'Brien PJ. Prooxidant
activity and cellular effects of the phenoxyl radicals of dietary fla-
vonoids and other polyphenolics. Toxicology 2002;177:91-104.
Rao AM, Hatcher JF, Dempsey RJ. Lipid alterations in transient
forebrain ischemia: possible new mechanisms of CDP-choline
neuroprotection. J Neurochem 2000;75:2528-35.

Adibhatla RM, Hatcher JF. Citicoline mechanisms and clinical
efficacy in cerebral ischemia. J Neurosci Res 2002;70:133-9,




The neuroprotective effects of an ethanolic turmeric (Curcuma
longa L.) extract against trimethyltin-induced oxidative stress in

rats

ORIGINALITY REPORT

154

SIMILARITY INDEX

PRIMARY SOURCES

Areum Daseul Kim. "Jeju Ground Water Containing 34 words — 1 %
Vanadium Enhances Antioxidant Systems in Human
Liver Cells", Biological Trace Element Research, 12/02/2011

Crossref

. L 40
I\r/]\t/'\e/vm\é\{.chlnab|OV|S|on.c:om 28 words — /0
n . n H o 0
Cigifers - Posters", Glia, 2013. 23 words — < A)

Sandeep More, Hemant Kumar, Duk-Yeon Cho, 54,/ o4 < 1 %
Yo-Sep Yun, Dong-Kug Choi. "Toxin-Induced

Experimental Models of Learning and Memory Impairment”,

International Journal of Molecular Sciences, 2016

Crossref

www.jtcm.org 21 words — < 1 %

Internet

Fang Zhang. "A novel solubility-enhanced < o
curcumin formulation showing stability and 20 words 1 A)
maintenance of anticancer activity", Journal of

Pharmaceutical Sciences, 07/2011

Crossref

Ishola, Ismail Ogunbayode, Olufunmilayo Olaide 419 \\ords — < 1 %
Adeyemi, Esther Oluwatoyin Agbaje,

Santoshkumar Tota, and Rakesh Shukla. "Combretum

mucronatum and Capparis thonningii prevent scopolamine-



—_
N

RN RN RN
(&) o w

induced memory deficit in mice", Pharmaceutical Biology, 2013.

Crossref

tandfonline.com 19 words — <

Internet

Liu, J. Zhang, Z. Zhang, L. Liu, X. Yang, D. Ma, X.. 18 words — <
"Variations of estradiol-17[beta] and testosterone

levels correlated with gametogenesis in the gonad ", Canadian
Journal of Zoology, March 2014 Issue

Publications

Vmeeta_ T_anwar. Dose-depgndent actions of. 18 words — <
curcumin in experimentally induced myocardial

necrosis: a biochemical, histopathological, and electron
microscopic evidence", Cell Biochemistry and Function, 01/2010

Crossref

Rakhee Das. "Reactive oxygen species and 17 words — <
imbalance of calcium homeostasis contributes to

curcumin induced programmed cell death in Leishmania
donovani", APOPTOSIS, 07/2008

Crossref

arizona.openrepository.com

Internet

17 words — <
IInpt)e|;Sa[egonstate.edu 15 words — <<
tulliogiraldi.it 15 words — <<

Internet

Murugesa_n, Palanlappan,.Thlrupathl Muthusamy, 15 words — <
Karundevi Balasubramanian, and Jagadeesan

Arunakaran. "Studies on the protective role of vitamin C and E
against polychlorinated biphenyl (Aroclor 1254)—induced
oxidative damage in Leydig cells", Free Radical Research, 2005.

Crossref

www.ijarnp.org

\

\

\

\

\

\

%
%

%
%
%
%



N N N N
(@) ~ w N

Internet

14 words — < 1

%

: : o
Indu Kaur, Parneet "Deo_l, Kanthi Kondepudi, - 13 words — < 1 A)
Mahendra Bishnoi. "Anticancer Potential of Ginger:

Mechanistic and Pharmaceutical Aspects", Current

Pharmaceutical Design, 2016

Crossref

. o)
otago.ourarchive.ac.nz 13 words — < 1 A)

Internet

Dopp, E.. "The cyto- and genotoxicity of organotin 13 words — < 1 %
compounds is dependent on the cellular uptake
capability”, Toxicology, 20070411

Crossref

Karamenderes, Canan, Shabana Khan, Babu L. < 1 %
Tekwani, Melissa R. Jacob, and lkhlas A. Khan. 13 words —
"Antiprotozoal and Antimicrobial Activities of

Centaurea. Species Growing in Turkey", Pharmaceutical Biology,

2006.

Crossref

. " : o
Triasih, R., and S. Gr_ah.am. I_:’revalence ar?d risk 13 words — < 1 A)
factors of tuberculosis infection among child

contacts of pulmonary tuberculosis cases", Paediatric Respiratory
Reviews, 2012.

Crossref

o 40
X]\t/:vm\é\{.hoajonlme.com 12 words — < A)
o (0]
_ o/
Ilgsrr:eatzawa u.repo.nii.ac.jp 11 words — < /o
(0]
4
ﬁtgr?ectonsearch.umn.edu 11 words — < /0
translational-medicine.biomedcentral.com < “ O/
: : 11 words — 0

Internet



N \)
(0] ~

w w W N
N - (@) ©

bioinfopublication.org 11 words — < 1 %

Internet

WWW.eneuro.org 11 words — < 1 %

Internet

N : o
Suresh, Sarasija, Vivek R. Yadav, and Anand 10 words — < 1 /0
Suresh. "Health Benefits and Therapeutic

Applications of Curcumin®, Clinical Research and Regulatory

Affairs, 2006.

Crossref

. _ 0
repository.usu.ac.id 4
mte'?net Y 10 words — < /0
6jgc.com.www.mobile jci.org < %
Internet 10 words —

N . 40
iiumedic.net 10 words — < /0

Internet

Shahnawaz Ali Bhat, Ruby .GO"e|, Shubha Shukla, 14\ 0rds — < 1 %
Rakesh Shukla, Kashif Hanif. "Angiotensin

Receptor Blockade by Inhibiting Glial Activation Promotes

Hippocampal Neurogenesis Via Activation of Wnt/B-Catenin

Signaling in Hypertension", Molecular Neurobiology, 2017

Crossref

Soo Jung Choi. "<i>Punica granatum</i> Protects ¢,/ 4o < 1 %
Against Oxidative Stress in PC12 Cells and

Oxidative Stress-Induced Alzheimer's Symptoms in Mice",

Journal of Medicinal Food, 06/2011

Crossref

www jbiopharm.com 9 words — < %

Internet

www.wjem.org 9 words — < %

Internet

www.e-sciencecentral.org



I N N N w w w
w N - o © oo ~

44

Internet

hrcak.srce.hr

Internet

preview-celldiv.biomedcentral.com

Internet

www.mysciencework.com

Internet

www.chem.uky.edu

Internet

www.mangosteenguide.com

Internet

www.dtic.mil

Internet

Rosaliana Libro, Sabrina Giacoppo, Thangavelu
Soundara Rajan, Placido Bramanti, Emanuela

9 words — < 1

9 words — <
9 words — <
9 words — <
9 words — <
9 words — <
8 words — <
8 words — <

Mazzon. "Natural Phytochemicals in the Treatment and
Prevention of Dementia: An Overview", Molecules, 2016

Crossref

\

\

%
%
%

1%

\

\

\

\

%
%
%
%

: , : y 0
Takasaki, Kotaro, Kanako Uchida, Risako Fujikawa, 8 words — < 1 A)

Ai Nogami, Kazuya Nakamura, Chihiro Kawasaki,

Kazuko Yamaguchi, Masahiko Morita, Koji Morishita, Kaori
Kubota, Shutaro Katsurabayashi, Kenichi Mishima, Michihiro
Fujiwara, and Katsunori Iwasaki. "Neuroprotective Effects of
Citidine-5-diphosphocholine on Impaired Spatial Memory in a Rat
Model of Cerebrovascular Dementia", Journal of Pharmacological

Sciences, 2011.

Crossref

mccormickscienceinstitute.com

Internet

o
8 words — < 1 A)



0 N N N N
o © o) ~ o

H B
—

52

nutraceuticals.imedpub.com o)
Internet P 8 WordS — < 1 /0
T 0

bioclinicnaturals.com

Internet 8 WordS - < 1 /0
www.wellnesstrader.com < / %
Internet 8 WordS -_—
www.sierrajournals.com 8 words — < 1 %

Internet

Faezi, Masoumeh, and Mohammad Reza Bigdeli. < 7 %
Prolonged and Intermittent Bilateral Common

Carotid Artery Occlusion Induces Brain Lipidome Changes in a

Rat Stroke Model", Thrita, 2016.

Crossref

0
www.atsdr.cdc.gov 8 words — < 1 Yo

Internet

o
Uludag, Orhan, Bahar Tunctan, Orhan Uludag, 8 words — < 1 A)
Bahar Tunctan, Sedat Altug, Hakan Zengil, and
Nurettin Abacioglu. "Twenty-Four-Hour Variation of L-
Arginine/Nitric Oxide/Cyclic Guanosine Monophosphate Pathway
Demonstrated by the Mouse Visceral Pain Model", Chronobiology
International, 2007.

Crossref

Terwel, D.. "Affected enzyme activities in )
Alzheimer's disease are sensitive to antemortem 8 words — < 1 A)
hypoxia", Journal of the Neurological Sciences,

19981126

Crossref

Kang, J. H., H. S. Kang, |. K. Kim, H. Y. Lee, J. H. Ha,8 words — < 1 %
C.D. Yeo, H. H. Kang, H. S. Moon, and S. H. Lee.

"Curcumin sensitizes human lung cancer cells to apoptosis and
metastasis synergistically combined with carboplatin”,

Experimental Biology and Medicine, 2015.

Crossref



. . . . . " . 0
Nen_cml, C Glorgl,_G. Mlchell, L.._ Protectllve effect 8 words — < 1 /0
of silymarin on oxidative stress in rat brain.(Drug
overview)", Phytomedicine: International Journal of , Feb 2007
Issue

Publications

Kandilci, H. Burak, Bulent Gumusel, Eda Topaloglu, 8 words — < 1 %
Gulberk Ucar, Petek Korkusuz, Yesim Ugur, Esin

Asan, and Abdullah T. Demiryurek. "EFFECTS OF ISCHEMIC
PRECONDITIONING ON RAT LUNG: ROLE OF NITRIC OXIDE",
Experimental Lung Research, 2006.

Crossref

Zijian Xla'o, Alyvu Zhang, J.lanw.en I._|n., Zhenyang 8 words — < 1 %
Zheng, Xiaolei Shi, Wei Di, Weiwei Qi, Yingting Zhu,

Guijuan Zhou, Yannan Fang. "Telomerase: A Target for

Therapeutic Effects of Curcumin and a Curcumin Derivative in

AB1-42 Insult In Vitro", PLoS ONE, 2014

Crossref

Li, Yujuan, Yuan Tian, Lin Gan, Yongzhi Li, Bo

Chen, and Jinyuan Qiao. "Determination of 0/
diosbulbin B in rat plasma and urine by LC-MS/MS 8 words — <17
and its application in pharmacokinetic and urinary

excretion studies", Journal of Pharmaceutical and Biomedical

Analysis, 2013.

Crossref

www.molvis.org 8 words — < %

Internet

Fabjan, Evelin, Etje Hulzebos, W. Mennes, and A. H.8 words — < 7 %
Piersma. "A Category Approach for Reproductive
Effects of Phthalates", Critical Reviews in Toxicology, 2006.

Crossref

. H [1] H 0
Aminu Mohammed, Md. _Shahldul Islam. "Spice- 8 words — < 1 A)
Derived Bioactive Ingredients: Potential Agents or
Food Adjuvant in the Management of Diabetes Mellitus",

Frontiers in Pharmacology, 2018

Crossref



. . . . 0
L\/Iohammad Mohajeri, Am|rho.sse|n.Sahebkar. 7 words — < 1 /0
Protective effects of curcumin against doxorubicin-
induced toxicity and resistance: A review", Critical
Reviews in Oncology/Hematology, 2018

Crossref

" 1 H 1 . 0
Molecu_lar"me'chanlsms of curcumin action: Gene 5\ 4o < 1 /0
expression”, BioFactors, 2013.

Crossref

David Jourd'heull. OX|d§nt§, Transcription Factors, -, 4o < 1 /0
and Intestinal Inflammation”, Journal of Clinical
Gastroenterology, 1997

Crossref

Nagah E. Edrees, Azza AA Galal, Aliaa R. Abdel 6 words — < 1 %
Monaem, Rasha R. Beheiry, Mohamed M.M.

Metwally. "Curcumin alleviates colistin-induced nephrotoxicity

and neurotoxicity in rats via attenuation of oxidative stress,

inflammation and apoptosis", Chemico-Biological Interactions,

2018

Crossref

] H 0
E.M. Elhasse_m, M.S. Abubak_er, l. Adam. Sublingual 6 words — < 1 A)
compared with oral and vaginal misoprostol for
termination of pregnancy with second-trimester fetal demise”,
International Journal of Gynecology & Obstetrics, 2008

Crossref

: : o
?unjan Saxena, Ishan K. Patro, Chandishwar Nath. o o < 1 /0
ICV STZ induced impairment in memory and

neuronal mitochondrial function: A protective role of nicotinic

receptor”, Behavioural Brain Research, 2011

Crossref

: : : o
Jingwen Shi, Har.me.l L. Karlsson, Kata'fln.a 6 words — < 1 /0
Johansson, Vladimir Gogvadze et al. "Microsomal

Glutathione Transferase 1 Protects Against Toxicity Induced by

Silica Nanoparticles but Not by Zinc Oxide Nanoparticles", ACS

Nano, 2012

Crossref



Marcia Carvalho. "Toxicity of amphetamines: an < 1o
update”, Archives of Toxicology, 03/06/2012 6 words 1 /0

Crossref

ON OFF
ON



	The neuroprotective effects of an ethanolic turmeric (Curcuma longa L.) extract against trimethyltin-induced oxidative stress in rats
	By SAPTO YULIANI

	The neuroprotective effects of an ethanolic turmeric (Curcuma longa L.) extract against trimethyltin-induced oxidative stress in rats
	ORIGINALITY REPORT
	PRIMARY SOURCES


