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We examined the effects of 2.0 uM curcumin, a known antioxidant, on the cultures of
normal rat astrocytes and of those subjected to the action of 0.01 uM lipopolysaccharide,
LPS. As was found, 24-h-long exposure of astrocytes to LPS resulted in a relatively mild
decrease in the cell viability of astrocytes (a decrement of 22%). The action of curcumin
significantly ameliorated this decrease. LPS induced significant upregulation of GFAP,
NF-kB, and poly(ADP-ribose)polymerase (PARP) in activated astrocytes. Curcumin
significantly decreased these effects (to 60, 71, and 89% as compared to those in astrocytes
subjected to isolated action of LPS). Thus, curcumin significantly prevents the decrease in cell
viability and moderates the cytoskeleton rearrangements and disorders in NF-kB-dependent

regulation in astrocytes activated by LPS.
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INTRODUCTION

Neurodegenerative  diseases are, in  general,
characterized by inflammation, growth of oxidative
damages, and decreased cell viability resulting from
disorders in the cell regulatory pathways. Pathogenesis
of these diseases is closely related to dysfunctions of
glial cells [1]. Astrocytes, the most numerous glial
cell population, play a crucial role in the maintenance
of homeostasis and neuronal survival in the CNS.
Overactivation of astrocytes is a molecular and
metabolic marker of a number of CNS pathologies;
this is accompanied by the overproduction of glial
fibrillary acidic protein (GFAP) and secretion of
various cytokines. The cytokine secretion stimulates
endothelial cells in the brain vessels, which disturbs
signalization from and feedback relations with the
surrounding astrocytes [2]. The astrocyte reactivity
initiates an inflammatory response, which leads to
intensification of neuronal death and is critical with
respect to both neuroprotection and CNS cell damage
[3]. Antioxidants are capable of modulating the cell
reactivity via anti-inflammatory signaling pathways.

! Oles” Gonchar Dnipro National University, Dnipro, Ukraine
2 Bingol University, Bingol, Turkey
Correspondence should be addressed to V. S. Nedzvetsky
(e-mail: nedzvetskyvictor@ukr.net).

NEUROPHYSIOLOGY / HEUPODU3UOIOTUSA.—2017.—T. 49, Ne 4

Curcumin, an agent in widely used natural food product
(spice) was found to be a potent antioxidant. Most
studies on the effects curcumin have been focused
on the respective protective influences on different
normal and cancer cells, while the effects of curcumin
on astrocytes were examined only in single works.
The role of intermediate filaments of astrocytes in the
astroglial reactivity remains practically unknown.

Considering the dual role of astrocytes in triggering
the glial reactivity (from neuroprotection to increased
cell damage), we investigated the effects of curcumin
on the reactivity of primary rat astrocytes using
lipopolysaccharide (LPS)-induced inflammatory
events in an in vitro model.

METHODS

Primary astrocyte cell cultures were obtained using a
most widely accepted technique, from newborn (1-day-
old)rats[4].Cultured cellsweredividedinto four groups:
(i) intact control (Contr), (i1) astrocytes stimulated with
0.01 uM LPS (LPS), (iii) intact astrocytes treated with
2.0 uM curcumin (Curc), and (iv) LPS-stimulated as-
trocytes treated with curcumin in the above concentra-
tion (LPS+Curc). Exposures to both LPS and curcum-
in were 24 h long. After this, cells of all four groups
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were collected by scratching from the medium with-
out trypsinization. Activation of astrocytes was ex-
amined with Western blot as levels of expression of
GFAP, transcriptional factor NF-kB, and poly(ADP-
ribose)polymerase (PARP). The blot results were ana-
lyzed using densitometry (software TotalLab TL120,
USA) and normalized with respect to the intensity of
the bands obtained for B-actin. Statistical analysis was
performed using Excel (Student’s f¢-test) and SPSS
(MANOVA).

RESULTS AND DISCUSSION

Cultured primary astrocytes treated with
0.01 uM LPS demonstrated a mild but significant
(P < 0.05) lowering of the cell viability index (22%
as compared to the untreated Contr group). Astrocytes
subjected to isolated action of 2.0 uM curcumin
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F i g. 1. Western blot of GFAP in cultured control (Contr) and
treated primary rat astrocytes. Curc is 2.0 uM curcumin; LPS is
0.01 uM LPS; LPS+Curc corresponds to combined treatment with
LPS and curcumin.
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F i g. 2. Normalized content of GFAP in cultured rat astrocytes.
Designations are similar to those in Fig. 1. #*P<0.01 in comparison
with Contr; ## P<0.01 in comparison with LPS
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showed a small (statistically insignificant, P > 0.05)
decrease in the viability (11% vs. Contr). At the same
time, LPS-stimulated astrocytes treated with curcumin
(LPS+Curc group) were characterized by a smaller
decrement of the cell viability (also statistically
insignificant, P > 0.05) compared to that in the LPS
group.

In primary astrocytes stimulated with LPS, we found
dramatically increased GFAP expression (by 87%, on
average, as compared to the Contr group; P < 0.05).
Similar shifts were observed after 24-h exposure of as-
trocytes to LPS in the NF-kB and PARP contents (75
and 62%, respectively, as compared to the untreated
control). The treatment of non stimulated rat astrocytes
with 2.0 uM curcumin resulted in minor insignificant
(P > 0.05) decreases in the contents of the three stud-
ied proteins. A maximal respective shift was observed
for NF-xB (14%). At the same time, considerably more
substantial effects of curcumin were found with re-
spect to LPS-stimulated astrocytes. If to take incre-
ments in the contents of the above three proteins in
the LPS group as 100%, the respective shifts in the
LPS+Curc group were only 60, 71, and 89%. There-
fore, curcumin considerably prevented LPS-induced
upregulation of GFAP, NF-«xB (P < 0.05), and, to a
lesser extent, of PARP.

Our results are quite comparable with the recent
data on the effects of different doses of curcumin on
human astrocytes; there was no significant increase in
the cell death index under the action of 5 uM curcum-
in [5].

NF-«xB belongs to a family of transcription factors
that is greatly responsible for the maintenance of cell
survival and controls diverse biological processes, in-
cluding inflammatory and apoptotic responses. Recent
data demonstrated that curcumin can beneficially af-
fect astrocyte populations in the CNS under condi-
tions of a neuroinflammatory environment [6]. Pimen-
tel-Gutierrez et al. found that curcumin downregulated
the NF-kB in REH acute lymphoblastic leukemia cells
measured using flow cytometry with anti-phospho-NF-
kB p65 antibody [7].

The effect of curcumin on NF-kB expression ob-
served in our study may be implemented due to a de-
crease in the ROS level and modulation of PARP ac-
tivity. Our data comply with the results of Kauppinen
et al., who showed that PARP-induced changes in the
NAD" levels can modulate NF-kB transcriptional ac-
tivity through the effects on p65 acetylation [8].

The PARP expression leads to increased consump-
tion of metabolic energy and, as a result, is followed
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by decreased cell viability. Precisely this situation was
observed in our experiments in the LPS group; upregu-
lation of PARP in LPS-stimulated astrocytes correlates
with a noticeable drop in the cell viability. The treat-
ment of reactive astrocytes with curcumin provided a
clear neuroprotective effect; the decrement of the vi-
ability index in the LPS-Curc group was considerably
smaller than that in the LPS group. Isolated action of
2.0 uM curcumin on nonactivated astrocytes provided
nearly negligible shifts in the contents of GFAP, NF-
kB, and PARP. At the same time, such treatment of
LPS-activated astrocytes significantly ameliorated in-
creases in the expression of these proteins. Therefore,
the positive neuroprotective effect of curcumin with
respect to LPS-affected astrocytes may be related to
the above-mentioned amelioration of expression of the
three regulatory proteins.

The observed protective effects of curcumin are
probably based on the antioxidant and antiprolifera-
tive ability of this natural polyphenol. The increase of
ROS production in LPS-activated astrocytes switches-
in numerous mechanisms controlling transcriptional
factors, including NF-xB, and, as a result, intensifies
the cytokine secretion. Both these effects (ROS hy-
perproduction and facilitation of the cytokine release)
determine excessive cell reactivity accompanied by a
number of molecular damages and the development of
cell dysfunctions. It should be taken into account that
the action of 2 pM curcumin on normal astrocytes did
not induce any antiproliferative effect. At the same
time, treatment of LPS-stimulated astrocytes with the
above dose of curcumin significantly decreases the
NF-kB and PARP levels (potent regulators of cell re-
activation). Thus, the antiproliferative proprieties of
curcumin on reactive astrocytes are based on partial
neutralization of NF-kB and PARP expressions.

It is obvious that LPS induces significant GFAP up-
regulation in cultured astrocytes, and this is the most
obvious sign of reactivation of these cells. The abnor-
mally increased GFAP expression is associated with
reconstruction of the astrocyte cytoskeleton. Curcumin
exerts a clear normalizing effect on the GFAP expres-
sion in LPS-stimulated astrocytes.

Taken together, our data demonstrated that a
relatively low dose (2 uM) of curcumin exerts a
complex positive influence; it ameliorates an abnormal
reactivity of primary rat astrocytes subjected to the
action of LPS. This complex action includes positive
effects on the cell viability, rearrangements of the
cytoskeleton, and transcriptional regulation of the cell
response.

NEUROPHYSIOLOGY / HEUPODU3UOIOTUSA.—2017.—T. 49, Ne 4

All stages of the study were in accordance with the
provisions of the European Convention for the Protection of
Animals used in Experimental Trials (86/609 / EEC, 1986,
Strasbourg) and the norms of the Bioethics Committees in the
both mentioned universities.

The authors of this communication, V. S. Nedzvetsky,
C. A. Agca, and S. V. Kyrychenko, confirm the absence of
any conflict related to commercial or financial interests, to
interrelations with organizations or persons in any way involved
in the research, and to interrelations of the co-authors.

B. C. Heosseyvruu?, [Joc. A. A2oaca?, C. B. Kupuuenrxo'

HEMPOIPOTEKTOPHUI BIIJIUB KYPKYMIHY HA
AKTHUBOBAHI JIIITIOIIOJIICAXAPUIOM ACTPOLIUTHU
BA3YETBHCS HA ITPOTU/ILI IIOCUJIEHINA ITPOAYKIII]
I'®KII TA NF-xB
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Peszwome

Mu gocmigxkyBaau BIJIMBH BiIOMOTO aHTHOKCHUJAHTA KYpKyMi-
Hy (2.0 MKM) Ha KyJTbTHBOBaHI HOPMaJIbHI aCTPOIUTH Iypa Ta
actpouuTH, nigmani aii 0.01 mxM minononicaxapuny (LPS). Bu-
SBUNIOCS, 0 24-ronMHHA eKcmo3ulis actpountiB i3 LPS mpu-
3BOJUTH O BiJHOCHO IIOMIPHOTO 3MEHIIEHHS JKUTTE3MaTHOCTI
acTpOIUTIB (IeKpeMeHT y cepeauboMy 22 %). Jlig KypKyMiHYy
3yMOBJIIOBaJIa BipOTiJHE 3MEHIIEHHS TaKOi BTPAaTH JKUTTE3IAT-
Hocti. Anmikanis LPS imgykyBana BiporigHe 30inbIIeHHS piB-
HiB [®KII, NF-kB Ta momi(AAIl-pudo3o)nomimepasu (ITAPII)
B AKTUBOBAHMX acTpouuTax. KypkyMiH 3HAYHO 3MEHIIYBaB TaKi
edextu (mo 60, 71 Ta 89 % y mopiBHAHHI 3 BiANOBIAHUMU 3HA-
YEHHSIMU B aCTPOUMTAX, NiAJaHuX i30mbpoBaHii aii LPS). OTxe,
KYpPKYMiH iCTOTHO NPOTHUIi€ 3MEHIICHHIO )KHUTTE3IaTHOCTI KIIi-
THH, nepe0yaoBaM KIITHHHOTO ckeleTa Ta posnagaM NF-xB-
3aJIeKHOI Peryislii B acTpOUHTaX, aKTUBOBAaHUX Mij niero LPS.
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