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Â ðîáîò³ ðîçãëÿíóòî ïèòàííÿ ðîçïîä³ëó åêçîãåííîãî N-ïàëüì³òî¿ëåòàíîëàì³íó (NÐE) â ìîçêó
ùóð³â. Êð³ì öüîãî äîñë³äæåíî çì³íè ë³ï³äíîãî ñêëàäó ìîçêó ùóð³â ï³ä âïëèâîì γ-îïðîì³íåííÿ (2 Ãð) òà
ìîæëèâ³ñòü çàñòîñóâàííÿ N-ñòåàðî¿ëåòàíîëàì³íó (NSE) ÿê ïðîòåêòîðà òà àäàïòîãåíà. Ïîêàçàíî, ùî
N-([9,10-3H]-ïàëüì³òî¿ë)åòàíîëàì³í ï³ñëÿ ïåðîðàëüíîãî ââåäåííÿ íàêîïè÷óºòüñÿ â ã³ïîòàëàìóñ³, ã³ïîô³ç³
òà íàäíèðêîâèõ çàëîçàõ, ïðè÷îìó ê³ëüê³ñòü ì³òêè â ìîçêó ùóð³â ñêëàäàº 0,95 % â³ä ââåäåíî¿ ê³ëüêîñò³
ì³òêè. ×åðåç äâà òèæí³ ï³ñëÿ îïðîì³íåííÿ â ìîçêó ùóð³â ñïîñòåð³ãàþòüñÿ çíà÷í³ çì³íè â ë³ï³äíîìó
ñêëàä³. Çîêðåìà, âì³ñò ïàëüì³òèíîâî¿ êèñëîòè ó ôîñôîë³ï³äàõ ìîçêó òà âì³ñò ïëàçìàëîãåííî¿ ôîðìè
ôîñôàòèäèëõîë³íó çðîñòàº, â òîé ÷àñ ÿê ê³ëüê³ñòü â³ëüíîãî õîëåñòåðîëó òà ä³àöèëüíî¿ ôîðìè ôîñôàòè-
äèëõîë³íó çíèæóºòüñÿ. Ð³âåíü 11-ÎÍ-êîðòèêîñòåðî¿ä³â (11-ÎÊÑ) ó êðîâ³ îïðîì³íåíèõ ùóð³â ïîð³âíÿíî ³ç
êîíòðîëüíèìè òâàðèíàìè çíèæåíî. Ââåäåííÿ  NSE ïðîòÿãîì 10 äí³â ïåðåä îïðîì³íåííÿì ïîïåðåäæàº
ïåðåðîçïîä³ë ä³àöèëüíî¿ òà ïëàçìàëîãåííî¿ ôîðìè ôîñôàòèäèëõîë³íó òà íîðìàë³çóº ð³âåíü 11-ÎÊÑ, à
ââåäåííÿ NSE ïðîòÿãîì 14 äí³â ï³ñëÿ îïðîì³íåííÿ çóìîâëþº íîðìàë³çàö³þ ð³âíÿ â³ëüíîãî õîëåñòåðîëó
ìîçêó.

Òàêèì ÷èíîì, íàêîïè÷åííÿ ì³÷åíîãî NÐE â ìîçêó ñâ³ä÷èòü ïðî ïðîíèêíåííÿ ö³º¿ ñïîëóêè ÷åðåç
ãåìàòîåíöåôàë³÷íèé áàð’ºð, ùî ïðèïóñêàº ìîæëèâó ðîëü íàñè÷åíèõ N-àöèëåòàíîëàì³í³â ó ôóíêö³îíóâàíí³
ìîçêîâèõ ñòðóêòóð, çîêðåìà â ðåãóëÿö³¿ ñòðåñîâî¿ â³äïîâ³ä³  îðãàí³çìó ã³ïîòàëàìî-ã³ïîô³çàðíî-àäðåíàëî-
âîþ ñèñòåìîþ. Ââåäåííÿ NSE îïðîì³íåíèì ùóðàì âèÿâëÿº àäàïòîãåííèé åôåêò â³äíîñíî çì³í ó ë³ï³äíî-
ìó ñêëàä³ ìîçêó òà ð³âí³ 11-ÎÊÑ ñïðè÷èíåíèõ âïëèâîì γ-îïðîì³íåííÿ òà çóìîâëþº ìîäèô³êàö³þ æèðíî-
êèñëîòíîãî ñêëàäó ôîñôîë³ï³ä³â.

Ê ë þ ÷ î â ³  ñ ë î â à: N-àöèëåòàíîëàì³íè, ã³ïîòàëàìî-ã³ïîô³çàðíî-àäðåíàëîâà ñèñòåìà, X-îï-
ðîì³íåííÿ, ìîçîê.

Effect of ionizing radiation on the brain is of
great interest for many researchers. Mamma-
lian brain is relatively radioresistant but ir-

radiation can lead to progressive mental disturbance,
cognitive impairments and neurological abnormali-
ties [1,2]. Low doses of irradiation (1–2 Gy) caused
hypothermia and fever as a result of a direct effect
on the rat brain [3]. These negative changes are a
consequence of alterations which occurred during most
biochemical processes in brain tissues. However,
changes observed almost depend on radiation dose
and time after irradiation. Thus, apoptotic death of
different types of brain cells under irradiation [4–6]
is a result of elevated level of active oxygen species
that causes the stimulation of stress-induced protein
kinase [7] and the activation of the whole signal
cascade [6], and apoptosis through a p53-dependent
pathway [8,9]. On the other hand, X-ray radiation
causes a prolonged reduction of cell proliferation [10].
The mutations appeared because of the decreasing of

methylation level of nucleotides [11] and arising of
double strand break under the impact of free radicals
which were actively generated as a consequence of
arising/repeated irradiation doses (2–32 Gy) [12,13].

Inflammation of brain tissues is another drastic
fact of irradiation. The inflammation occurs as a
result of activation of the synthesis of proinflamma-
tory mediators (TNF-α, IL-1 β, IL-6, iNOS) and
induction of adhesion molecules (ICAM-1) on the
first stages after irradiation [14,15]. Moreover, the
cyclooxygenase-2 activity and, respectively, the pros-
taglandin E2 and tromboxane level are significantly
elevated in the central nervous system that promotes
inflammation process too. In addition, the change of
the neuromediator and catecholamine content and
disturbance of signal transduction took place imme-
diately after irradiation injury of the brain [16–18].

It is necessary to emphasize the role of the
activation of oxidative processes, free radical accu-
mulation and disturbance of lipid metabolism among
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other fatal consequences of the X-ray exposure in
the brain [19]. The activity of antioxidant enzymes
such as superoxide dismutase, glutathione peroxidase
and catalase were increased and the level of lipid
peroxidative products was decreased in the brain cor-
tex after the whole body X-irradiation [20,21]. At
the same time S. Ono with co-authors noticed in-
significant changes in lipid peroxidation processes in
murine brain after whole-body γ-radiation [22].

All the above changes reflect either brain injury
or the developing of adaptive reaction in response to
the damage effect of irradiation. The system which
regulates the mammalian organism adaptation to stress
comprises hypothalamus, pituitary and adrenal gland.
The multiple pituitary hormone deficiencies depend
primarily on the dose received rather than the time
interval after irradiation [23]. Corticosteroids pro-
duced in the adrenal glands are high-potent meta-
bolic regulators and the development of adaptive reac-
tions significantly depends on them. Adrenal func-
tions are activated and corticosteroid level in serum
is markedly increased in short time after exposition
of animal to different doses of X-ray irradiation [24–
26]. But there is no unequivocal data about adrenal
enzymes activity in a rather long term after irradia-
tion [27,28].

N-acylethanolamines (NAE) are cell minor
lipids which have high biological activity, possess pro-
tective effect under the action of different toxic fac-
tors, ischemic damage and/or under stress state or
other injuries [29–33]. Among numerous biological
characteristics of NAE it is necessary to note their
antioxidative effect under the ischemic and neuro-
toxic brain damage [29,34]. Both saturated and un-
saturated NAE affect adrenal cortex function. They
modulate steroidogenesis and thus can influence some
biochemical processes [35]. One of the NAE name-
ly anandamide [36] and some other congeners [37]
are endogenous ligands for cannabinoid receptors (CB-
receptors), which are widely distributed in the cent-
ral nervous system and other mammalian tissues [36].
It was hypothesised the existence either of a new
type of CB-receptor – CB-n or a binding site for
saturated NAE [38,39]. Recently CB-like receptors
has been found in the adrenal gland. Little is known
about the involvement of NAE in adaptive responses
to irradiation.

Changes induced by X-ray radiation depended
on elapsed time after exposure and a dose. A lot of
parameters which were found to be changed in a
short time after low doses of radiation treatment were
restored and the significant adaptive changes appeared
as some time passed after the exposure. The altera-
tions of the brain lipid composition and functional
state of the adrenal cortex of mammals 2 week after
X-ray exposure are poorly studied. A possibility to
correct these negative changes with nature mem-

brane protective compounds namely NAE which have
adaptogenic properties is not investigated too. Fur-
thermore, the metabolism of exogenous saturated
NAE in the rat brain and adrenal gland is insuffi-
ciently known. In view of the aforesaid the aim of
the present study was to investigate the regional dis-
tribution of N-palmitoylethanolamine (NAE16:0) in
the rat brain tissues and in the adrenal gland; to
estimate changes of lipid content which were caused
by 2 Gy X-ray exposition and to study the protec-
tive effect of N-stearoylethanolamine (NAE18:0) un-
der these conditions.

Materials and Methods

The studies were carried out on the 3-month
aged males of Wistar rats with the weight 150–200 g.
All procedures involving animals were performed in
accordance with approval of the Institutional Animal
Care and Use Committee in our Institute. Animals
on arrival in our animal care facility were main-
tained in colony rooms with average light/dark cyc-
les and constant temperature and humidity. Animals
were fed and watered ad libitum.

For administration, NAE16:0 and NAE18:0 were
dispersed in distilled water by sonication and given
to rats per os in all experiments.

Study of the N-([9,10-3H]-palmitoyl)-
ethanolamine distribution. The laboratory synthesis
of the N-([9,10-3H]-palmitoyl)ethanolamine
(3H-NAE16:0) was performed as described before [40].
The specific NAE16:0 radioactivity was ~5.0 mCi/mg.
To study the 3H-NAE16:0 distribution over the brain
regions it was administered to rats per os (~100 mCi,
3.3⋅10-5 mol/100 g of body weight). Rats were anes-
thetized by an intraperitoneal injection of sodium
ethaminal (50 mg/kg) and sacrificed 20 min later.
The hypothalamus, brain cortex, white matter, cere-
bellum, brain stem, pituitary and adrenal glands were
excised and immediately frozen in liquid nitrogen
and stored in it until analyzed. Data are means of
three different experiments.

Lipid extraction from separated brain regions
and adrenal gland was performed by the E. Bligh &
W. Dyer method [41] with F. Palmer recommenda-
tion for more complete extraction of anionic phos-
pholipids [42]. Tissues frozen in liquid nitrogen were
grinded in a pounder before lipid extraction. Lipid
extracts obtained were dissolved in benzene and stored
at -20 °C. The separation of lipid classes was per-
formed by one-dimensional TLC on plates 6x9 cm
with L-5/40 silicagel («Lachema», Czech) using the
following systems of solvents: chloroform – metha-
nol – ammonium hydroxide (38%) (80:20:2) (v/v)
for NAE identification [43] and hexane – diethyl
ether – acetic acid (85:15:1) (v/v) for isolation of
phospholipids (PL), free cholesterol (FChol), free
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fatty acids (FFA), triglycerides (TG) and cholesterol
esters (CE). Aliquots from the lipid extracts and spots
of lipid classes scraped from TLC plates were added
directly to the scintillation vials with scintillation
cocktail for non-aqueous solutions. Radioactivity was
measured by the scintillation counter Tracor Analytic
(«Delta 300», USA).

X-ray treatment of animals. The irradiation treat-
ment was made using the cobalt teletherapy unit
(RUM-17) (Russia) at the R. E. Kavetsky Institute
of Experimental Pathology, Oncology and Radiobi-
ology. Unanaesthetised animals were restrained at
the well-ventilated boxes and exposed to deliver the
whole body dose 2 Gy (1.33 Gy per min). The
animals were divided into five groups: the first “Con-
trol” group (7 rats) included intact animals, the second
group – “Irradiation” of the animals (10 rats) were
treated by single-shot ionizing irradiation with 2 Gy
dose. The animals of the third group “NAE18:0 pre-
treatment” (10 rats) received NAE18:0 per os (50 mg/kg)
daily for 10 days and then were irradiated with a
dose of 2 Gy two hours after the last NAE18:0 adminis-
tration. The animals of the fourth group “NAE18:0

post-treatment” (10 rats) were irradiated with a dose
of 2 Gy and then NAE18:0 was administered them per
os (50 mg/kg) daily for 2 weeks. In this group the
first NAE18:0 administration was made two hours af-
ter the irradiation. The irradiated rats were sacrificed
on the 14th day after irradiation. The animals of the
fifth group “NAE18:0 control” (6 rats) were adminis-
tered NAE18:0 per os (50 mg/kg) daily for 2 weeks
before sacrificing. The rat brain was excised, frozen
in liquid nitrogen immediately and stored in it until
analyzed.

Lipid extraction and examination procedures.
Lipid extraction from the whole brain homogenates
was performed as described above. The separation of
lipid classes was performed by one-dimensional TLC
on the L-5/40 silicagel («Lachema», Czech) with
the following system of the solvents: hexane – di-
ethyl ether – acetic acid (85:15:1) (v/v) for isolation
of PL, FChol and CE. Phospholipids as well as
plasmalogen and diacyl forms of phosphatidylcho-
line (PC) and phosphatidylethanolamine (PC) were
separated by two-dimension TLC on plates 6x6 cm
with silicagel KSK-2 (Russia) and measured by the
colorimetric method [44]. The following systems of
solvents were used:

1) for phospholipids separation: chloroform –
methanol – benzene – ammonium hydroxide (38%)
(65:30:10:6) (v/v) in the first direction; chloroform –
methanol – benzene – acetone – acetic acid –
water (70:30:10:5:4:1) in the second one [45];

2) for plasmalogen and diacyl forms of PC and
PE separation: chloroform – methanol –ammoni-
um hydroxide (38%) (65:35:5) (v/v) in the first di-
rection; 3 M HCl in methanol in the second one for

plasmalogens degradation and chloroform – metha-
nol – benzene – acetone – acetic acid – water
(100:40:20:20:10) in the second direction for sepa-
ration [46].

The methyl esters of fatty acids esterified into
the phospholipids were derived by the Christie method
[47] and were analyzed by GLC by the chromato-
graph HRGC 5300 Carlo Erba (Italy).

Protein was mensurated by the Lowry method
[48]. The amount of the thiobarbituric acid reactive
substances (TBARS) was measured as described [49].

Determination of 11-hydroxycorticosteroids (11-
HOCS). Rat blood plasma was obtained by centrifu-
gation of 1000 g of the citrated blood. Adrenal glands
were stored at -20 °C until analyzed. The 11-hy-
droxycorticosteroids (11-HOCS) in the plasma and
the adrenal tissue were determined by a spectrofluo-
rimeter HITACHI MPF-4 [50].

Statistical analysis. A comparison of the means
± SEM from different studied groups was done using
one-way analysis of variances, and two-tailed Stu-
dent’s t-test. An analysis of Contingency Tables was
performed by Fisher’s Exact Test. Differences with
p-value < 0.05 were considered as statistically signifi-
cant. Programmes GraphPad Prism 4.0 and the
Origin 7.0 (OriginLab Corporation) were used for
statistical data analysis.

Results and Discussion

The first experiment was aimed to study the
biodisposition of 3H-NAE16:0 in the rat brain regions
20 min after its per os administration. Generally,
about 0.95% (0.4 mCi) of 3H-NAE16:0 administered
to rats was found in the brain. Accumulation of la-
belled NAE16:0 in different rat brain regions and in
the adrenal glands is shown in Table 1. The highest
accumulation of the label per g of tissue was ob-
served in the hypothalamus and pituitary gland. The
considerable relative amount of the label was also
found in the adrenal glands. However, the difference
between the label accumulation in the pituitary gland
vs brain cortex and hypothalamus vs brain cortex
reached 1.8⋅103 and 4.1⋅103 times, respectively.

Presence of the labelled NAE in the brain
(~98 ng/mg of brain tissue) demonstrated the ability
of NAE16:0 to penetrate through the blood-brain bar-
rier. The biodisposition of NAE16:0 in the mammali-
an brain has not been studied. K. Willoughby et al.
showed that 1–30 min. after the intravenous injec-
tion of 3H-anandamide (3H-NAE20:4ω6) to mice
(50 mg/kg) the quantity of the label accumulated in
the whole brain was about 20 ng/mg of tissue howe-
ver, the most part of 3H-NAE20:4ω6 was catabolized
[51]. In most recent paper F. Oveisi with co-authors
denoted that no elevation of N-oleoylethanolamine
(NAE18:1ω9) amount was detected in the brain 4 hours
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after its oral administration [52]. It should be em-
phasised that this experiment was carried out with 4
hour’s interval after NAE18:1ω9 administration and
that metabolism of unsaturated NAE is faster than
that of saturated ones. The evidence of the latter is
our data that 20 min. after NAE16:0 administration
about 90% of a label remained as NAE (Table 2)
whereas 1–30 min. after 3H-NAE20:4ω6 injection 90%
of it was metabolized [51]. The analysis of 3H-NAE16:0

incorporation into different brain regions and adre-
nal glands in vivo displayed the considerable accu-
mulation of the label in the hypothalamus, pituitary
and adrenal glands which have exceptional impor-
tance for regulation of homeostasis and organism
adaptation. The relative level of the label in the in-
dividual brain regions can be arranged as follow:
hypothalamus > pituitary gland > brain stem > white
matter> cerebellum> brain cortex (Table 1). Hence,
a part of the label incorporated into the regulatory
brain regions was higher than that accumulated in
the other ones. The hypothalamus and pituitary gland
are two of the most important regulatory organs of
mammalian organism. There are a lot of different

T a b l e  1. Biodisposition of the label and N-([9,10-3H]-palmitoyl)ethanolamine in the rat brain regions and
adrenal glands within 20 min after its administration

lebaL
snagrO

sumalahtopyH
yratiutiP

dnalg
lanerdA

sdnalg
etihW
rettam

niarB
mets

mullebereC
niarB
xetroc

,tnuomalebaL
eussitfogm/iCn 155.61 121.7 152.0 321.0 620.0 110.0 400.0

3a EAN-H 0:61 ,
eussitfogm/lomp 9.68301 3.8402 4.58 9.46 2.011 4.7 2.2

Notes:  a 3H-NAE16:0 – N-([9,10-3H]-palmitoyl)ethanolamine.

receptors in the hypothalamus including CB-recep-
tors. It is well known that the hypothalamus joins
and coordinates the regulatory functions of the nervous
and endocrine systems, for example, by formation
of the hypothalamic-pituitary-adrenal axis etc. In
particular, corticotrophin-releasing-factor (CRF) is
synthesized in the hypothalamus. The ACTH secre-
tion in the pituitary gland and adrenal gland activity
depends on CRF. The huge accumulation of 3H-
NAE16:0 in the hypothalamus, pituitary and adrenal
glands is an important fact which allows us to sup-
pose that NAE16:0 can affect the functioning of the
hypothalamic-pituitary-adrenal system.

The most quantity of 3H-NAE16:0 remained non-
metabolized (~90%) in the hypothalamus, brain
steam, white matter, brain cortex and adrenal glands
20 min after treatment (Table 2). In contrast, ap-
proximately 1/3 of a label was metabolized in the
cerebellum and in the pituitary gland. The radioac-
tivities of free fatty acid (FFA), triacylglycerol (TG),
cholesterol ester (CE) and phospholipid (PL) frac-
tions were evaluated in different brain regions. The
radioactivity was not found at the zone which coin-

T a b l e  2. Label distribution in individual lipid classes in different rat brain regions and adrenal gland within
20 min after N-([9,10-3H]-palmitoyl)ethanolamine administration to rat (% of total label content in each
tissue)

snagrO
sdipiL

a 3 EAN-H 0:61
b EPAN sdipilohpsohP

yttafeerF
sdica

sedirecylgirT
loretselohC

sretse

sumalahtopyH 1.59 6.1 1.2 9.0 1.0 1.0

dnalgyratiutiP 2.27 3.2 0.3 6.2 4.5 3.41

metsniarB 6.39 0.4 0.2 4.0 0.0 0.0

rettametihW 7.29 1.2 4.3 8.1 0.0 0.0

mullebereC 1.66 6.6 2.9 1.4 5.31 6.0

xetrocniarB 0.89 0.0 0.2 0.0 0.0 0.0

sdnalglanerdA 0.58 2.4 9.4 4.2 9.1 7.1
Notes:  a 3H-NAE16:0 – N-([9,10-3H]-palmitoyl)ethanolamine;  b NAPE – N-acylphosphatidylethanolamines.
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cides with Rf of free cholesterol. It was surprising to
find the significant amount of the label (1.6–6.6%)
in a zone with Rf which corresponds to N-acylphos-
phatidylethanolamine (NAPE) – the endogenous
precursor of NAE [53].

 Incorporation of the label into different lipid
classes of the rat brain regions and adrenal glands
(Table 2) allows us to hypothesize the existence of
metabolic conversion of exogenous NAE in mam-
malian tissues. One can suggest that NAE16:0 in tis-
sues can be hydrolyzed by amidohydrolases and the
formed labelled palmitoyl can reacylate and label
other lipid molecules [53]. The label presence in the
zone corresponding to Rf of free fatty acids may
serve as an evidence in favour of this suggestion (Table 2).

It can be supposed that NAE16:0 administered
into the organism may be condensed with endoge-
nous phosphatidic acid (PA) with formation of
N-palmitoylphosphatidylethanolamine (NPPE). After
that the palmitoyl can be involved into the reacyla-
tion-deacylation cycle and then may be transferred
to more stable phospholipids. It is well known that
NAPE hydrolysis by phospholipase of D-type (PLD)
with following NAE and PA formation occurs under
pathological conditions in the presence of high con-
centration of Ca2+-ions [54]. It is not excluded that
this enzyme under normal physiological conditions
can function in reversed direction to condensate exo-

genous NAE16:0 and endogenous PA (Fig. 1) with
NPPE formation. We found a label on TLC plates
in the zone which corresponded to Rf of NAPE.
This fact may serve as an indirect evidence of this
hypothesis. The possibility of enzyme functioning
in the reverse direction to NAE synthesis was shown
by the group of prof. H. H. Shmid and other re-
searchers [55,56]. But another type of PLD – phos-
phatidylcholine specific phospholipase D cannot func-
tion in reverse direction therefore our suggestion re-
quires further experimental investigations. However,
the other pathway when NAE16:0 is hydrolyzed and
palmitoyl is utilized to form other lipid molecules
cannot be excluded.

The following part of our work was to evaluate
the protective properties of saturated NAE under ioni-
zing irradiation.

The development of the stress reaction was caused
by the ionizing irradiation treatment. One of the
important parameters which characterize adaptive
response of an organism is 11-HOCS level in the
blood. The results of 11-HOCS determination in
the blood and adrenal gland tissue are shown in
Fig. 1. 11-HOCS level in the adrenal tissue 2 weeks
after irradiation was not changed. The amount of
11-HOCS in the adrenal glands was essentially (more
than 2 times) increased when NAE18:0 was treated for
10 days before irradiation. The 11-HOCS content

M. ARTAMONOV, O. ZHUKOV, I. SHUBA et al.

Fig. 1. Possible mechanism of N-palmitoylethanolamine incorporation into the phospholipids.
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in the blood was about 2 times decreased after the
irradiation (Fig. 2). This alteration was prevented by
NAE18:0 pre-treatment.

The decrease of 11-HOCS content in the blood
two weeks after the irradiation (Fig. 2) can be con-
sidered as a sequence of corticosteroid metabolism
acceleration because its content in the adrenal tissue
did not change under these conditions. Furthermore,
such changes may be an after-effect of down-regu-
lating of the hypothalamus-pituitary-adrenocortical
axis functions [18] or of decreasing of adrenal 21-hy-
droxylase activity [27]. On the other hand, the de-
creasing of the 11-HOCS blood level may be im-
plied with reduction of CRF or ACTH synthesis
because of possible damage of the regulatory brain
centres by irradiation [57]. NAE18:0 pre-treatment of
rats restored 11-HOCS level in the blood probably
either due to the protective effect of NAE18:0 on the
adrenal tissue or due to the activation of steroido-
genesis by NAE18:0 [35]. Also, the pre-treatment with
NAE18:0 can exert the radioprotective effect on the
hypothalamus and pituitary gland. NAE18:0 post-treat-
ment was less effective than NAE18:0 pre-treatment
with respect to 11-HOCS content in the blood plas-
ma and in the adrenal glands. These suggestions are
in accordance with well-known data about activation
of adrenal cortex function by NAE under the stress
conditions [35].

Protective effect of NAE18:0 can be also explained
by the direct influence of this compound on cell
membranes. It is well known, that NAE easily

interacts with a cell membrane in a hydrophobic
manner. Besides, this effect can be a result of the
adrenocorticocyte membrane lipid composition
changing that can cause the changes of membrane
receptor activity (including cannabinoid receptors).
On the other hand, there are some data that NAE18:0

possesses signalling activity and may have specific
binding sites on the plasma membrane and can af-
fect the activity of some enzymes such as adenylat-
cyclase and NO-synthase [58].

There were no changes of TBARS content in
the adrenal tissue 2 weeks after the irradiation. Howev-
er, their level in the brain was two-times increased,
but not statistically significant (Table 3). The amount
of TBARS in the brain tissue was not changed when
NAE18:0 was post-treated. The effect of NAE treat-
ment before irradiation was more prominent and
caused the decrease of the TBARS content in com-
parison with control and irradiated groups. The cat-
alase activity also was not altered in brain of irradiat-
ed and treated with NAE rats (Table 3).

The TBARS level in the brain and adrenal
gland tissues was not significantly changed within
two weeks after the whole-body irradiation (Table 3).
F. S. Erol and co-workers specified the elevation of
TBARS content in parietal cortices within ten days
after the irradiation [59]. We showed that NAE18:0

pre-treatment had an antioxidative effect on brain
tissue because in the brain of animals, which re-
ceived NAE18:0 before irradiation, the amount of
TBARS was lower (Table 3) as compared to that of
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Fig. 2. The content of 11-OH-corticosteroids in the adrenal tissue (nmol/g of tissue), A; in blood of irradiated
rats (nmol/l), B. Notes: * – p < 0.05 compared with “Control” group; # – p < 0.05 compared with
“Irradiation” group;   a NAE18:0 – N-stearoylethanolamine.
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T a b l e  3. Content of the thiobarbituric acid-reactive substances (TBARS) in the brain (μmol/g of tissue) and
adrenal gland homogenates (nmol/g of tissue), catalase activity in the brain (ncat/g of tissue)

Notes: * – p < 0.05 compared with “Control” group; # – p < 0.05 compared with “Irradiation” group; a NAE18:0 –N-
stearoylethanolamine.

irradiated rats. These data confirm well-known mem-
brane protective and antioxidative effects of NAE. As
it was previously shown in our laboratory and by
other researchers, NAE inhibited Fe2+-induced oxi-
dative damage of heart mitochondria [60] prevented
damage action of veratridine on neubroblastoma cell
membrane [61], decreased the level of POL prod-
ucts under metastatic Lewis carcinoma and under
hypoxia injury [62,63].

Ionizing radiation did not change the total pro-
tein and phospholipid content in the brain (these
results are not shown). The analysis of the brain
individual phospholipids did not reveal any essential
alterations after the irradiation (Table 4). The lyso-
phosphatidylcholine (LPC) level was diminished in
case when NAE18:0 was pre-treated. NAE18:0 treat-
ment after the irradiation did not affect the phos-
pholipid composition of the brain.

In addition, the content of minor phospholipids
such as N-acylated phospholipids namely N-acyl-
phosphatidylserine (NAPS) and NAPE, as well as
diphosphatidylglycerol (DPG) and phosphatidylgly-
cerol (PG), was measured in the rat brain but these
phospholipids were defined only in a part of rats.

For example, NAPS and DPG were detected in
14.3% of intact animals, in 50% of animals from
the group “Irradiation”, in 30% of animals from the
group “NAE18:0 pre-treatment”, in 70% of animals
from the group “NAE18:0 post-treatment” and in 20%
of animals from the group of “NAE control”. NAPE
was measured in 14%, 30%, 20%, 40% and 20% of
animals of the corresponding groups and PG was
determined in 14.3%, 60%, 30%, 60% and 20% of
evaluated animals of respective groups. Analysis Con-
tingency Tables using Fisher’s Exact Test (programme
GraphPad Prism 4.0) indicated that the occurrence
of NAPS as well as that of DPG were statistically
significant only in the group “NAE18:0 post-treat-
ment”.

The balance between plasmalogen and diacyl
forms of PC was shifted towards more of the plasma-
logen form in the brain of irradiated rats (Table 5).
These changes were prevented as a result of the
NAE18:0 pre-treatment. PE was found at the equal
quantities in its diacyl and plasmalogen forms and
this proportion was not altered under the irradiation
or NAE18:0 treatment.

The decreasing of the PC diacyl form level

T a b l e  4. Brain phospholipid composition of control and irradiated rats (10-8 mol/mg of protein)

Notes: * – p < 0.05 compared with “Control” group; a – NAE18:0 – N-stearoylethanolamine.
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T a b l e  5. Content of phosphatidylcholine and phosphatidylethanolamine plasmalogen and diacyl forms in the
brain of control and irradiated rats (% of sum of diacyl and plasmalogen forms)

Notes: * – p < 0.05 compared with “Control” group; #  – p<0.05 compared with “Irradiation” group; a – NAE18:0 –
N-stearoylethanolamine.

T a b l e  6. The content of fatty acid esterified into brain phospholipids of control and irradiated rats (% of
total fatty acid amount)

Notes: * – p<0.05 compared with “Control” group; # – p<0.05 compared with “Irradiation” group; a NAE18:0 –
N-stearoylethanolamine.

under irradiation may indicate the disturbance of
phospholipid synthesis and of reacylation-deacyla-
tion processes in the brain tissue (Table 5). On the
other hand, ionizing radiation changed membrane
physicochemical properties [64]. NAE18:0 prevented
these changes and thus revealed the membrane-sta-
bilizing and antioxidative properties. As it is shown
in tables 1 and 2 the long-chain saturated NAE can
penetrate through blood-brain barrier and act direct-
ly on the brain cell membrane. A. Ambrosini and
D. Epps with co-authors described the fact of lipid
membrane stabilisation by NAE [65,66].

The analysis of fatty acids esterified into the
phospholipids showed that the amount of the pal-

mitic acid (C16:0) increased after the irradiation, while
NAE18:0 treatment did not affect its level (Table 6,
the fatty acids which amounts did not exceed 1% of
total quantity are not presented). The amount of the
oleic acid (C18:1ω9) increased and the level of the
isopalmitic one (iC16:0) was decreased in the group
“NAE18:0 post-treatment”.  The amount of some mi-
nor fatty acids such as isostearic (iC18:0), eicosanoic
(C20:0), docosamonoenoic (C22:1ω11) and docosatrienoic
(C22:3ω9) esterified into the phospholipids were de-
creased in the brain of animals treated with NAE18:0
both before and after irradiation in comparison with
non-irradiated rats.

The fatty acid range of total brain phospholi-
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pids (Table 6) was almost not changed after irradia-
tion. The percentage of the palmitic acid was slightly
increased. That could be a result of the decrease of
unsaturated acids percentage in phospholipids that
can cause the abnormality of saturated/unsaturated
fatty acids ratio. The NAE18:0 administration modi-
fied minor fatty acid composition of brain phos-
pholipids. The amount of C22:1ω11 and C22:3ω9 was
decreased and the level of C18:1ω9 and C20:1ω11 was
increased under NAE18:0 treatment. That may indi-
cate inhibition of elongation and desaturation proces-
ses of unsaturated fatty acids ω9-, ω11-series. The
diminishing of iC16:0, iC18:0 and C20:0 levels can be a
result of C16:0 accumulation and probably of depres-
sion of saturated fatty acids elongation. Such NAE
effect can be explained by direct NAE18:0 influence
on the brain cell membrane, modification of their
physicochemical properties [65,66] and as a result of
activity of membrane-associated proteins, in particu-
lar, functioning of lipid metabolism enzymes (fatty
acid elongases and desaturases, different types of
phospholipases, plasmalogenase etc.).

The contents of free cholesterol and its esters
were also studied for more complete characteristic of
changes which occurred in lipid components of the
brain cell membranes of the irradiated animals
(Fig. 2). The amount of free cholesterol in the brain
of the irradiated rats was significantly diminished.
This alteration did not appear when animals were

treated with NAE18:0 after the irradiation. However,
the cholesterol ester level was drastically increased
in this group.

The decreasing of free cholesterol amount also
can reflect the damage effect of X-ray radiation on
brain cell membranes (Fig. 2). NAE18:0 post-treat-
ment eliminated this change. These data confirm
the reparative and protective characteristics of this
compound.

The increasing of cholesterol ester level in the
brain of animals post-treated with NAE can be exp-
lained by the increasing of free cholesterol. The
amount of the brain cholesterol esters consisted of
less than 1% of free cholesterol amount, that is why
negligible variations of nonesterified cholesterol quan-
tity could cause significant changes in cholesterol
esters level. Besides, this fact can be elucidated by
membranotrophic properties of NAE. NAE18:0 could
affect membrane bounded enzymes of cholesterol
esters metabolism such as acyl-CoA:cholesterol acyl-
transferase and cholesteryl ester hydrolase.

Thus, the results of this study showed that dif-
ferent brain regions and adrenal glands may be a
target for exogenous saturated NAE. The observed
decrease of 11-HOCS content in the rat blood and
changes of brain lipid composition such as, shifting
of the balance between plasmalogen and diacyl forms
of PC, increasing of the palmitic acid amount, de-
creasing of free cholesterol amount might be conside-
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Fig. 3. Effect of NAE on the content of cholesterol in the brain of irradiated rats (μmol/ g of tissue). Notes:
* – p < 0.05 compared with “Control” group;  # – p < 0.05 compared with “Irradiation” group;  a NAE18:0 –
N-stearoylethanolamine.
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red as compensatory post-radiation perturbations of
brain metabolism within two week after the irradia-
tion. It was established that NAE18:0 possesses adap-
tive properties under X-ray irradiation. NAE treat-
ment caused the reduction of irradiation-induced
changes in phospholipid composition, redistribution
of fatty acids and free cholesterol content. It was
shown that the animals treated with NAE18:0 were
significantly affected adrenal function that was al-
tered after the irradiation. The considerable accumu-
lation of labelled NAE16:0 in different brain regions
gives the opportunity to speculate about possible role
of saturated long-chain NAE in the brain functioning
and in the regulation of response of the hypothala-
mus-pituitary-adrenal axis to the stress. Furthermore,
the protective effect of NAE18:0 under X-ray irradia-
tion and under other neurodegenerative states allows
us to suppose that this compound may be useful in
pharmacotherapy of neurodegenerative changes.

INCORPORATION OF LABELLED
N-ACYLETHANOLAMINE (NAE) INTO
RAT BRAIN REGIONS IN VIVO AND
ADAPTIVE PROPERTIES OF
SATURATED NAE UNDER X-RAY
IRRADIATION

M. Artamonov1, O. Zhukov1, I. Shuba2,
L. Storozhuk2, T. Khmel1, V. Klimashevsky1,
A. Mikosha2, N. Gula1

1 Palladin Institute of Biochemistry, National
Academy of Sciences of Ukraine, Kyiv;

2 Komisarenko Institute of Endocrinology and
Metabolism, Academy of Medical Sciences

of Ukraine, Kyiv, Ukraine
e-mail: artamon@biochem.kiev.ua

S u m m a r y

Regional distribution of exogenous N-palmi-
toylethanolamine in the rat brain was investigated in
the study. Possible protective and adaptive effect of
N-stearoylethanolamine under 2 Gy whole-body
X-irradiation and changes of brain lipid composi-
tion were also studied. It was found that after per os
administration to rats N-([9,10-3H]-palmitoyl)-
ethanolamine was primarily accumulated in hypotha-
lamus, pituitary and adrenal glands and the label
amount in brain was 0.95% of the oral dose. Quan-
tities of palmitic acid in total brain phospholipids
and plasmalogen form of phosphatidylcholine were
increased; free cholesterol and diacyl form of phos-
phatidylcholine were decreased in 2 weeks after irra-
diation. 11-OH-corticosteroid level in the blood of
exposed rats was decreased in comparison with con-
trol animals. N-stearoylethanolamine pre-treatment
prevented from increasing the plasmalogen form of

phosphatidylcholine and decreasing its diacyl form
and restored 11-OH-corticosteroid level in the blood
of irradiated rats. Recovering of brain free cholesterol
level was observed when N-stearoylethanolamine was
post-treated. So, the accumulation of N-([9,10-3H]-
palmitoyl)ethanolamine in brain indicates its pene-
tration through blood-brain barrier and suggests the
possible role of saturated N-acylethanolamines in
brain functioning, particularly, in stress response regu-
lation of the organism by hypothalamus-pituitary-
adrenal system. N-stearoylethanolamine treatment
of irradiated rats causes protective effect concerning
the of irradiation induced changes in the brain lipid
composition and in 11-OH-corticosteroid level and
modifies phospholipid fatty acid composition.
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