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The purpose of the study was the investigation of curcumin liposome form effect on angiotensin-
converting enzyme activity, cytokines and mnestic features of rats with experimental model of
Alzheimer’s disease. In the animals with intrahippocampal injection of AB42 Human, nasal therapy with
curcumin liposome form was used. Cytokine concentration and angiotensin converting enzyme activity
in brain regions (cerebral cortex and hippocampus) and in blood serum as well as indicators of conditioned
avoidance response were registered. It was found that as a result of curcumin therapy the rats with
Alzheimer’s disease had suppressed cytokine and angiotensin converting enzyme activities and recovered
mnestic indices. Nasal therapy with curcumin liposome form gave reduction of angiotensin-converting
enzyme activity and anti-cytokine effect in the target regions of the brain (cerebral cortex and hippo-
campus), which helped the rats mnestic features and memory recovery.
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The hitherto used approaches to treatment
of dementia and amyloidosis in the case
of Alzheimer’s disease (AD) concentrated
on suppression of B-amyloid peptide (AP)
production and aggregation or on symptomatic
therapy are ineffective [1-5], therefore
correction of chronic inflammation provoked
by amyloidosis will have positive effect.
The mechanism by which AP causes the
damage and death of neurons is generation
of oxygen active forms in the course of
own aggregation. At the same time neuron
membranes lipids peroxidation is activated and
ATPases function is deteriorated. As a result
AP conduces to depolarization of synaptic
membranes, excessive ingress of Ca?' and
mitochondrial insufficiency [6—8]. All these
processes are concurrent with non-specific
inflammatory reaction which is transformed
into chronic form and induces synthesis of AP
protein precursor (APPP) and its processing
pursuant to amyloidogenic scenario [9-11]. It
is shown that the inflammatory process in case
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of AD is characterized by increased peripheral
concentrations of anti-inflammatory cytokines
and higher TGF-f levels in spinal cord liquid
[12]. On the other side, cytokines, similar to
AP, are mediators of inborn immunity [13,
14]. Their effect comes up through receptor
activation of intracellular signals, which
results in translocation of nuclear factor
(NFkB) towards nucleus and activation of
protein synthesis de novo [12]. In the end,
the existing anti-cytokine therapy poorly
represented itself for amyloidosis, except
for anti-inflammatory effect of IL-10 [15];
although AD risk is lower in patients who take
non-steroid anti-inflammatory preparations
[16, 17]. Therefore we assumed that curcumin
(CUA) with its anti-inflammatory properties
may have essential therapeutic effect against
AB-induced neurotoxicity and cognitive
deficiency.

It is found that natural polyphenol CUA
regulates NFkB, AP-1 transcription factors;
suppresses expression of cyclooxygenase-2,
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lipoxygenase, NO-synthase, matrix
metalloproteinase-9, urokinase of plasminogen
activator type, TNF, chemokines, cellular
adhesion molecules and D1 cycline, inhibits
expression of growth factor receptors and
activity of JNK, protein tyrosine kinases as
well as some other protein serine/threonine
kinases [18, 19]. Curcumin also acts as
inhibitor of DNA-methyltransferase therefore
it is regarded as DNA hypomethylating agent.
It establishes equilibrium between histone
acetyltransferase and histone acetylase
enzymes activity thus modulates expression
of certain genes. At last CUA modulates
activity of microRNA and their numerous
target genes [20, 21]. Above-mentioned
CUA effects are exhibited in its antioxidant,
anti-inflammatory, anti-tumor and even
anti-amyloidogenic properties [22—-27]. The
problem with curcumin usage, like with the
other hydrophilic anions, lies only in the fact
that it cannot enter the cell through plasmatic
membrane on its own. Therefore it is reasonable
to use nanocarriers, in particular, liposomes,
as CUA carriers. Liposome advantages are
obvious: prepared from natural phospholipids,
they compared to other polymeric delivery
systems, completely biodegrade in the body
and are biocompatible [28].

B-Amyloid peptide aggregation process
results in imbalance between its production
and degradation. One of the systems, which
maintain low AP level in tissues, are zinc
metalloproteinases [29]. Angiotensin-
converting enzyme (ACE) [EC 3.4.15.1], which
is involved in regulation of arterial blood
pressure, neuropeptide exchange, immune
responses of the body is also among them [30].
This enzyme (chiefly its C-domain) separates
C-terminal dipeptides from oligopeptides of
various structures which have a free carboxyl
group. But ACE interacts with AP exclusively
by N-domain and decomposes Argb—His6
or Asp7—Ser8 peptide bonds [30]. ACE is an
integral membrane glycoprotein of thelSt
type which is released to blood circulation
by zinc metalloesterase at the rate of 2% per
hour therefore this enzyme functions both in
bonded and dissolved forms. According to the
conclusions of ACEI gene polymorphism and
enzyme inhibitors studies it was found that
ACE activity reduction is associated with AD
risk and AP accumulation [31].

The purpose of the study was investigation
of curcumin liposome form effect on ACE
activity, cytokines and mnestic features of
rats with experimental model of Alzheimer’s
disease.

Materials and Methods

The study involved 30 male rats of
sexually mature age, with 200 to 250 g
weight. All the animals were kept under
controlled 12-hour light-darkness cycle with
standard fodder for rodents and tap water.
Experimental protocols were conducted in
accordance with the rules of the European
Convention for the Protection of Vertebrate
Animals used for Experimental and Other
Scientific Purposes (Strasbourg, 1986).

The rats were randomly distributed into
5 groups (6 animals in each). The reference
group included intact animals; group 1 — the
rats 1 month after intrahippocampal injection
of AP42 Human (experimental model of AD);
group 2 — sham operated animals; group 3 —
the rats with AD experimental model which
received daily nasal therapy with curcumin
liposome form for 1 month, and group 4 —
animals with AD experimental model which
received daily nasal therapy with empty
liposomes also for 1 month.

Beforehand, during 20 days conditioned
avoidance response was formed in the rats
on the basis of unconditioned reflex [32].
Infallible conditioned responses to metronome
sound were considered as positive result.
Apart from positive response portion (in %),
the study registered duration of latent period
of conditioned avoidance response in seconds.
Animals from all groups were tested in the
conditioned avoidance response parameters
after AD experimental model formation
in them and nasal therapy with curcumin
liposome form or empty liposomes.

APB42 Human (Human Amyloid § Protein
Fragment 1-42, Sigma-Aldrich), dissolved in
bidistilled water was aggregated for 24 hours
at 37 °C. AP42 Human large size rough
conglomerates were dispersed by ultrasound
and sterilized immediately before injection.
The effect of 42 _Human B-amyloid peptide
was studied 1 month after its single injection
in the dose of 15 nM AP42 Human to the
hippocampus of the rats’ brain. Solution
volume was 10 mecl per animal. Stereotaxic
coordinates of the left hippocampus were
determined using the brain map of the rats
[33], which corresponds to the distance
from the intersection point of sagittal seam
and bregma (zero point): distally — 2 mm,
laterally — 2 mm and in depth — 3.5 mm.
The stereotaxic operations in experimental
animals were made under general anesthesia
using intra-abdominal injections of thiopental
(50 mg/kg of body weight).
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To prepare liposomes with curcumin,
lecithin/cholesterol was dissolved in the
round-bottom flask at ratio 18:1 in 50%
ethanol. After the lipid film was formed as a
result of the solvent evaporation, 28.85 mM
CUA in 5 ml of PBS buffer (10 mM Na,HPO,,
1.76 mM KH,PO,, 137 mM NacCl, 2.7 mM KCl,
pH 7.4) was added and thoroughly mixed
for suspension of liposomes with curcumin
formation. The suspension of empty liposomes
was prepared using the similar protocol but
at the final stage PBS buffer without CUA
was added. Both liposome suspensions were
dissolved with PBS buffer to 0.7 g/1 CUA
immediately before nasal administration to
the rats in the dose of 3.5 ng/animal. Daily
nasal therapy of the rats with AD experimental
model lasted for 1 month. Administration of
liposome form curcumin by nasal method is
determined by the fact that, unlike peripheral
blood circulation, this is the shortest way to the
target regions of the rat neocortex. It is known
that after entering the body the dissolved
curcumin is nearly unable to overcome the
hematoencephalic barrier whereas its liposome
form is actively and non-specifically entrapped
by the formed elements of blood, which
requires big doses of the preparation.

After the processing was finished the
animals were decapitated. The assays of
cerebral cortex and hippocampus were frozen
and stored for further measurements. Blood
was collected and centrifuged at 1000 g
for 20 min. Serum was collected, frozen
and stored. The tissues of hippocampus and
fronto-coronal cortex were homogenized in
Tris-buffer (50 mM Tris-HCI, 150 mM NaCl,
pH 7.5), centrifuged at 14000 g for 5 min
producing supernatant.

In the supernatant assays of hippocampus,
cerebral cortex and blood serum cytokines were
identified using ELISA method in accordance
with the protocol Rat ELISA Kit Invitrogen
BCM DIAGNOSTICS, USA for interleukine-6
(IL-6), interleukine-10 (IL-10) and tumor
necrosis factor a (TNFa). Assay absorption
was read out using GBG Stat FAX 2100
(USA) microplate analyzer at 450 nm with
wavelength correction at 630 nm. The ELISA
data were recalculated into general protein
for nerve tissue or expressed in ng/1 for blood
serum. Concentration of general protein was
quantitated by Lowry method [34].

ACE activity was determined by kinetic
method [35]. As a substrate the short FAPGG
peptide was used, from which by ACE action
GG dipeptide was separated and transformed
into hippuric acid. Reduction in assay
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absorption during 10 minute incubation at
37 °C was measured at 340 nm wavelength.
Calculation was made using formula:

EACE = (AAassay/ AAhippuric acid calibrator) : Ecalibrator,

where AA — reduction of absorption during
10 min of incubation at 37 °C; E_ajibrator = 82.1
(protocol BHLMANN ACE colometric kit,
Switzerland). ACE activity was expressed
in U/1, which corresponds to ACE enzyme
quantity, which separates 1 uM hippuric acid
at 37 °C per minute per liter for blood serum
and per mg of protein for areas of the brain
(fronto-coronal cortex and hippocampus).

The obtained results were statistically
processed, average values and standard
deviations were calculated. Statistical analysis
of differences was made using ¢-test. Values at
P < 0.05 were considered significant.

Results and Discussion

Fig. 1 presents data about increase in
ACE activity in hippocampus (direct spot of
AP42 Human injection) and blood serum and
absence of reliable changes in this parameter
in cerebral cortex of the rats with AD
experimental model. It is first of all due to ACE
synthesis induction by one of the substrates
local excess, namely AP [36]. Nasal therapy
with CUA liposome form significantly reduced
ACE activity compared to the effect of empty
liposomes (Fig. 1) in both investigated brain
sections of the rats and in blood serum.

On physiological level, the intrahippo-
campal injection of AP42 Human brought
suppression of conditioned avoidance response
in the rats of group 1 (Fig. 2). Study of mnestic
features and memory showed reduction in
the share of positive responses and increase
of latent period in these animals compared
to the reference group. The share of positive
responses in the rats with AD experimental
model was not different from that of in the
sham operated animals, which is a consequence
of intracranial intervention. Curcumin in
liposomes was responsible for recovery of
mnestic features and memory parameters in
the rats with AD experimental model, which
was not the case when empty liposomes were
used (Fig. 2).

The most substantial cytokine
activation was registered in hippocampus
of the animals with AD experimental model
(Table 1): Concentration of TNFa increased
by 26%, IL-6 — by 27% and IL-10 — by 95%,
respectively. These data show that AP42
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Fig. 1. Effect of 42_Human 3-amyloid peptide and curcumin liposome form on angiotensin-converting activi-
ty in brain sections (cerebral cortex and hippocampus) and blood serum of the rats
Hereinafter: * — P <0.05 compared to reference (intact animals, n = 6); # — P <0.05 when comparing the
groups 1 (model of Alzheimer’s disease, n = 6); 2 (sham operated animals, n = 6); 3 (nasal therapy of the AD
model animals with liposome curcumin, n = 6); 4 (nasal therapy of AD model animals with empty liposomes,
n = 6), respectively; & — P <0.05 compared to the group 1 (Alzheimer’s disease model, n = 6).
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Fig. 2. Dynamics of mnestic ability and memory parameters (share of positive responses and latent period)
in effect of 42_Human [3-amyloid peptide and curcumin liposome form therapy in the rats

Human in hippocampus of the experimental
rats causes neuroinflammation specifically
and mainly in the spot of injection. But in
the brain cerebral cortex the activation of
neuroinflammation was also shown, although
to lower extent (Table 2). Namely, only the
IL-6 level reliably increased by nearly 54%.
Specificity of AP42 Human inflammatory
effect in the brain of the rats was also
proved by difference in the levels of the
studied cytokines between groups 1 and 2
(Tables 1 and 2).

Effect of liposome curcumin on cytokine
levels in hippocampus of the animals
was marked by essential suppression of
inflammation (Table 1): TNFa level decreased
by 56%, IL-6 — by 39% and IL-10 — by
52%, respectively. But not a single cytokine
normalized its concentration, unlike in the
case with the effect of empty liposomes
(Table 1). Effect of CUA as component
of liposomes in the cerebral cortex of the

rats with AD gave similar suppression of
cytokine response (Table 2): TNFa level
decreased by 71%, IL-6 — by 67% and IL-
10 — by 41%, respectively. The obtained
results are in agreement with our previous
data for curcumin water solution only for
the brain cerebral cortex of the animals with
intrahippocampal injection of AB42 Human
[837]. In hippocampus of the rats with AD
model the CUA liposome form showed more
intensive suppression of cytokine chain of
neuroinflammation compared to its water
solution.

The level of peripheral cytokines (TNFa,
IL-6 and IL-10 in blood serum) did not reflect
neither specific neuroinflammatory effect
of 42 Human p-amyloid peptide in the
brain of the rats, nor suppression effect of
liposome CUA (Table 3). 20-50% rise in TNFa
concentration, 54-67% decrease in IL-10
concentration and absence of changes in IL-6
content in blood serum of the rats of all the
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Table 1. Effect of curcumin liposome form on TNFq, IL-6 and IL-10 in hippocampus of the rats
with the model of Alzheimer’s disease

Cytokine Rerf;eieélce G;o:% 1 G;o:% 2 G:'Lo:% 3 G:'Lo:% 4
TNFa 50.7=2.1 63.8+3.5%# 46.8+1.9& 28.3*1.7*#& 46.3+2.3&
1L-6 57.3+8.3 72.8+6.8# 98.3+6.8%& 44.7+£5.9%& 58.5+8.2

IL-10 130.4%+11.0 254.3+16.7%# 152.8+12.9& 122.4+13.4%#& 151.0+12.4&

Note. Hereinafter: the results are represented as M + m, ng/g of protein.

Table 2. Effect of curcumin liposome form on TNFa, IL-6 and IL-10 in cerebral cerebral cortex
of the rats with the model of Alzheimer’s disease

Cytokine RerfLe:eélce G:'Lo:% 1 G’rlo:% 2 G:'Lo:% 3 G:;o:% 4
TNFa 50.8+2.5 46.2+2.4# 40.6+2.9%& 13.2+0.9%#& 47.1+2.8
1L-6 52.5+4.2 80.8+7.4* 68.5+5.8 26.8+2.0%#& 49.3+3.9&
IL-10 179.5+13.0 150.8+10.6# 206.4+24.2& 89.4+7.6%#& 177.0+12.8&

Table 3. Effect of curcumin liposome form on TNFo, IL-6 and IL-10 in blood serum of the rats
with the model of Alzheimer’s disease

Cytokine Reieieélce G:;O;l% 1 G:'Lo:% 2 Grl';,O:I()i 3 G:'Lo:% 4
TNFa 7.9+0.8 9.5+0.6 * 10.7+1.0 * 10.4+0.4 *# 11.9+0.9 *&
1L-6 48.3+10.4 37.5+6.9 53.2+11.3 44.8+7.7 47.0=14.1
IL-10 19.5+2.4 9.8+1.2 *# 6.5+0.9 * 7.0+1.8 *#& 9.3£2.5 *

experimental groups compared to the reference
were marked.

The obtained results showed activation
of cytokine system in the brain of the rats
with AD experimental model (Tables 1, 2).
These data are in agreement with other
studies on activation of neuroinflammation
by AP aggregates [38—41]. AP deposits are
responsible for activation of microglia [38].
AP conduces to higher inflammatory response
to NFkB stimulation, the nuclear factor which
is involved in regulation of ERK (extracellular
signal-regulated kinases) and MAPK (mitogen-
activated protein kinases) routes which lead
to cytokines and chemokines production [39].
Modification of the inflammatory condition of
microglia/macrophages plays prominent role
in the course of amyloidosis [40].

Nasal therapy of AD model rats with
curcumin liposome form was responsible for
suppression of ACE activity and cytokine
chain of neuroinflammation. Revealed anti-
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inflammatory activity of CUA resulted in
recovery of memory parameters and mnestic
functions in the animals. Therefore, the
previous assumption that its liposome form
may be an efficient anti-inflammatory
factor in the effect of exogenous P-amyloid
peptide was confirmed by experimental
data. This natural polyphenol prevents
activation of NFxB transcription nuclear
factor suppressing phosphorylation and
degradation of IxBa (NFkB inhibitor). Since
curcumin effect lies in inhibition of IB kinase
(IKK) activation, needed for NF«kB activation
[42—-44], it is just this fact that explains the
revealed anti-cytokine effect of curcumin in
the experimental animals. The mechanism
of curcumin effect on ACE activity is
substantiated by the proved suppressor effect
of this polyphenol on expression of enzyme
gene [45]. Above-mentioned data show high
anti-cytokine potential of especially the
liposome form of curcumin.



Experimental articles

REFERENCES

.Minati L., Edginton T., Bruzzone M. G.,

Giaccone G. Current concepts in Alzheimer’s
disease: a multidisciplinary review. Am. J.
Alzheim. Dis. & Other Dement. 2009, V. 24,
P.95-121.

.Birks J. Cholinesterase inhibitors for

Alzheimer’s disease. Cochrane Database Syst.
Rev. 2006, CD005593.

. Gotti C., Riganti L., Vailati S., Clementi F.

Brain neuronal nicotinic receptors as new
targets for drug discovery. Curr. Pharm. Des.
2006, V. 12, P. 407-428.

. Palmer G. C. Neuroprotection by NMDA

receptor antagonists in a variety of
neuropathologies. Curr. Drug. Targets. 2001,
V.2,P.241-271.

. Ostrowski S. M., Wilkinson B. L., Golde T. E.,

Landreth G. Statins reduce amyloid-beta
production through inhibitionof protein
isoprenylation. J. Biol. Chem. 2007, V. 282,
P. 26832-26844.

. Tamburri A., Dudilot A., Licea S., Bourgeois C.,

Boehm J. NMDA-receptor activation but not
ion flux is required for amyloid-beta induced
synaptic depression. PLoS One. 2013, V. 8,
P. e65350.

. Takamura A., SatoY., Watabe D., Okamoto Y.,

Nakata T., Kawarabayashi T., Oddo S.,
Laferla F.M., Shoji M., Matsubara E. Sortilin
is required for toxic action of AP oligomers
(ABOs): extracellular ABOs trigger apoptosis,
and intraneuronal ABOs impair degradation
path ways. Life Sci. 2012, V.91, P. 1177-1186.

.Slack B. E., Wurtman R. J. Regulation of

synthesis and metbolism of the amyloid
precursor protein by extracellular signals. Res.
Progr. Alzheimer’s Dis. Dement. 2007, V. 2,
P.1-25.

.Mattson M. P. Pathways towards and away

from Alzheimer’s disease. Nature. 2004,
V. 430, P. 631-639.

10. Mehan S., Arora R., Sehgal V., Sharma D.,

11.

12.

Sharma G. Inflammatory diseases —
immunopathology, clinical and pharma-
cological bases; in Khatami M (ed): Dementia:
A Complete Literature Review on Various
Mechanisms Involved in Pathogenesis and
an Intracerebroventricular Streptozotocin-
Induced Alzheimer’s Disease. Rijeka, InTech.
2012, P. 3-19.

Swardfager W., Lanct t K., Rothenburg L.,
Wong A., Cappell J., Herrmann N. A meta-
analysis of cytokines in Alzheimer’s disease.
Biol. Psychiatry. 2010, V. 68, P. 930-941.
Hunter CA., TimansdJ., Pisacane P., Menon S.,
Cai G., Walker W., Aste-Amezaga M.,
Chizzonite R., Bazan J. F., Kastelein R. A.
Comparison of the effects of interleukin-1a,
interleukin-1 and interferon-y inducing
factor on the production of interferon-y by

13.

14

15.

natural killer. Eur.J. Immunol. 1997, V. 27,
P. 2787-2792.

Dinarello C. A. Proinflammatory cytokines.
Chest. 2000, V. 118, P. 503—-508.

. Soscia S. J., Kirby J. E., Washicosky K. J.,

Tucker S. M., Ingelsson M., Hyman B.,
Burton M. A., Goldstein L. E., Duong S.,
Tanzi R. E., Moir R. D. Bush, Ashley I. The
Alzheimer’s disease-associated amyloid
B-protein is an antimicrobial peptide. PLoS
One. 2010, V. 5, P. €9505.

Huber T. S., Gaines G. S., Welborn M. B.,
Roseberg J. J., Seeger J. M., Moldawer L. L.
Anticytokine therapies for acute
inflammation and the systemic inflammatory
response syndrome: IL-10 and ischemia/
reperfusion injury as a new paradigm. Shock.
2000, V. 13, P. 425-434.

16. Akiyama H., Barger S., Barnum S., Bradt B.,

17.

18.

19.

20.

21.

22.

23.

Bauer J., Cole G. M., Cooper N. E., Eikelen-
boom P., Emmerling M., Fiebich B. L., Finch C. E.,
Frautschy S., Griffin W. S., Hampel H., Hull M.,
Landreth G., Lue L., Mrak R., Mackenzie I. R.,
Mcgeer P. L., O’Banion M. K., Pachter J.,
Pasinetti G., Plata-Salaman C., Rogers dJ.,
Rydel R., Shen Y., Streit W., Strohmeyer R.,
Tooyoma I.,Van Muiswinkel F. L., Veerhuis R.,
Walker D., Webster S., Wegrzyniak B.,
Wenk G., Wyss-Coray T. Inflammation and
Alzheimer’s disease. Neurobiol Aging. 2000,
V. 21, P. 383-421.

Stewart W. F., Kawas C., Corrada M.,
Metter E. J. Risk of Alzheimer’s disease and
duration of NSAID use. Neurology. 1997,
V.48, P. 626 —631.

Shezad A., Lee Y. S. Molecular mechanisms
of curcumin action: signal transduction.
Biofactors. 2013, V. 39, P. 27-36.

Bharti A. C., Takada Y., Aggarwal B. B.
Curcumin (diferuloylmethane) inhibits
receptor activator of NF-kB ligand-induced
NF-xB activation in osteoclast precursors and
suppresses osteoclastogenesis. J. Immunol.
2004, V. 172, P. 5940-5947.

Teiten M. N., Dicato M., Diederich V.
Curcumin as a regulator of epigenetic events.
Mol. Nutr. Food Res.2013,V.57,P.1619-1629.
Lee W. H., Loo C. Y., Bedawy M., Luk F.,
Mason R. S., Rohanizadeh R. Curcumin
and its derivatives: their application in
neuropharmacology and neuroscience in the
21st century. Curr. Neuropharmacol. 2013,
V.11, P. 338-378.

Jacksond.K., HigoT., Hunter W. L., Burt H. M.
The antioxidants curcumin and quercetin
inhibit inflammatory processes associated
with arthritis. Inflamm. Res. 2006, 55 (4),
168-175.

Banerjee M., Tripathi L. M., Srivastava V. M.,
Puri A., Shukla R. Modulation of
inflammatory mediators by ibuprofen

53



BIOTECHNOLOGIA ACTA, V. 8, No 6, 2015

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

54

and curcumin treatment during chronic
inflammation in rat. Immunopharmac.
Immunotoxic. 2003, 25 (2), 213—-224.
Kunnumakkara A. B., Anand P.,Aggarwal B. B.
Curcumin inhibits proliferation, invasion,
angiogenesis and metastasis of different
cancers through interaction with multiple
cell signaling proteins. Cancer Lett. 2008,
269 (2), 199-225.

Ono K., Hasegawa K., Naiki H., Yamada M.
Curcumin has potent anti-amyloidogenic
effects for Alzheimer’s beta-amyloid fibrils
in vitro. J. Neurosci. Res. 2004, 75 (6),
742-750.

Yang F., Lim G. P., Begum A. N., Ubeda O. J.,
Simmons M. R., Ambeqaokar S. S., Chen P. P.,
Kayed R., Glabe C. G., Frautschy S. A., Cole G. M.
Curcumin inhibits formation of amyloid beta
oligomers and fibrils, binds plaques, and
reduces amyloid in vivo. J. Biol. Chem. 2005,
280 (7), 5892-5901.

Zhang L., Fiala M., Cashman J., Sayre J.,
Espinosa A., Mahanian M., Zaghi J.,
Badmaev V., Graves M.C., Bernard G.,
Rosenthal M. Curcuminoids enhance amyloid-
beta uptake by macrophages of Alzheimer’s
disease patients. J. Alzheimers Dis. 2006,
10 (1), 1-7.

Shulga S. M. Obtaining and characteristic
of curcumin liposomal form. Biotechnologia
Acta. 2014, 7 (5), 55-61.

Minersd. S., Baig S., PalmerdJ., Palmer L. E.,
Kehoe P. G., Love S. A B-degrading enzymes
in Alzheimer’s disease. Brain Pathol. 2008,
V.18, P. 240-252.

Hud.,Igarashi A., Kamata M., Nakagawa H.
Angiotensin-converting enzyme degrades
Alzheimer amyloid beta-peptide (Abeta);
retards Abeta aggregation, deposition, fibril
formation; and inhibits cytotoxicity. J. Biol.
Chem. 2001, 276 (5), 47863-47868.
Hemming M. L., Selkoe D. J. Amyloid
B-protein is degraded by cellular angiotensin-
converting enzyme (ACE) and elevated by an
ACE inhibitor. J. Biol. Chem. 2005, 280 (45),
37644-37650.

Vorobjova T. M. Role of limbic and reticular
systems in selfstimulation. The federation of
American societies for experimental biology.
1969, V. 70, P. 95-101.

Bures J., Petran M., Zachar J. Electro-
physiological methods in biological research.
Ed. 2 Publishing House. 1960, 516 p.

Lowry O. H., Rosebrough N. dJ., Farr A. L.,
Randall R. J. Protein measurement with
Folin phenol reagent. J. Biol. Chem. 1951,
V. 193, P. 265-275.

35.

36.

37.

38.

39.

40.

41

42.

43.

44.

45.

Ronca-Testoni S. Direct spectrophotometric
assay for angiotensin-converting enzyme.
Clin.Chem. 1983, V. 29, P. 1093-1096.
Arregui A., Perry E. K., Rossor M., Tomlin-
son B. E. Angiotensin converting enzyme
in Alzheimer’s disease increased activity
in caudate nucleus and cortical areas. .
Neurochem. 1982, V. 38, P. 1490-1492.
Sokolik V. V., Shulga S. M. Curcumin influence
on the background of intrahippocampus
administration of p-amyloid peptide
in rats. Biotechnol. acta. 2015, 8 (3),
78-88.

Sadigh-Eteghad S., Sabermarouf B., Majdi A.,
Talebi M., Farhoudi M., Mahmoudi J.
Amyloid-Beta: A Crucial Factor in
Alzheimer’s Disease. Med. Princ. Pract.
2015, V. 24, P. 1-10.

Ridolfi E., Barone C., Scarpini E., Galimberti D.
The role of the innate immune system in
Alzheimer’s disease and frontotemporal lobar
degeneration: an eye on microglia. Clin. Dev.
Immunol. 2013, P. 939786.

Boutajangout A., Wisniewski T. The innate
immune system in Alzheimer’s disease. Int.
J. Cell. Biol. 2013, P. 576383.

. Smith J A., Das A., Ray S.K., Banik N.L. Role

of pro-inflammatory cytokines released from
microglia in neurodegenerative diseases.
Brain Res. Bull. 2012, V. 87, P. 10-20.
Aggarwal B. B., Gupta S. C., Sung B.
Curcumin: an orally bioavailable blocker
of TNF and other pro-inflammatory
biomarkers. Br.J. Pharmacol. 2013, V. 169,
P.1672-1692.

Jobin C.C., Bradham A., Russo M. P.,Juma B.,
Narula A. S., Brenner D. A., Sartor R. B.
Curcumin blocks cytokine-mediated NF-
kB activation andproinflammatory gene
expression by inhibiting inhibitory factor IB
kinase activity. J. Immunol. 1999, V. 163,
P. 3474.

Pan M. H., Lin-Shiau S. Y., Lin J. K.
Comparative studies on thesuppression of
nitric oxide synthase by curcumin and its
hydrogenated metabolites through down-
regulation of IB kinase and NF-kB activation
in macrophages. Biochem. Pharmacol. 2000,
V. 60, P. 1665.

Fazal Y., Fatima S. N., Shahid S. M., Mah-
boob T. Effects of curcumin on angiotensin-
converting enzyme gene expression,
oxidative stress and anti-oxidant status in
thioacetamide-induced hepatotoxicity. .
Renin Angiotensin Aldosterone Syst. 2014,
Epub 2014, pii: 1470320314545777.



Experimental articles

BIIJIUB JIIIIOCOMHOI ®OPMU
RKYPRYMIHY HA AHTIOTEH3HH-
IIEPETBOPIOBAJIbHY AKTUBHICTD,
IOUTOKIHHU I KOTHITUBHI BJTACTHBOCTI
mMyPIB 3 MOJAEJIJIIO
XBOPOBU AJBIITEMMEPA

B. B. Cokoxnik*
C. M. IIIyJLbza2

II[V «IncTuTyT HeBpoJoOrii, ncuxiaTpil

i maprosorii HAMH Vkpaiau», Xapkis

ZI[Y «IHCTUTYT XapuoBOi 6ioTEXHOJIOTIT
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MeToo gociaig:xeHHA O0yJi0 BUBUEHHS BILIN-
BY JIilTocOMHOI (hopMU KYPKYMiHY Ha aKTHUBHICTD
aHTiOTeH3WHIIEPeTBOPIOBAJIbHOTO €H3UMY, I[UTO-
KiHM i MHECTUYHI BJIaCTUBOCTI IIyPiB 3 eKCcIepu-
MEeHTaJbHOIO0 MOJEJIJII0 XBopobu AibIlireiimepa.
Y TBapuH 3 iHTparinokamMInajJbHUM yBeJeHHAM
AB42 Human 3acTocOBYBaJaHW HasaJbHY Tepa-
mifo JrimocoMHO0 POPMOIO KYypPKyMiny. PeecTpy-
BaJii KOHIEHTpPAI[il0 IUTOKiHIB i aKTHUBHICTH
AHTiOTEH3WHIEPETBOPIOBAJbLHOTO EH3UMY V
Bigmizax roJ0BHOTO MO3KY (JIOOHO-(PPOHTATD-
Ha Kopa i rimokamm) Ta cupoBaTIli KpoBi, a Ta-
KOJK IMMOKA3HUKU YMOBHO-pPe(dIeKTOPHOI peakiil
VHUKHEHHSA. Y pe3yJabTari Tepamii KyprkyMiHoM
BCTAHOBJIEHO IPUTHIUEHHS aKTHUBHOCTI ITUTOKi-
HiB, aHTOTEeH3WHIIEPETBOPIOBAJIHLHOTO EH3UMY Ta
BiTHOBJIEHHSA MHECTHUYHUX ITOKA3HUKIB y ITypiB
i3 xBopoboio AinbIiireiimepa. HasaabHa Tepatmisa
JgimocomMHOI (popMHM KYPKYMiHY MaJja HacJain-
KOM 3MEHINIeHHS aKTHUBHOCTI aHTioTeH3WHIIE-
PEeTBOPIOBAJbHOTO €H3UMY Ta AHTUIMTOKiHO-
Boro edeKTy B IiJIbOBUX BifAijax TOJOBHOTO
MOBKY (J106HO-(hpOHTAIBFHA KOpa i rimokamir), 1o
CIIPUAJNO BifHOBJIEHHI0O MHECTHUYHUX BJACTH-
BocCTel i mam’saTi HmIypis.

Knwouwosi crosa: KypkymiH, jJginmocomu, [-amijo-
imMHUI TenTHUI, ITUTOKIHM, aHTiOTEH3WHIIEPETBO-
pIOBaJIbHUI €H3WM.

BJIUAHUE JIUTIOCOMHOM ®OPMbI
KYPRKYMHUHA HA AHTUOTEH3HH-
ITPEBPAIITAIOIIYIO AKTUBHOCTD,
ITUTOKUHBI 1 KOTHTUTHBHBIE
CBOMCTBA KPBIC C MOJIEJIBIO BOJIE3SHU
AJIBIITEMIMEPA

B. B. Coxonux!
C.M. IIIlebza2

ry «MHCTUTYT HEBpPOJIOTUU, ICUXUATPUU
u Hapkoygoruu HAMH Vikpanubsr», XapbKoB
ry «IHCTUTYT OUITEeBOY OMOTEXHOJOTUN
u reaomuky HAH Yxkpaunbsl», Kues

E-mail: Shulga5@i.ua

IMenbio uccaeqoBaHUs OBIIO U3YyUYEHUE BIUA-
HUSA JUIOCOMHOM ()OPMBI KYPKYMUHA HA aKTUB-
HOCTh AHTHMOTEHB3UH-IIPEeBpAaIaloero sH3uMa,
IIATOKWHBI I MHECTUUYECKHEe CBOHICTBA KPBIC C 9KC-
MIepUMEHTAJIbHON MOeabio 6ojie3HU AJbIreii-
Mepa. ¥ KHUBOTHBLIX C MHTPATUIOKAMIIAIbHBIM
BBesienneM AP42 Human nmpuMeHSIM HA3alb-
HYIO Tepalunio JUIIOCOMHOUN (POPpMOIi KyPKYyMHUHA.
PerucrpupoBaiu KOHIIEHTPAI[UIO [[UTOKUHOB U
aKTUBHOCTb AHTMOTEH3WHIIPEBPAIIalONIero dH-
3MMa B OT[eJjiaX TOJIOBHOTO Mo3ra (J100H0-(hpoH-
TaJbHAA KOpPa U TUIIOKAaMII) I ChIBOPOTKE KPOBH,
a TaKiKe IIOKa3aTeJu yCJIOBHO-Pe(IeKTOPHOH pe-
akmuu usberanusa. B pesyiabTare Tepanni KypKy-
MUHOM YCTAHOBJIEHO YTHETEeHUE aKTUBHOCTH I[H-
TOKWHOB, aHTMOTEH3UHIIPEBPAIIIAIOIIeT0 dSH3UMA
Y BOCCTAHOBJIEHHE MHECTUUYECKUX IToKasaTeseil
y KpbIc ¢ 6oae3Hbio Anbiireiimepa. HasanbHasa
Tepanus JUIOCOMHON (hopMoii KYPKYMUHA 00Y-
CJIOBUJIA YMEHBIIIeHEe AaKTUBHOCTH AHTMOTEeH3NH-
IIpeBpPAaIaioIero 9H3UMa U aHTUIUTOKUHOBOTO
addeKTa B IeJeBBIX OTAeJaX TOJIOBHOTO MO3Tra
(;1o6HO-(ppoHTATBbHAA KOpPa WM THOIOKAMII), UTO
CII0COGCTBOBAJIO BOCCTAHOBICHUIO MHECTUUECKUX
CBOMCTB U TaMATHU KPBHIC.

Knrmouesvle cnoéa: KypKYMUH, JUIIOCOMBI,

B-aMuJIOUAHBIA MeNTUx, [UTOKWHBI, AHI'MOTEH-
BUHIIPEBPAIAINI S9H3UM.
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