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Abstract: Objective: The aim of this study was to examine the protective effects of curcumin on proliferation of hu-
man renal tubular epithelial HK-2 cells treated with glucose and to preliminarily explore its mechanisms. Methods:
HK-2 cells were cultured in vitro and divided into three groups: negative control, glucose (40 mmol/L), and curcumin
pretreatment (50 umol/L) plus glucose. The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay was
used to determine effects of glucose, with and without curcumin, on proliferation of HK-2 cells. Intracellular reac-
tive oxygen species (ROS), malondialdehyde (MDA), glutathione (GSH) levels, and total superoxide dismutase (SOD)
activity were examined. The mRNA expression levels of Nrf2 were determined by real-time quantitative polymerase
chain reaction. Results: Glucose treatment inhibited growth of HK-2 cells, increased intracellular ROS and MDA
levels, and decreased GSH levels and SOD activity. Relative expression levels of Nrf2 mRNA in cells pretreated with
curcumin, were significantly increased compared to cells treated with glucose alone. This suggests that curcumin
pretreatment could significantly enhance expression of Nrf2. Conclusion: Curcumin alleviates cytotoxicity, improves
cell viability, reduces intracellular ROS levels, decreases intracellular lipid peroxidation, and enhances the content

and activity of intracellular antioxidants in HK-2 cells cultured in a high glucose medium.
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Introduction

Diabetic nephropathy (DN), one of the most
commonly occurring chronic microvascular re-
nal complications in patients with type 1 and
type 2 diabetes mellitus, is frequently seen in
clinical practice [1]. There are over 350 million
diabetic patients in the world. This number is
expected to reach 600 million by 2035 [2]. In
developed countries, type 2 diabetes mellitus
accounts for 80-90% of all diabetes cases,
whereas the proportion in developing countries
may be higher. In addition, 20% of type 2 dia-
betes mellitus patients face the risk of DN [3].
The pathogenesis of DN is complex. However,
an increasing number of studies have shown
that oxidative stress injury may be an impor-
tant contributor to the pathogenesis of DN.
Increased lipid peroxide levels and decreas-
ed antioxidant enzyme activities have been

observed in DN patients in clinical practice [5].
Therefore, inhibiting or reducing levels of reac-
tive oxygen species (ROS) in patients is impor-
tant for DN treatment.

Nuclear factor (erythroid-derived 2)-like 2 (Nrf2)
is one of the most important oxidative stress
pathways found, to date [4]. Nrf2 activates
phase Il reaction enzymes and antioxidant
genes to protect cell and tissue function, play-
ing a protective role in a variety of diseases
related to oxidative stress [5]. Curcumin is a
plant polyphenol extracted from Curcuma spe-
cies [6]. Contemporary studies have suggest-
ed that curcumin has antioxidant, anti-inflam-
matory, anti-fibrotic, and anti-cancer properties
[7]. Some studies have shown that curcumin
can reduce levels of triglycerides and phospho-
lipids, accelerate the dissolution of fibrin, and
inhibit lipid peroxidation [8]. However, its spe-
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cific mechanism of action remains unknown.
Therefore, this study explored its inhibitory and
protective effects by treating human renal
epithelial HK-2 cells with curcumin prior to cul-
turing in high glucose medium.

Materials and methods
Cells

HK-2 cells were purchased from Biological
Research Institute, Chinese Academy of Sci-
ences (Beijing, China).

Main reagents and instruments

Glucose was purchased from Yihui Biological
Technology (Shanghai, China). Dimethyl sulfox-
ide, trypsin, and Dulbecco’s modified Eagle’'s
medium (low carbohydrate) were purchased
from Sigma-Aldrich (St. Louis, MO, USA).
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT) cell proliferation, RNA
extract TRIzol, and quantitative real-time poly-
merase chain reaction (QRT-PCR) kits were pur-
chased from Invitrogen (Carlsbad, CA, USA).
Reverse-transcription and TagMan miRNA kits
were purchased from Applied Biosystems (Fo-
ster City, CA, USA). ROS and malondialdehyde
(MDA) kits were purchased from Shanghai
Beinuo Biological Technology (Shanghai, China).
Glutathione (GSH) and superoxide dismutase
(SOD) kits were purchased from Beyotime Bio-
technology Research Institute (Haimen, China).
ABI 7900 PCR instrument was purchased from
Applied Biosystems.

Cell culture

HK-2 cells were cultured in Dulbecco’s Modified
Eagle’s medium, containing 10% fetal bovine
serum and 100 g/L penicillin-streptomycin,
and incubated at 37°C under 5% CO,. Cells
were passaged when they reached 90% con-
fluence. Cells were divided into three groups
including a negative control group where no
treatment was given, glucose group in which
cells were cultured with 40 mmol/L glucose,
and curcumin pretreatment group in which
cells were treated with curcumin (50 pmol/L)
2 hours prior to addition of 40 mmol/L glucose
to the culture medium.

Detection of cell proliferation by MTT assay

Cells were collected in the exponential growth
phase, re-suspended, adjusted to 5 x 10° cells,
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transferred to 96-well plates, and cultivated
as previously described. After 24 hours, the
medium was replaced with serum-free medium
and cultivation was continued for an additional
24 hours. Cell proliferation was then deter-
mined by MTT assay, with absorbance measur-
ing at 570 nm using a microplate reader. The
experiment was repeated three times.

ROS assay

When adherent growth of cells was observed,
cells in the logarithmic growth phase were col-
lected, re-suspended, adjusted to 2 x 10%, and
inoculated in 6-well plates. Subsequently, the
cells were cultured as described above. ROS
assay was carried out, in accordance with man-
ufacturer instructions, adjusting the probe
concentration to 1:500. Cells were then incu-
bated under 5% CO, at 37°C for 40 minutes.
Trypsin was applied for digestion and medium
was added to stop the digestion. Cells were
collected by centrifugation and supernatant
was discarded. Finally, the cells were resus-
pended in phosphate-buffered saline and
analyzed. The experiment was performed in
triplicate.

MDA assay

Cells in the logarithmic growth phase were
collected, resuspended, adjusted to 2 x 10°
cells, and inoculated onto 6-well plates. Su-
bsequently, the cells were cultured as describ-
ed above. After 24 hours of cultivation, the
medium was replaced with serum-free me-
dium and cells were cultured for 24 hours, and
then lysed. The lysate was centrifuged, super-
natant collected, and protein concentration
determined using a bicinchoninic acid assay
kit. Finally, manufacturer instructions for the
MDA kit were followed in performing the assay.
The experiment was performed in triplicate.

GSH and SOD assays

Cells were collected during the logarithmic
growth period, resuspended, adjusted to 2 x
10°% cells, and plated in 6-well plates. Cells
were cultured as described above. After 24
hours of cultivation, the medium was replaced
with serum-free medium and cells were incu-
bated for an additional 24 hours. Trypsin was
used for digestion. Following centrifugation,
supernatant was discarded. Cells were resus-
pended in saline, disrupted by sonication, and
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Table 1. Primer sequences

Primer sequences are shown in

Gene Upstream primers

Downstream primers

Table 1.

Nrf2  5-CACATTCCCAAACAAGATGC-3' 5'-TCTTTTTCCAGCGAGGAGAT-3’

Statistical analysis

B-actin 5-CTCCATCCTGGCCTCGCTGT-3’ 5-GCTGTCACCTTCACCGTTCC-3’

150 *

100 4

(44
o
1

Cell activity (%)

Figure 1. Proliferative capacity of HK-2 cells. The
proliferative capacity of HK-2 cells was detected by
using the MTT assay. Data are presented as mean *
SD from three independent experiments. *P < 0.05,
**P < 0.01.

re-centrifuged. GSH was detected in the su-
pernatant, according to manufacturer instruc-
tions, using a microplate reader. Activity of
SOD was evaluated in the same samples fol-
lowing manufacturer instructions. The experi-
ment was performed in triplicate.

Detection of Nrf2 mRNA expression in cells by
gRT-PCR

Cells were dissociated using TRIzol Reagent
for 30 minutes, then shaken. Purity and con-
centration of total extracted RNA were dete-
cted using ultraviolet spectrophotometry. The
AQGO/280 ratio was between 1.8 and 2.1. DNA
synthesis was carried out in strict accordance
with instructions for use of the cDNA kit. The
reaction consisted of 2 pyL of DNA template,
0.5 mol/L primer, 2.0 yL 2 x dNTP, 2.5 pL buf-
fer solution, 1.5 mol/L MgCl,, and 1.0 interna-
tional units of TagDNA polymerase. The volu-
me was adjusted to 20 pyL with nuclease-free
water. PCR reaction conditions were as fo-
llows: 95°C pre-denaturation for 3 minutes,
followed by 40 cycles of 95°C for 30 seconds,
60°C for 30 seconds, and 72°C for 30 sec-
onds. B-Actin was used as the reference gene.
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Data collected in this study

were analyzed using SPSS 20.0
software package (IBM, Chicago, IL, USA). Data
are expressed as mean + standard devia-
tion. Comparisons among multiple groups were
carried out using one-way analysis of variance
and least significant difference methods. P <
0.05 indicated a statistically significant differ-
ence.

Results

Effects of curcumin on the proliferative capac-
ity of HK-2 cells

As shown in Figure 1, proliferative capacity of
cells cultured, in the presence of 40 mmol/L
glucose, was significantly inhibited compar-
ed to the negative control group (P < 0.05).
Proliferative capacity of cells treated with cur-
cumin, before adding glucose, increased sig-
nificantly compared to cells in the glucose
alone treatment group (P < 0.05). Cell prolifera-
tion in the curcumin pretreatment group was
not significantly different from the negative
control group (P > 0.05).

Effects of curcumin on ROS levels

ROS levels of cells in the glucose alone
group were significantly increased compared
to cells in the negative control group (P <
0.05). ROS levels of cells in the curcumin pre-
treatment group were significantly decreas-
ed compared to those in the glucose alone
group (P < 0.05). ROS levels in the curcu-
min pretreatment group were not different
from the negative control group (P > 0.05)
(Figure 2).

Effects of curcumin on MDA levels

MDA levels in cells of the glucose alone group
were significantly increased compared to cells
in the negative control group (P < 0.05). MDA
levels in the curcumin pretreatment group were
significantly decreased compared to cells in
the group treated with glucose alone (P <
0.05). MDA levels in the curcumin pre-treat-
ment group were not different from the nega-
tive control group (P > 0.05) (Figure 3).
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ROS Relative expression level

Figure 2. Reactive oxygen species (ROS) levels in
HK-2 cells. ROS levels in negative control, glucose
40 mmol/L, and curcumin 50 ymol/L + glucose 40
mmol/L treated HK-2 cells were determined. ROS
levels are significantly different among the three
groups (F = 77.742, P = 0.001). Data are presented
as mean + SD from three independent experiments.
*P < 0.05, **P < 0.01.
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Figure 3. Malondialdehyde (MDA) levels in HK-2 cells.
MDA levels in negative control, glucose 40 mmol/L,
and curcumin 50 pmol/L + glucose 40 mmol/L
treated HK-2 cells were determined. MDA levels are
significantly different among the three treatment
groups (F = 106.273, P =0.001). Data are presented
as mean + SD from three independent experiments.
*P < 0.05, **P < 0.01.

Effects of curcumin on GSH levels and SOD
activity

GSH levels in cells of the glucose alone group
were significantly decreased compared to cells
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in the negative control group (P < 0.05),
whereas GSH levels in cells of the curcumin
pretreatment group were significantly increased
compared to the glucose alone group (P <
0.05). GSH levels in the curcumin pretreatment
group showed no significant differences com-
pared to the negative control group (P > 0.05).

SOD activity in cells of the glucose alone group
were significantly decreased compared to cells
in the negative control group (P < 0.05), where-
as SOD activity in cells of the curcumin pre-
treatment group were significantly increased
compared with the glucose alone group (P <
0.05). SOD activity in the curcumin pretreat-
ment group was not significantly different from
the negative control group (P > 0.05) (Figure
4A, 4B).

Effects of curcumin on expression of Nrf2
MRNA

Using gRT-PCR, relative expression of Nrf2
mMRNA in the glucose alone group was signifi-
cantly increased compared to the negative
control group (P < 0.05), whereas relative
expression in cells of the curcumin pretreat-
ment group was significantly increased com-
pared to the glucose alone treatment group (P
< 0.01). Relative expression of Nrf2 mRNA in
the curcumin pretreatment group was signifi-
cantly increased compared to the negative
control group (P < 0.05) (Table 2).

Discussion

DN is a common clinical disorder in China,
affecting a large number of patients [9]. At
present, the occurrence and development of
DN, in its initial stage, are relatively unclear and
hard to identify due to lack of obvious symp-
toms. As a result, many patients miss the opti-
mal treatment time because the disease has
progressed to an advanced stage by the time
it is diagnosed clinically [10, 11]. Advanced DN
is extremely complicated. Treatment becomes
much more difficult as the disease progres-
ses because kidney damage is irreversible.
Therefore, timely discovery and earlier treat-
ment, with a suitable therapy, is particularly
important for DN patients. Currently, Western
medicine does not have a specific treatment
scheme for DN. However, traditional Chinese
medicine (TCM) has made advancements in
DN treatment based on principles of TCM dif-
ferentiation of symptoms and signs [12].
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Figure 4. Glutathione (GSH) levels and superoxide dismutase (SOD) activity in HK-2 cells. Negative control, glucose
40 mmol/L, and curcumin 50 pymol/L + glucose 40 mmol/L treated HK-2 cells were examined. A. GSH levels are
significantly different among the three treatment groups (F = 13.046, P = 0.006). B. SOD activity is significantly
different among the three treatment groups (F = 12.486, P = 0.007). Data are presented as mean + SD from three

independent experiments. *P < 0.05, **P < 0.01.

Table 2. Relative expression of Nrf2 mRNA

This indicates that curcum-

in can suppress glucose

Nrf2 mRNA

Group expression level P toxicity in HK-2 cells.

Negative control 0.15+0.08 19.328 0.002 A natural byoroduct of o
X_

Glucose 40 mmol/L 0.49 +0.18" ural byprodu

Curcumin 50 ymol/L + glucose 40 mmol/L 1.25 + 0.33""

ygen metabolism, ROS pl-

*Significant difference compared with the control group (P < 0.05); **Significant differ-

ence compared with the glucose alone group (P < 0.05).

Curcumin, a plant polyphenol extracted from
turmeric, is nontoxic and applicable as a natu-
ral pigment [13]. Turmeric has been used in the
clinical practice of TCM for a very long time.
Importantly, studies [14] have shown that cur-
cumin is able to inhibit proliferation of tumor
and T-cells, as well as vascular smooth muscle
cells, and decrease secretion of various inflam-
matory factors produced by fibroblasts and
macrophages. Other studies have indicated
that curcumin is effective in inhibiting oxygen
free radicals, reducing fibronectin, and enha-
ncing activity of GSH and related enzymes in
kidneys, resulting in the protection of this organ
[15].

In this current study, it was found that glucose
was toxic to HK-2 cells at a concentration of
40 mmol/L. When HK-2 cells grown in the
presence of glucose were pretreated with cur-
cumin, cell proliferation improved significantly
compared to cells exposed to glucose alone.
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ays important roles for tra-
nsferring cell signals and
maintaining balance in the
human body. ROS levels
can increase significantly under environment
stress, possibly damaging cell structure [16].
MDA, a product of lipid peroxidation ori-
ginating from polyunsaturated fatty acids, is
used as a marker for oxidative stress in the
organism [17]. GSH is an important factor in
maintaining normal immune function of the
human body and plays a role as an antioxi-
dant and free radical scavenger to maintain
stability of the internal environment [18]. SOD
catalyzes the formation of oxygen and hydro-
gen peroxide from superoxide and is an impor-
tant antioxidant enzyme [19].

It was found that ROS and MDA levels were sig-
nificantly increased in HK-2 cells, cultured in
the presence of high glucose. In addition, GSH
levels and SOD activity in cells, cultured in
the presence of glucose, were reduced, there-
by impairing endogenous antioxidant activity.
Therefore, this study concluded that HK-2
cells cultured in the presence of glucose

Int J Clin Exp Med 2018;11(12):13422-13428
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have undergone oxidative stress. Furthermore,
it was speculated that SOD and GSH were
reduced because of increased consumption
caused by increased levels of ROS. Together,
these effects will induce an imbalance in
regulation of the cellular antioxidant capacity,
an increase in cell lipid peroxidation, and
decrease in cell proliferation.

Nrf2 is an important signaling pathway involved
in cellular antioxidant and inflammatory reac-
tions, playing vital roles in combatting oxidant
stress [20]. Recent studies [21, 22] have shown
that there are more than 200 endogenous
genes affected by Nrf2 signaling pathways and
these genes play significant protective roles
due to their anti-tumor, anti-inflammatory, and
anti-apoptotic properties. This pathway is ben-
eficial for catalyzing the elimination of free
radicals and in maintaining redox balance of
the organism [23, 24].

In this current study, expression of Nrf2 mRNA
in HK-2 cells was evaluated. It was found that
pretreatment with curcumin maintained mRNA
levels significantly higher than cells in both the
negative control and glucose alone groups.
Accordingly, it was speculated that Nrf2 path-
ways of HK-2 cells were activated by curcumin
treatment. In addition, this study determined
that GSH level in cells of the curcumin pretreat-
ment group were higher than the glucose alone
group and that SOD activity was increased
similarly. These results suggest that, after acti-
vation of Nrf2 pathways, GSH, SOD, and other
endogenous antioxidants are gradually enha-
nced to maintain intracellular redox balance
and effectively inhibit glucose-induced oxida-
tive stress.

There are some limitations to this study. First,
results from a cell line may not reflect what
happens in clinical practice. Thus, whether the
observed effects of curcumin occur in diabe-
tic patients still requires assessment. Second,
indicators of glucose and curcumin effects
were measured at only a single time point and
only the key gene in Nrf2 pathways was exam-
ined. Thus, future studies are necessary in
which samples are collected from patients
and several time points are examined, along
with determination of additional indicators.
This information will help to verify the validity
and feasibility of treating DN patients with
curcumin.
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In conclusion, in HK-2 cells exposed to high glu-
cose, curcumin can reduce cytotoxicity, intra-
cellular ROS, and intracellular lipid peroxida-
tion. Curcumin can also increase cell viability
and the content and activities of intracellular
enzymatic and non-enzymatic antioxidants.
This suggests that curcumin may be a useful
agent in the treatment of DN.

Disclosure of conflict of interest
None.

Address correspondence to: Yun Liu, Endocrinolo-
gy, School of Clinical Medicine, Xiangnan University,
No. 25 Renmin West Road, Beihu District, Chenzhou
423000, Hunan, China. Tel: +86-13973532202;
E-mail: yunl2202@163.com

References

[1] Haneda M, Utsunomiya K, Koya D, Babazono T,
Moriya T, Makino H, Kimura K, Suzuki Y, Wada
T, Ogawa S, Inaba M, Kanno Y, Shigematsu T,
Masakane |, Tsuchiya K, Honda K, Ichikawa K,
Shide K; Joint Committee on Diabetic Nephrop-
athy. A new classification of diabetic nephro-
pathy 2014: a report from Joint Committee
on Diabetic Nephropathy. J Diabetes Investig
2015; 6: 242-246.

[2] Cardenas-Gonzalez M, Srivastava A, Pavkovic
M, Bijol V, Rennke HG, Stillman IE, Zhang X,
Parikh S, Rovin BH, Afkarian M, de Boer IH,
Himmelfarb J, Waikar SS, Vaidya VS. Identifica-
tion, confirmation, and replication of novel uri-
nary MicroRNA biomarkers in lupus nephritis
and diabetic nephropathy. Clin Chem 2017;
63: 1515-1526.

[3] Galsgaard J, Persson F, Hansen TW, Jorsal A,
Tarnow L, Parving HH, Rossing P. Plasma high-
sensitivity troponin T predicts end-stage renal
disease and cardiovascular and all-cause mor-
tality in patients with type 1 diabetes and dia-
betic nephropathy. Kidney Int 2017; 92: 1242-
1248.

[4] Hong YA, Lim JH, Kim MY, Kim Y, Park HS, Kim
HW, Choi BS, Chang YS, Kim HW, Kim TY, Park
CW. Extracellular superoxide dismutase atten-
uates renal oxidative stress through the activa-
tion of adenosine monophosphate-activated
protein kinase in diabetic nephropathy. Antiox-
id Redox Signal 2018; 28: 1543-1561.

[5] Eren E, Tufekci KU, Isci KB, Tastan B, Genc K
and Genc S. Sulforaphane inhibits lipopolysac-
charide-induced inflammation, cytotoxicity, oxi-
dative stress and mir-155 expression and
switches to Mox phenotype through activating
ERK1/2-Nrf2/ARE pathway in murine microg-
lial cells. Front Immuno 2018; 9: 36.

Int J Clin Exp Med 2018;11(12):13422-13428


mailto:yunl2202@163.com

(6]

(7]

(8]

(9]

[10]

[11]

(12]

[13]

(14]

Effect of curcumin on cell proliferation and its mechanisms

Kozyra M, Ingelman-Sundberg M, Lauschke
VM. Rare genetic variants in cellular transport-
ers, metabolic enzymes, and nuclear receptors
can be important determinants of interindivid-
ual differences in drug response. Genet Med
2017; 19: 20-29.

Heger M, van Golen RF, Broekgaarden M, Mi-
chel MC. The molecular basis for the pharma-
cokinetics and pharmacodynamics of curcum-
in and its metabolites in relation to cancer.
Pharmacol Rev 2014; 66: 222-307.

Khayyal M, Abdel-Tawab M, Behnam D, EI-Sab-
bagh W, El-Hazek R. Novel formulations of
curcumin, boswellia and xanthohumol extracts
markedly enhance their individual and com-
bined anti-inflammatory activity. Zeitschrift Fir
Phytotherapie 2017; 38: P12.

Javandoost A, Afshari A, Saberi Karimian M,
Sahebkar A, Safarian Bana H, Moammeri M,
Fathi Dizaji B, Tavalaei S, AA Ferns G, Pasdar A.
The effects of curcumin and a modified cur-
cumin formulation on serum cholesteryl ester
transfer protein concentrations in patients
with metabolic syndrome: a randomized, pla-
cebo-controlled clinical trial. Avicenna J
Phytomed 2018; 1-11.

Jourdan T, Park JK, Varga ZV, Paloczi J, Coffey
NJ, Rosenberg AZ, Godlewski G, Cinar R, Mack-
ie K, Pacher P, Kunos G. Cannabinoid-1 recep-
tor deletion in podocytes mitigates both glo-
merular and tubular dysfunction in a mouse
model of diabetic nephropathy. Diabetes Obes
Metab 2018; 20: 698-708.

Hinden L, Udi S, Drori A, Gammal A, Nemirovski
A, Hadar R, Baraghithy S, Permyakova A, Geron
M, Cohen M, Tsytkin-Kirschenzweig S, Riahi Y,
Leibowitz G, Nahmias Y, Priel A, Tam J. Modula-
tion of renal GLUT2 by the cannabinoid-1 re-
ceptor: implications for the treatment of dia-
betic nephropathy. J Am Soc Nephrol 2018;
29: 434-448.

Devonish JA, Singh S, Tomkinson E, Morse GD.
Novel considerations about diabetes manage-
ment strategies in Chinese immigrants in
America: possible corollaries of the use of
traditional Chinese medicines. Innov Pharm
2017; 8.

Guo Y, Shan QQ, Gong PY, Wang SC. The au-
tophagy induced by curcumin via MEK/ERK
pathway plays an early anti-leukemia role
in human Philadelphia chromosome-positive
acute lymphoblastic leukemia SUP-B15 cells. J
Cancer Res Ther 2018; 14: S125-S131.
Golombick T, Diamond TH, Manoharan A, Ra-
makrishna R. The effect of curcumin (as Meri-
va) on absolute lymphocyte count (ALC), NK
cells and T cell populations in patients with
stage 0/1 chronic lymphocytic leukemia.
2015.

13428

(15]

(16]

(17]

(19]

[20]

(21]

[22]

(23]

(24]

Morales NP, Sirijaroonwong S, Yamanont P,
Phisalaphong C. Electron paramagnetic reso-
nance study of the free radical scavenging
capacity of curcumin and its demethoxy and
hydrogenated derivatives. Biol Pharm Bull
2015; 38: 1478-1483.

Choudhury FK, Rivero RM, Blumwald E, Mittler
R. Reactive oxygen species, abiotic stress and
stress combination. Plant J 2017; 90: 856-
867.

Alfred E, Olu A, Joy E, Sunday J, Dennis A. The
levels of C-reactive protein, malondialdehyde
and absolute lymphocyte counts in Pre and
post-acute exercise. J Sports Med Doping Stud
2017; 7: 2161-0673.

Sedlak T, Koga M, Shaffer L, Fahey J, Snyder S,
Barker P, Sawa A. 175.2 A Glu that binds in-
flammation and neurotransmission: glutathi-
one as a glutamate reservoir. Schizophr Bull
2017; 43: S89.

Grad LI, Yerbury JJ, Turner BJ, Guest WC, Pokri-
shevsky E, O’Neill MA, Yanai A, Silverman JM,
Zeineddine R, Corcoran L, Kumita JR, Luheshi
LM, Yousefi M, Coleman BM, Hill AF, Plotkin SS,
Mackenzie IR, Cashman NR. Intercellular prop-
agated misfolding of wild-type Cu/Zn superox-
ide dismutase occurs via exosome-dependent
and-independent mechanisms. Proc Natl Acad
Sci US A 2014; 111: 3620-3625.

Gan L, Johnson JA. Oxidative damage and the
Nrf2-ARE pathway in neurodegenerative dis-
eases. Biochimica et biophysica acta (BBA)-
molecular basis of disease. Biochim Biophys
Acta 2014; 1842: 1208-1218.

Huang K, Chen C, Hao J, Huang J, Wang S, Liu
P, Huang H. Polydatin promotes Nrf2-ARE anti-
oxidative pathway through activating Sirt1 to
resist AGEs-induced upregulation of fibronetin
and transforming growth factor-B1 in rat glo-
merular messangial cells. Mol Cell Endocrinol
2015; 399: 178-189.

Lu MC, Ji JA, Jiang ZY, You QD. The Keap1-Nrf2-
ARE pathway as a potential preventive and
therapeutic target: an update. Med Res Rev
2016; 36: 924-963.

Ding K, Wang H, Xu J, Li T, Zhang L, Ding Y, Zhu
L, He J, Zhou M. Melatonin stimulates antioxi-
dant enzymes and reduces oxidative stress in
experimental traumatic brain injury: the Nrf2-
ARE signaling pathway as a potential mecha-
nism. Free Radic Biol Med 2014; 73: 1-11.
Kubo E, Chhunchha B, Singh P, Sasaki H, Singh
DP. Sulforaphane reactivates cellular antioxi-
dant defense by inducing Nrf2/ARE/Prdx6 ac-
tivity during aging and oxidative stress. Sci Rep
2017; 7: 14130.

Int J Clin Exp Med 2018;11(12):13422-13428



