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It is known that higher saturated fatty acids (HSFA) having the lipotoxicity, play an important role in the development of non-alcoholic
steatohepatitis (NASH), however, the results of research of cholesterol and HSFA in the liver with NASH of varying severity, as obtained
by high performance liquid chromatography-mass spectrometry (HPLC-MS), have not been published yet.

The aim is to investigate the indicators of cholesterol, stearic and palmitic acids in the liver of the deceased patients suffering from
non-alcoholic steatohepatitis with varying degrees of severity, and to compare them with indicators of blood plasma during the life of
these patients.

Materials and methods. The conducted parallel posthumous pathomorphologic and HPLC-MS analysis of the liver of 25 patients, aged
53-88, who suffered during the life time of NASH and 10 deceased patients without the evidence of NASH, as well as a retrospective
analysis of clinical and laboratory data in the medical records of these patients.

Results. It is found that the level of cholesterol in the liver increases from 0.42 (0.11; 4.49) mg/g to 7.10 (5.03; 8.25) mg/g (U=3.000;
p=0.016) with increasing severity of NASH from S0 to S3. A statistically significant relationship between the content in the liver of stearic
and palmitic acids takes place in patients with NASH (y =0.681; p=0.001). Between the severity of NASH (y), as well as the elevated
level of palmitic (x,) and stearic (x,) acids in the liver the significant relationship (y=0.83x; R?=0.33 and y=1.13x,; R?=0.37) takes place.

Conclusions. In patients with the severe S3 mixed NASH periportal and intermediary zones of the liver lobules (LL) the significantly
increased levels of stearic and palmitic acids in the liver were observed. In the severe combined total S3 NASH there is a statistically
significant correlation between the severity of steatohepatitis (y), and cholesterol in the liver (x,) and cholesterol (x,) in the blood plasma
(y=0.36x +0.10x,; R*=0.91). In the severe S3 macrovesicular NASH of central and intermediate zones of LL a positive correlation
between the elevated levels of total cholesterol in the blood plasma and high-density lipoproteins takes place.
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BwmicT xo/1ecTepuHY, CTEAPHHOBOI TA NMAJIBMITHHOBOI KHCJIOT y NEeYiHIi IPH HEaJIKOroJ1bHOMY CTeaTOrenaTuTi
Pi3HOrO CTyNeHs TAXKKOCTI 32 JaHUMH BHCOKOe()eKTHBHOI PiIMHHOI XPOMATO-MAC-CIEKTPOMeTPii
B. O. Tymancorxuii, C. B. @env, b. O. Bapuncvruti

Binomo, Hacuueni Buiii sxupHi kuciaotu (HBXKK), 1110 BosoitoTh JiMOTOKCHYHICTIO, BiIIrPatOTh BAXKJIMBY POJIb Y PO3BUTKY HEATKO-
roisHoTO crearorenatnty (HACT), omHak pe3yasrary fociiukeHs BMicTy xonecrepuny tTa HBXKK y meuinmi mpu HACT pisnoro cTynens
TSDKKOCTI, KOTP1 OZIeprKaHi METoJaMi BHCOKOE(EKTUBHOI piAIMHHOT XpoMaro-Mac-criekrpomeTpii (BEPX-MC), moku He ormyOrikoBaHi.

MeTta po60TH — TOCTIIUTH ITOKA3HUKU PIiBHS XOJIICCTCPUHY, CTEAPHHOBOI Ta MaJbMITHHOBOI KUCIIOT Y MEYiHI[l IIOMEPIINX XBOPHUX,
SIK1 CTPaXKIAJIU Ha HEaJIKOTOIBHUI CTEaTOrenaTuT Pi3sHOTO CTYIEHS TSHKKOCTI, 1 MOPIBHATH iX 13 MOKa3HUKAaMU IUTa3MHU KPOBI 32 YKUTTA
LUX Malli€HTIB.

Marepiayii Ta MeTOAM. 30IHCHIIN apanensHuil HocMepTHHIA natomopgorioriunuit i BEPX-MC ananis neuinku 25 momepnux 53—-88
poxiB, siki cTpaxaanu 3a xuttst HACT, i 10 momepinux nawienTis 6e3 o3nak HACT, a Tako)k peTpoCHeKTHBHUI aHali3 KiiHiKo-1abopa-
TOPHHX JJAHHUX B ICTOPISIX XBOPOOU IIMX XBOPHX.

PesyabraTn. Beranosmiy, mo 3i 36inbmenHsM crynens Tspkkocti HACT Big SO 1o S3 B nediHIi 3pocTae piBeHb XOIECTEPUHY Bifl
0,42 (0,11; 4,49) mr/r mo 7,10 (5,03; 8,25) mr/r (U=3,000; p=0,016). ¥ xBoprx HACI" GyBae cTaTUCTHYHO 3HAYYIIMH 3B’ 30K MikK
BMICTOM Y TI€HiHIII CTEAPHMHOBOI Ta MadbMIiTHHOBOI KHCTOT (Y=0,681; p=0,001). Mix ctynmenem Tspkkocti HACT (y) 1 migBumeHnmM
piBHEM MaIbMITHHOBOT (X, ), CT€APUHOBOI (X,) KHCIOT y TediHIi BifOyBaeThcs Biporiana 3anexnicts (y=0,83x,; R?=0,33 i y=1,13x;
R?=0,37). Y xBopux i3 BaxxkuM S3 3mimanum HACT nepunopraibHHX i TPOMIKHKX 30H nediHKOBHX yactodok (ITH) y meuinui BiporiaHo
TTiIBUIICHUH PIBEHb CTEAPUHOBOI Ta MaJbMITHHOBOI KHCIIOT.

BucunoBku. [Ipu Baxxkomy S3 toransHoMy 3Mmimanomy HACT BinOyBa€eThCsi CTATUCTUYHO 3HAYYIIA 3AJICIKHICTD MiXK CTYHEHEM TSDK-
KOCTIi CTeaTorenarury (y), a TAKOX PiBHEM XOJIECTEPHHY B MEUiHIl (X,) i piBHEM XonecTepuHy (X,) y miasmi kposi (y=0,36x,+0,10x,;
R?=0,91). TIpu Baxxxomy S3 makposesuxyasipanit HACT neHTpaibHuX i mpoMiKHEX 30H [TU Tparuisi€Thest MO3UTUBHA KOPEISIIis MiXK
MiABUIICHUM PIBHEM Yy IJIa3Mi KPOBi 3araJibHOTO XOJIECTEPUHY i JTIMONpOoTe{HIB BUCOKOT IIITBHOCTI.

Kniouogi cnosa: cmeamozenamum, xonecmepun, cmeapunoga KUCiomad, A1bMIimuH08a KUCI0Md, XPOMAMo-Mac-CneKmpomMempis.
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CoaepikaHue X0J1eCTePHUHA, CTEAPHHOBOI M MAJIbMUTHHOBOI KHCJIOT B MeYeHHU NMPHU HEAJTKOr0JIbHOM
cTearorenaTrure pa3Hoi CTeNneH! TAKECTH 10 JaHHBIM BbICOK03()(eKTUBHOM KIIKOCTHON
XpoOMAaTO-Macc-CNEeKTPOMeTPHHU

B. A. Tymanckuii, C. B. @env, b. A. Bapunckuil

M3BecTHO, UTO HachlIeHHbIE BhIciIne x)upHble kucsoTel (HBXXK), o61agaromnye TMIOTOKCUYHOCTbIO, UI'PAIOT BasKHYIO POJIb B pas3-
BUTHH HeankoroibHoro crearorenaruta (HACT), ognako pesynsTarsl uccienoBanuii cogepskanust xonecrepuaa n HBXKK B meuenn
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npu HACT pa3Hoi cTeNeHn TSKECTH, IOIyYEeHHbIE METOAAMH BBICOKOA((EKTHBHOMN JKUIKOCTHOW XPOMAaTO-MacC-CIIEKTPOMETPHU
(BOXKX-MC), noka He OImyOIMKOBaHBI.

Lesan pa6oThl — Ucce0BaTh MOKA3aTEIN YPOBHS XOJICCTEPUHA, CTCAPUHOBOW U MAaJbMUTHHOBOM KHCIIOT B ICYCHU YMEPIIUX OOJIb-
HBIX, CTPaJIaBIINX HEAKOTOJIBHBIM CTEATOrCaTUTOM Pa3HOM CTENECHU TSDKECTH, M CPABHUTH MX C MOKa3aTeIsIMU TUIa3Mbl KPOBU TIPU
JKU3HU 3TUX MAlUEHTOB.

Marepuansl u MeToabl. [IpoBenén mapamiensHbIN TocMepTHBIH maTtomopdonormuecknii 1 BOXX-MC ananus neuenn 25 ymep-
mwmx 53-88 net, crpagasmmx npu sxu3H HACT, u 10 ymepmux nmanuenTtoB 6e3 npusaakoB HACT, a Taxke peTpOCIeKTUBHBIN aHATU3
KJIMHHUKO-JIA00PaTOPHBIX JIAHHBIX B UCTOPHSX OOJIE3HU ITHUX OOJIBHBIX.

Pe3yabTarhl. YcTaHOBIEHO, 9TO IO Mepe yBenndeHus crenenu Tshkectn HACT ot SO 1o S3 B meuenu Bo3pacTaeT ypoBEHb XOIeCTe-
puna ot 0,42 (0,11; 4,49) mr/r 1o 7,10 (5,03; 8,25) mr/r (U=3,000; p=0,016). Y 6onpubix HACT rMeeT MecTo CTaTUCTHYECKH 3HAYNMAsT
CBSI3b MEXK/Iy COZIep)KaHHEM B IEUEHH CTEapUHOBOI M MabMUTHHOBOW kucioT (y=0,681; p=0,001). Mexny crenensto Tsukectn HACT
(y), a TaxoKke HOBBINIEHHBIM YPOBHEM MAJILMHTUHOBOH (X ) M CTEApPMHOBOM (X,) KHCJIOT B EYEHU UMEET MECTO JJOCTOBEPHAs 3aBHCH-
mocth (y=0,83x ; R*=0,33 n y=1,13x ; R?=0,37). V GonbubIx Tsxénbiv S3 cmemannbiv HACT nepunopTanbHBIX U IPOMENKY TOUHBIX
30H neu¢HouHbIX Aoiuek (I1J]) B meyeHn 10CTOBEPHO MOBBIIIECH YPOBEHb CTEAPUHOBOM U MaIbMUTHUHOBOM KUCIIOT.

BriBoasl. [Tpu Tsoxénom S3 TotamsaoM cMmemanHoM HACT mMeet MecTo CTaTUCTUYECKH 3HAYMMast 3aBUCUMOCTB MEXTY CTETICHBIO T~
JKECTH CTeaTorenaruTa (y), a Takke ypOBHEM XOJIECTEPHHA B IIEYEHH (X, ) U YPOBHEM XOJeCTepHHA (X,) B IU1a3me KpoH, (y=0,36x,+0,10x,;
R?=0,91). TIpu soxénom S3 makposesukyiasipuom HACT HeHTpallbHBIX H HPOMEKYTOUHBIX 30H I1J[ MMEET MECTO MOJNOKHUTEIbHAS
KOPPETAIHS MEX Ty TTOBBIIIEHHBIM YPOBHEM B ILIa3Me KPOBHU OOIIETO XOJIECTePHHA U TUIONPOTEHHOB BBICOKOH IIIOTHOCTH.

Knrouesvle cnosa: cmeamoeenamuni, Xonecmeput, cmeapunosds Kuciomd, naibMUumuHoeds KUucioma, Xxpomamo-macc-CneKpomempus.

Ilamonozusa. — 2016. — Ne3 (38). — C. 3542

mong the chronic liver disease non-alcoholic fatty

liver disease (NAFLD) is very common now, which
is a manifestation of the so-called dysmetabolic syndrome,
including obesity, diabetes of the 2™ type, dyslipidemia
and insulin resistance [1]. In the development of NAFLD
nonalcoholic steatohepatosis with the benign course and
nonalcoholic steatohepatitis (NASH), which is considered
a precursor to the possible development of cirrhosis and
liver cancer. Steatohepatosis transformation in NASH is
associated with the phenomenon of lipotoxicity caused by
the accumulation in the hepatocytes of higher saturated
fatty acids (HSFA), which are an integral component of
triglycerides (TG) [2]. Changing HSFA or their sequences
in TG molecules increases their lipotoxicity promoting
hepatocyte necrosis and apoptosis [3].

Experimental studies of S. Subramanian et al. [4] showed
that the central molecules lipotoxicity with HSFA are free
cholesterol and HSFA (eg, palmitic and stearic acid). In this
connection, research on the content of cholesterol in the liver
and HSFA in NASH of varying severity are of great interest.
K. Sumera (2013) [5] determined by gas chromatography
in the liver tissue of patients with simple steatosis myristic
(C14:0) and polyunsaturated y-linolenic (18:3, ®-6) acids. In
recent years, it is shown that in the development of NASH
®-6 eicosanoids play the significant role, which level in-
creases in severe stages of steatosis and steatohepatitis in
its transition. These arachidonic acid metabolites include
12-Hydroxyheptatrienoic acid (12-HHTrE) and 11,12-di-
hydroxy-eicosatrienoic acid (11,12-diHETrE), and prosta-
glandins E2 and D2. Therefore, their plasma determination
is offered to use as a noninvasive biomarker for differential
diagnosis of NAFLD and NASH [6].

Today, the literature of the investigation results and total
cholesterol and HSFA in the liver in NASH of varying
severity, obtained by high performance liquid chromatog-
raphy-mass spectrometry (HPLC-MS) is not available yet.

The purpose is to investigate the indicators of cholesterol,
stearic and palmitic acids in the liver of the deceased patients

suffering from non-alcoholic steatohepatitis with varying
degrees of severity, and to compare them with indicators of
blood plasma during the life of these patients.

Materials and methods

Conjunction of posthumous pathomorphologic and HPLC-
MS analysis is held on the livers of 25 dead patients aged
53-88, who suffered from NASH during the life (first group
of cases) and 10 patients who died without any microscopic
evidence of NASH (second group of conditionally controlled
cases), as well as a retrospective analysis of clinical and
laboratory data in the case histories of these patients. NASH
diagnosis was based on post-mortem histopathological exa-
mination of the liver and historical data in case histories of
patients on the absence of alcohol abuse, the presence of
overweight (BMI >25), diabetes of the 2™ type, duration of at
least 1 year (glucose level of 5.5 mmol/l glycemic profile or
glycohemoglobin >5.7 %) as well as data on the level of lipids
in the blood plasma of patients. For the group of conditionally
controlled patients the dead were selected, where no signs of
steatohepatitis were detected at the histopathological exami-
nation of liver, and the lifetime performance and HFSA cho-
lesterol in blood plasma did not exceed the reference values.

In patients who died, 2 samples of liver tissue were tak-
en, one of them was fixated in 10 % buffered formalin for
pathological studies and the second one without any placing
in formalin was used for HPLC-MS.

HPLC-MS analysis of tissue sample taken from the liver
that was not fixated in formalin (200 mg) which was homo-
genised for 1 minute in Eppendorf adding isopropanol prior
to homogenization and its following closure. Then the liver
homogenate was incubated for 15 minutes in an ultrasonic
bath Xuba 3 (“GrantLtd”, UK) at a temperature 77 °C, then
it had been centrifuged for 10 minutes at 15.000 rev/min in
the centrifuge ULAB UC-1512 (China). Later the obtained
supernatants were filtered by moving to the vial. Examina-
tion of cholesterol, stearic and palmitic acid was performed
by the liquid-liquid extraction of the liver samples with the
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subsequent HPLC-MS analysis of the obtained extracts
on the instrument Agilent 1260 Infinity HPLC System
(USA) and on single quadrupole mass spectrometer Agi-
lent 6120 with ionization on electrospray (ESI) OpenLAB
CDS Software using internal standards: cholesterol — fill.
code (507363) S7509-STD concentration of 200 mg/dl
(5.18 mmol/l) firms Pointe Scientific (USA), palmitic
acid — fill. code (15104054) company Fluka (USA), puriss.
p.a. standart for GC >98.5 % and stearic acid — fill. code
(22303079) company Fluka (USA), puriss. p. a. standart for
GC >99.5 %. During the HPLC-MS binary gradient was —
eluent A: 60 % deionized H,0, 40 % CH,CN, 0.1 % HCOOH,
10 mM HCOONH,; eluent B: 10 % CH,CN, 90 % isopropyl
alcohol, 0.1 % HCOOH 10 mM HCOONH, (0 min—32 % of
eluent B, 5 min— 100 % eluent B, 10 minutes — 100 % eluent
B); rate of eluent of 0.4 ml/min, 10 min of chromatography
duration in the column Zorbax SB — C18; 30 mm x 4.6 mm;
1.8 microns with precolumn at a column temperature 55 °C,
with electrospray ion source in the selective ion monitoring
mode, cholesterol, stearic and palmitic acids (SIM) m/z
369, 283, 255 according to the monoisotopic mass of the
protonated molecules at a 100, 150 and 150 V voltage on
the defragmenter. The cholesterol study was conducted at
the positive polarity, the study of stearic and palmitic acids
were conducted in the negative polarity. The temperature
of nitrogen was 300 °C. Nebulizer pressure was at 60 psig.
Gasdryer rate of nitrogen was 10 1/min. All data were re-
corded on the chromatograms.

Pathologic analysis. The presence of fatty degeneration
of liver hepatocytes was evaluated in serial paraffin sections
stained with hematoxylin and eosin, and also in parallel fro-
zen sections stained with sudan II1. The degree of NASH cal-
culated by fotodigital morphometry serial paraffin sections
stained with hematoxylin and eosin using digital medical
image processing program ImagelJ [7]. For this purpose, the
pictures were taken in the microscope Axioplan 2 (CarlZeiss,
Germany) by using of digital camera “Olympus 3040~
(Japan) in each micropreparation of the liver to 5 fields of
view at a magnification x 400. Further, the plug of Colour
Deconvolution program Imagel in the built-in analysis
scheme, the obtained image was segmented and converted
into binary and it was counted in % the number of pixels
corresponding to the area of steatosis in hepatic lobules.

In accordance with gradation of E. M. Brunt, D. E. Kleiner
(2005) [8] a mild S1 degree NASH was isolated (presence
in a standardized field of view of the microscope 5 to 33 %
of hepatocytes with micro- or macrovesicular steatosis), a
moderate S2 degree (the presence of 34 to 66 % of the cells
with a mostly macrovesicular or mixed steatosis) and a heavy
S3 degree NASH (presence in the field of view of more than
66 % of hepatocytes with mixed steatosis). The absence of
steatosis of hepatocytes in deceased patients of the second
group of control observations was conditionally estimated
as zero (S0) degree of hepatic steatosis.

The quantitative results of the studies were estimated using
the statistical package Statistica® for Windows 6.0 (StatSoft
Inc., Ne AXXR712D833214FANS license): the median of

the lower and upper quartile was calculated, the data were
presented in the form of Me (Q1, Q3). The level of choles-
terol, palmitic and stearic acids of the liver was calculated
according to the degree of hepatic steatosis and they were
compared to two samples using the Mann-Whitney test (U).
The values of cholesterol, palmitic and stearic acids in the
liver were compared to the levels of total cholesterol, low
density lipoprotein (LDL), high density lipoprotein (HDL),
triglycerides (TG) in plasma and the degree of liver steatosis
using coefficient-y. Using regression analysis the depen-
dence of cholesterol levels of palmitic and stearitic acids in
the liver and content of total cholesterol was investigated
and also LDL, HDL, TG in the blood plasma and the degree
of NASH with the following statistical model constructing.
The results were considered significant at p<0.05.

Results and its discussion

During integrated HPLC-MS and pathohistological analy-
sis from deceased patients the significant differences between
the level of cholesterol in the liver depending on the degree
of hepatic steatosis were revealed (p<0.05). When comparing
the degree of histological liver steatosis and cholesterol in
liver indices, it was found that without hepatic steatosis (S0)
the median level of cholesterol was 0.42 (0.11; 4.49) mg/g,
and the liver with severe degree S3 steatosis — 7.10 (5.03;
8.25) mg/g (Fig. I).

Thus, it was proved that the cholesterol in the liver without

Cholesterol in the liver, mg/g
N

1 o Median
) 0 1 2 3 [ 25-75%
Degree of steatosis T Min-Max

Fig. 1. The indices of the cholesterol median level in the liver
depending on the steatosis degree.

steatosis was significantly lower than in liver with the severe
steatosis of S3 degree (U=3.000; p=0.016). The median of
cholesterol level in the liver with a mild S1 degree of steato-
sis was 0.22 (0.08; 0.57) mg/g, which was significantly less
than in a severe degree of steatosis S3 7.10 (5.03; 8.25) mg/g
(U=1.000; p=0.005). The median level of cholesterol in the
liver steatosis of moderate S2 degree 1.83 (0.41;2.52) mg/g
was significantly lower than in severe S3 grade of steatosis
7.10 (5.03; 8.25) mg/g (U=2.000; p=0.014). Median levels
of cholesterol in the liver were not significantly different
when compared to the control group with SO steatosis with
the groups of the mild S1 degree of steatosis (U=41.000;
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p=0.744) and with moderate S2 degree (U=45.000; p=0.323),
and also under the comparison between groups of S1 and
S2 steatosis degree (U=27.000; p=0.055). According to
P. Puriet et al. (2009) data, the level of free cholesterol in the
liver was increased in patients with NASH and it remained
unchanged in the healthy group of patients [9].

HPLC-MS analysis of the liver, in parallel with free cho-
lesterol, cholesterol ester was also revealed (Fig. 2), which
is capable to raise cholesterol in the liver tissue during the
metabolic decay.

A retrospective analysis of laboratory data of patients
with NASH was conducted and it showed that they had an
elevated level of total cholesterol, LDL, HDL and TG in
plasma during their lifetime (7able 1).

A. E. Feldstein [10] indicates a positive correlation be-
tween elevated TG, HDL, ALT and AST in the blood plasma
of patients suffering from NASH.

In multivariate regression analysis between the chromato-
graphic performance of cholesterol, stearic and palmitic ac-
ids in the liver and indicators of total cholesterol, LDL, HDL,
TG in the blood plasma of patients who died with NASH,
and patients who died without NASH the following features
have been revealed: statistically the most significant was
the relationship between the degree of hepatic steatosis (y),

the level of cholesterol in the liver (x,) and total cholesterol
(x,) in the blood plasma, where y=0.36x +0.10x,; R*=0.91.
In the statistical analysis of this model, its sensitivity was
88 % for the comparison of the control group with the NASH
group (regardless of its degree), and under the delimitation
of NASH into groups according to the steatosis degree it was
68 %. The specificity of the model was 70 %. A comparative
analysis of the cholesterol level in the blood plasma in pa-
tients and the severity of NASH demonstrated that elevated
level of total cholesterol in blood plasma, and elevated levels
of cholesterol in the liver corresponds to the severe S3 total
mixed steatosis of hepatocytes of central, intermediate and
periportal areas of the liver lobules (Fig. 3) which was es-
tablished in postmortem liver pathohistological study.

According to the literature data the process of free cho-
lesterol metabolic dysregulation in patients with NASH is
caused by presence of the 2™ type of diabetes and insulin
resistance, in which the synthesis of cholesterol is increased
and its excretion from the liver through the efflux pathway
is reduced [11,12].

When analyzing the interrelations between severity of
NASH and the Lipidogram data of patients a statistically
significant positive correlation between the content of total
cholesterol and HDL cholesterol in the blood plasma and

Table 1
Indicators lipid profile (mmol/L) in blood plasma of patients who died of NASH of varying severity
The severity Total cholesterol LDL HDL TG
of NASH Me Q1 Q3 Me Q1 Q3 Me Q1 Q3 Me Q1 Q3
S0 4.19 3.79 5.30 3.67 2.92 4 1.1 0.78 1.75 1.12 0.77 1.7
S1 4.47 4.18 4.18 2.85 2.27 4.65 1.01 0.82 2.2 2 1.22 2.2
S2 5.25 3.93 5.82 3.71 2.59 4.81 1 0.77 1.56 1.18 0.75 1.56
S3 4.44 3.79 6.21 2.77 1.97 6.09 0.93 0.63 1.13 1.70 0.93 2.30

Notes: LDL — low density lipoprotein, HDL — high-density lipoprotein; TG — triglycerides, Me — mediana, Q1 — upper quartile,

the Q3 — bottom quartile.
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Fig. 2. The chromatograms of cholesterol at 2 SIM m/z 369. A — in the control group without liver steatosis S0. B is the group of
patients with the severe S3degree of NASH. The cholesterol peak is indicated with the red arrow, the cholesterol ester peak is indicated

by the green arrow.
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between an increased NASH degree and increased total
cholesterol and HDL cholesterol in the blood plasma was
revealed (7able 2). When comparing the severity of NASH
only with indicators of HDL levels a negative relationship
was observed: with the increase of NASH severity a de-
crease in HDL levels in the blood plasma was observed
(Table 2).

The heavy S3 macrovesicular steatosis of hepatocytes
of central and intermediate zones of the liver lobules was
revealed in patients with elevated levels of total cholesterol
and HDL cholesterol in blood plasma of the post-mortem
pathological examination of the liver (Fig. 4).

Under the correlation analysis of HSFA in the liver of
patients with NASH a statistically significant relationship
between the content of stearic (C18:0) and palmitic acids in
the liver is revealed (C16:0), (y=0.681; p=0.001). At higher
levels of palmitic acid in the liver, the level of stearic acid
also increases (Fig. ).

In histopathological examination of the liver in patients
who died of this group the heavy S3 mixed steatosis of
hepatocytes in the periportal and intermediary zones of the
liver lobules was revealed (Fig. 6).

In NASH the elongase enzyme is activated in damaged
hepatocytes as well as the elongation process of palmitic and
stearic acids, i.e. at excessive increased levels of palmitic
acid in the liver stearic acid is synthesized from it, which
has greater lipotoxicity to the liver. The increase of HSFA
in blood plasma results in reduced insulin secretion of pan-
creatic fB-cells [13], in activation of the enzyme of terminal
kinases (JNKs) and protein FoxO3a [11,14], which are
involved in hepatocytes lipoapoptosis.

The HPLC-MS performed studies have shown that the
level of palmitic and stearic acids is increased in patients
with severe liver NASH, compared to their content in the
liver of patients without NASH (Fig. 7, §).

Under the paired regression analysis statistically most
significant relationship between the level of NASH (y) and

Table 2

Dependence of NASH degree on total cholesterol level
and on high density lipoproteins in blood plasma

Total cholesterol HDL Histological
Parameters of blood plasma (mmoll) degree
(mmol/l) of NASH
Total cholesterol
of blood plasma 1 - -
(mmol/l)
HDL (mmol/l) 0.54* 1 -
Histological degree of " o
NASH 0.18 -0.23 1

Notes: The data were analyzed using regression analysis.

* —the positive correlation between the histologic NASH degree
and indicators of total cholesterol to high-density lipoproteins in
blood plasma; ** —the negative correlation between the histologic
NASH degree and indicators of high density lipoproteins in blood
plasma.

the level of palmitic (x,) and stearic (x,) acids in the liver is
revealed, where y=0.83x ; R*=0.33 and y=1.13x; R*=0.37.
According to P. Puri data [9] the HSFA levels in the blood
plasma of patients with NASH are elevated, which excessive
deposition in the liver can lead to the destruction of hepato-
cytes with peroxisome. A. E. Feldstein [10] describes the
increase of fatty acid levels in blood plasma at early stages
of NASH which is caused by monounsaturated palmitoleic
acid (C16: 1n7), and indicates that further increase of fatty
acid level in plasma and launch of processes of their elonga-
tion leads to an increase of the saturated palmitic and stearic
acids levels in the liver.

According to the data of A. Takaki et. al. [15], Y. Takeshita
et. al. [16] the excessive concentration of free cholesterol
and HSFA in the liver leads to disruption of mitochondrial
function, and the endoplasmic reticulum, it also activates
a cascade of oxidative stress and intracellular accumula-
tion of oxysterols that have lipotoxic effect and lead to
fatty degeneration of hepatocytes. With the progression of

Fig. 3. Heavy S3 total mixed steatosis of hepatocytes of central,
intermediate and periportal areas of the liver lobules. Staining with
Sudan III. Magnification: x200.

Fig. 4. The heavy S3 macrovesicular steatosis of hepatocytes in
central and intermediate zones of hepatic lobules. Staining with
Sudan III. Magnification: x200.
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Fig. 5. The correlation between the content of palmitic and stearic
acids in the liver of patients with NASH.
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Fig. 6. The heavy S3 mixed steatosis of hepatocytes in periportal and
intermediary zones of hepatic lobules. H & E stain. Magnification: x200.
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Fig. 7. Chromatograms of palmitic acid at SIM m/z 255. A is in the control group without liver steatosis (S0). B is in the liver of
patients group with the severe S3 degree of NASH. The palmitic acid peak is indicated by the arrow.
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Fig. 8. The chromatograms of stearic acid in SIM m/z 283. A is in the control group without liver steatosis (S0). B is in the liver of
patients group with the severe S3 degree of NASH. The stearic acid peak is indicated by the arrow.
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Cholesterol, stearic and palmitic acids in the liver in nonalcoholic steatohepatitis of different severity according to the data...

NASH the damaged hepatocytes activate the macrophage
NALP3-inflammasome which promotes the aggregation of
Kupfter macrophages around the outbreaks of lipoapoptosis
hepatocytes and they also activate stellate cells of perisinu-
soidal fibrogenic phenotype with the subsequent formation
of liver fibrosis and cirrhosis [17].

Conclusions

1. The comparative analysis of histopathological and chro-
matography-mass spectrometry data showed a significant
increase of cholesterol level in the liver by increasing of the
steatohepatitis severity: in the SO steatohepatitis the choles-
terol level in the liver is 0.42 (0.11; 4.49) mg/g, in the S3
steatohepatitis it is 7.10 (5.03; 8.25) mg/g (U=3.000; p=0.016).

2. In the severe combined total S3 nonalcoholic steatohepa-
titis of central, intermediate and periportal regions of the
liver lobules there was a statistically significant correlation
between the degree of steatohepatitis (y), and cholesterol
in the liver (x,) and cholesterol (x,) in the blood plasma
(y=0.36x,+0.10x,; R*=0.91).

3. In the severe S3 macrovesicular nonalcoholic steato-
hepatitis of the central and intermediate zones of the hepatic

lobules there is a positive correlation between elevated levels
of total cholesterol in the blood plasma and high-density
lipoprotein.

4. Between the severity of nonalcoholic steatohepatitis
(y), as well as elevated levels of palmitic (x,) and stearic
(x,) acids the significant relationship takes place in the liver
(y=0.83x; R*=0.33 and y=1.13x,; R>=0.37).

5. In patients with non-alcoholic steatohepatitis there is a
statistically significant relationship between the content in
the liver of stearic and palmitic acids (y=0.681; p=0.001).

6. In patients with severe S3 mixed nonalcoholic steato-
hepatitis in the periportal and intermediary zones of hepatic
lobules the significantly increased levels of stearic and
palmitic acids take place in the liver.

Prospects for further research. The further chroma-
tography-mass spectrometry study of HSFA content in the
liver in alcoholic and nonalcoholic steatohepatitis of varying
severity is of considerable interest.

Conflicts of Interest: authors have no conflict of interest
to declare.
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