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Abstract

Extreme environmental factors lead to changes in the metabolism of the body and, in particular, to the predominant
use of proteins and fats. The aim of our study was to reveal seasonal differences in the blood plasma fatty acid profile
of people with evolutionarily developed mechanisms of adaptation to the specific conditions of the North. The subjects
of the study were young male aborigines of the North (Yakuts), virtually healthy volunteers whose mean age was
19.1 £2.2 (n = 26). Venous blood samples were collected in the morning from 8:00 am to 9:00 am in different seasons
(summer, fall, and winter). Temperature variations during these seasons were more than 100 °C. Identification and
determination of fatty acid (FA) concentrations in the blood plasma samples were performed using gas chromatogra-
phy-mass spectrometry (GC-MS). Statistical analysis of blood plasma lipid profile data was performed using Metabo-
Analyst 5.0. The results showed that the ratio of unsaturated fatty acids (USFA) to saturated fatty acids (SFA) in-
creases by 1.8 times in winter compared to other periods (summer, and autumn). The leading role of polyunsaturated
fatty acids (PUSFA) in the adaptation of the human body to interseasonal changes has been revealed. The most impor-
tant role is played by the winter increase of 11,14,17-eicosatrienoic acid (omega-3) and the winter decrease of arachi-
donic acid, cis-11,14-eicosadienoic acid and 8,11,14-eicosatrienoic acid.
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AHHOTALUA

DKcTpeMalbHBIe (PaKTOPHI OKPYKAFOIIESH CPeIbl MTPUBOIAT K M3MCHEHUSIM B META00JIN3ME OpTaHU3Ma U, B YaCTHOCTH,
K IIPEUMYIICCTBCHHOMY HCIIOIB30BAaHHUIO OCITKOB ¥ KUPOB B 0OMeHe BemiecTB. Llenpro Haireil paboThl OBLIO BRISIBUTH
CE30HHBIE Pa3JINYMsl B COAECPKAHUU >KUPHBIX KHCIIOT B [1JIa3M€ KPOBH JIIOJIEH € BOIIOLMOHHO Pa3BUTHIMU MEXaHU3Ma-
MU aJanTaiyy K creruduaeckum ycnopusMm CeBepa. OObEKTaMH HCCISJOBaHUS OBUIA MOJIOBIC MYKYNHBI-a00opuTe-
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Hbl CeBepa (SIKYThI), MPAKTUYECKHU 310POBBIC TOOPOBOJIBIIBI, CPETHUNA BO3PACT KOTOPBIX cocTaBua 19,1 + 2,2 rona
(n=26). O6pa3ibl BEeHO3HO KpoBU Opanu B yrpeHHue yackl ¢ 8:00 10 9:00 B pa3Hoe Bpems roza (JIETO, OCCHb, 3UMa).
Konebanust TeMneparypbl B TedeHNE 3THX Ce30HOB cocTanisui 6oiee 100 °C. MneHTnUKaIUIO U oNpeaeIeHue KoH-
neHTpanuu xupHbIX kuciot (JKK) B oOpasiax mia3Mbel KpOBH MPOBOIMIN METOIOM I'a30BOil XpoMarorpaduu-macc-
criekrpomeTpun (GC-MS). CraTHCTHYECKUH aHATIHM3 JaHHBIX JIMITHHOTO MPOGMIIS IJIa3Mbl KPOBH ITPOBOJIUIICS C HC-
nosb3oBanueM TardopMel MetaboAnalyst 5.0. Pe3ynbsraTsl TOKa3bIBalOT, YTO OTHOIIEHNE HEHACHIIICHHBIX KHPHBIX
kucaoT (UFA) k HachImeHHBIM )KUpHBIM kucinotaM (SFA) 3umoii yBenmamBaetcs B 1,8 pa3a o cpaBHEHHIO € IPyTUMHI
TIEpHO/IaMH (JIETOM, OCEHBIO). BhIsBICHA BeAyIIasi poJib MOJMHEHACHIIIEHHBIX JKUPHBIX KHCIOT B aaNTAllUH YEI0BE-
YECKOTO OpPraHn3Ma K MEXCE30HHBIM M3MeHeHusIM. Hanboree BaxHyI0 pojlb UTPAlOT 3UMHEE YBEJINUEHHE COflepKa-
Hus 11,14,17-31K03aTpHEeHOBOM KUCIOTHI (OMeTa-3) ¥ 3MMHEee CHUYKSHHE apaxHI0HOBON KUCIIOTHI, Ituc-11,14-3iko3a-
JIUEHOBOM KUCIOTHI U 8,11,14-51ik03aTpEeHOBON KUCIIOTHI.

KuroueBble cjioBa: ce30HHBIC U3MEHEHUS, TOTOBON PUTM, )KUPHbIE KUCIIOTHI, aAaNTalus, SKCTpeMaIbHbIe YCIOBUS,
MeTaboJIOMHKa, JIMIUI0MHUKA, CEBEP, KOPEHHBIE HAPOJIbI, IJ1a3Ma KPOBU

®dunancupoBanue. Padbora BbINoHEeHa B paMKax roc3aganus Munooprayku P® no npoekry «Duznonorunueckue u
OMOXMMHUYECKHE MEXaHU3MBbl aaNTallMi PACTCHNUH, )KUBOTHBIX, YelloBeKa K ycIOBUAM ApKTHKH/CyOapKTHKI» (KOJ
HayuyHoit tembl: FWRS-2021-0025; roc. perucrp. Homep: AAAAAA-A21-121012190035-9), a Taxke ¢ UCIIOIb30Ba-
HueM obopynoBanust LIKIT ®ULL «THL] CO PAH».

Jas uutupoBanus: Komocosa O.H., Kepmenromnsir b.M., ConoBbeBa H.A. Ce30HHBIC W3MEHEHUS MTPOGUIIS )KAPHBIX
KHCJIOT IJIa3Mbl KPOBU KaK MEXaHHM3M aJJalTalliy YeJI0BeKa K KCTpeMalIbHBIM ycioBusiM Cesepa. [Ipupoonvie pecyp-
cbt Apkmuru u Cybapxkmuxu. 2023;28(3):443-450. (In Eng.). https://doi.org/10.31242/2618-9712-2023-28-3-443-450

Introduction

Seasonally recurring patterns in physiology and
behavior are common in nature [1-4]. They often
reflect adaptive, proactive responses to annual en-
ergy constraints [5—8]. The North-East of Russia is
one of the harshest regions of the globe, where a
complex of environmental factors of extreme nature
affects a living organism: specific photoperiodism
(polar day and polar night), cold, sharply continen-
tal climate, and geomagnetic disturbances. In this re-
gard, there is a need to study the ecological, physi-
ological and biochemical mechanisms of adaptation
of the body to the complex effects of extreme fac-
tors both during short-term and long-term human
residence in the North. The question of how the
constancy of the internal environment of the body is
maintained in various seasons of the year in extreme
conditions is especially relevant. Extreme environ-
mental factors lead to changes in all types of meta-
bolic processes and, above all, to the predominant
use of proteins and fats in metabolism, as well as to
a significant decrease in the proportion of carbohy-
drates [9]. Fatty acids (LC), being structural ele-
ments of lipids and their derivatives, are involved in
almost all the most important physiological pro-
cesses, thereby ensuring the vital activity of the hu-
man body and its optimal interaction with the envi-
ronment. LC are involved in the processes of synthe-
sis and energy formation, maintaining the integrity of
cell membranes, regulation of inflammatory processes,
regulation of transcription and intracellular signal-
ing. In recent years, more and more attention has
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been paid to the study of the role of LC as biomarkers
of the functional state of the body. At the same time,
there is currently insufficient information about the
presence of seasonal changes in the fatty acid profile
of human blood plasma adapted to the extreme con-
ditions of the North.

The aim of this study was to identify seasonal
differences in the profile of fatty acids in the blood
plasma of people with evolutionarily developed
mechanisms of adaptation to specific conditions of
the North.

Materials and methods

A longitudinal study was conducted during three
seasons (summer, autumn, and winter) in 2019. The
object of the study was young aboriginal men of the
North (Yakuts), practically healthy volunteers, whose
average age was 19.1 £ 2.2 (n = 26). All the subjects
at the time of the study had no signs of the disease
and were found to be practically healthy. Venous
blood sampling was carried out from 8:00 am to 9:00
am after night fasting in summer from June 21 to
June 22, in autumn — September 23, in winter — De-
cember 21-22. Temperature differences in these
seasons were more than 100 °C. The study was con-
ducted in full compliance with the ethical recom-
mendations of the Helsinki Declaration of the World
Medical Association and the “Fundamentals of the
Legislation of the Russian Federation on Public
Health Protection” (1993).

Identification and determination of the concen-
tration of fatty acids (FAs) in blood plasma samples
was carried out by gas chromatography with mass
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spectrometry (GC-MS) [10]. To obtain methyl es-
ters of FAs, the method of acid hydrolysis was used,
100 ml of serum was placed in sealed containers,
1 ml of 2.5 % methanol H,SO, solution was added
and placed for one hour in a thermoshaker at 80 °C.
and 1000 rpm. After cooling to room temperature
(20 °C), 1 ml of 0.9 % NaCl solution was added to
the resulting solution. Next, methyl esters of fatty
acids were extracted with 0.5 ml of hexane. The re-
sulting mixture was placed in a shaker for 1 min,
then centrifuged for 1 min at 6.5 g. methyl esters of
FAs were taken by decantation from the infusion
liquid. 200 pl were taken for analysis.

Hexane extract of FAs esters was placed in the
autosampler of the MAESTRO 7820/5975 chro-
matograph based on the Agilent 7820 gas chromato-
graph and the 5975 mass spectrometric detector of
the same manufacturer. An HP-INNOWax capillary
column (30 m, 0.25 mm, 0.25 microns) was used for
separation; the velocity of the carrier gas (helium)
was 2 ml/min. A non-separating insert was used to
inject samples with a volume of 10 pl; the injec-
tor temperature was 2700°C. Temperature separa-
tion program: 40 °C (5 min); 2500 °C (40 °C/min,
5 min). The temperature of the line connecting the
chromatograph and the mass spectrometer is 2700 °C,
the temperature of the ion source is 2300 °C, the
temperature of the detector is 1500 °C. Registration
was carried out by full ion current (SCAN mode).

The identification of methyl esters of FAs was
carried out using a set of standards for methyl esters
of LC from Supelco. 37-component mixture of
FAME (cat. No. 18919-1MP) and using the NIST
database. The concentration of LC methyl esters
was determined by the areas of chromatographic
peaks of the corresponding compounds by internal
normalization [2]. The total area of the peaks of me-
thyl esters of FAs was taken as 100 % and the per-
centage concentration of individual FAs in relation
to the total content of FAs was calculated.

All analytical measurements were carried out
three times. The results of the experiment are pre-
sented in the form of the arithmetic mean and its
standard deviation. The calculation was carried out
using the AnalystSoft package, StatPlus — statistical
analysis program, v.2007. A Principal Component
Analysis (PCA) method based on the use of a web
server for the analysis of metabolic data called Me-
taboAnalyst was used.

Results and Discussion

One of the main features of the ecological and
physiological mechanisms of adaptation of the or-
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ganism of the indigenous inhabitants of the North is
the protein-lipid type of metabolic processes, based
on the use of lipids in bioenergy processes, which
ensure the economical and most optimal function-
ing of the body under extreme conditions. At the
same time, it is known that lipids can fulfill their
bioenergy function, “only by burning in the flame of
a candle of carbohydrates.” Therefore, we studied
the seasonal changes in glucose, cholesterol and
fatty acid spectrum of blood serum MY. The lowest
concentration of cholesterol in the blood was noted
in winter (Fig. 1). The glucose level does not sig-
nificantly change.

The dynamics of the content of individual fatty
acids (FAs) in the blood plasma of men of the indig-
enous inhabitants of the North is presented in the
table. By GC-MS method, 32 FAs were identified in
the blood plasma of young men. The largest percent-
age of all FAs is occupied by palmitic saturated fatty
acid (SFA, C16:0), which ranges from 38.23 % in
winter to 44.37 % in autumn.

In winter, compared with the fall, the content of
saturated fatty acids (SFA) in blood serum decreases
by 11.4 %, the concentration of monounsaturated
fatty acids (MUSFA) increases by 6.92 % and the
content of polyunsaturated fatty acids increases by
4.5 % (PUSFA) (Fig. 2A).

The results obtained indicate that in winter, in
comparison with other periods, the ratio of unsa-
turated fatty acids (USFA) to SFA increases by
1.8 times (Fig. 2B). And the proportion of PUSFA
increases approximately as many times compared
with MUSFA (Fig. 2B).

A decrease in the level of SFA in the blood dur-
ing the winter period indicates an increase in their
use as bioenergetic raw materials. A higher content

4,25+
4A

3,75+

mmol/I

3,5+

3,25

autumn winter

E cholesterol E glucose

Fig. 1. Seasonal dynamics of glucose concentration and se-
rum cholesterol level (mmol/ 1)

summer
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Seasonal dynamics of the content of some fatty acids in the blood plasma
of young Yakut men (% of the sum of fatty acids M+SD)

Chemical

class Fatty acids Summer (1) Autumn (2) Winter (3)
SFA Hexanoic acid, C6:0 0.0083+0.003 | 0.0068+0.002 | 0.0031+0.001 | p,;<0.0001
p;, <0.001
SFA Caprylic acid, C8:0 0.0004+0.0001 | 0.0004+ 0.0001 | 0.0005+0.0001
SFA Capric acid, C10:0 0.0013+0.0005 | 0.0006+0.002 | 0.0022+0.001 p=<0.05
SFA Undecanoic acid, C11:0 0.0022+0.0009 | 0.0006+0.001 | 0.0032+0.001 | p,,<0.001
P,5<0.001
SFA Lauric acid, C12:0 0.0072+0.002 | 0.0117+0.003 | 0.0014+0.001 | p,,<0.05
P, 5 <0.0001
SFA Tridecanoic acid, C13:0 0.0038+0.001 0.0045+0.003 0.0032+0.001
SFA Mpyristic acid, C14:0 0.0052+0.002 | 0.0049+0.002 | 0.0021+0.002 p<0.05
® 5-MUSFA | Myristoleic acid, C14:1 0.0238+0.006 | 0.0188+0.006 | 0.1710+0.006 | p,;<0.0001
P, 5 <0.0001
SFA Pentadecanoic acid, C15:0 0.0339+0.004 | 0.0183+0.004 | 0.0066+0.001 p=0.001
SFA cis-10-Pentadecenoic acid, C15:1 | 0.0023+0.0001 | 0.0024+0.0001 | 0.0403+0.0001 | p, ; <0.0001
P, 5 <0.0001
SFA Palmitic acid, C16:0 43.91+0.841 44.37+0.641 38.23+0.895
® 7-MUSFA | Palmitoleic acid, C16:1A7 0.0311+0.004 | 0.0290+0.0026 | 0.2512+0.062 | p,,<0.0001
P, 5 <0.0001
SFA Heptadecanoic acid, C 17:0 0.4359+0.034 | 0.4190+0.041 | 0.0088+0.003 | p,;<0.0001
P, 5 <0.0001
® 7-MUSFA | cis-10-Heptadecenoic, 0.0016+0.0004 | 0.0021+0.006 | 0.1207+0.011 | p,3<0.0001
C 17:1A10 P, 5 <0.0001
® 6-PUSFA |y-Linolenic acid, C 18:3A6,9,12 | 0.0077+0.001 | 0.0058+0.001 | 0.0087+0.001
® 6-PUSFA | Linoleic acid, C 18:2A9,12 13.1382+0.454 | 13.8441+0.231 | 12.1904+0.641
® 9-MUSFA | Oleic acid, C 18:1A9 4.771240.124 | 4.5493+0.655 | 8.8852+0.676 | p,,<0.001
p,5 <0.001
® 3-PUSFA | Linolenic acid, C 18:3A3 0.1401+0.004 | 0.1617+0.008 | 0.0102+0.003 | p,;<0.0001
P, 5 <0.0001
SFA Stearic acid, C 18:0 29.9621£1.024 | 31.1415+1.008 | 26.3863+2.548
® 6-PUSFA | Arachidonic acid, 3.7447+0.104 3.2598+0.023 3.6719+0.034
C 20:4A5,8,11,14
® 3-PUSFA |cis-5,8,11,14,17-Eicosapenoic 0.1186+0.004 | 0.1208+0.004 | 0.0365+0.001 | p,,=<0.0001
acid, C 20:5A5,8,11,14,17 P, 5 <0.0001
© 6-PUSFA | cis-8,11,14 -Eicosatrienic acid, | 0.7274+0.112 | 0.7026+0.104 | 0.0744+0.133 | p, ;<0.0001
C 22:3A11,14,17 P, 5 <0.0001
® 6-PUSFA | cis-11-14-Eicosadienoic acid, 0.0596+0.008 | 0.0566+0.002 | 0.0240+0.003 | p,;<0.001
C 20:2A11,14. P, 5 <0.001
® 9-MUSFA | cis-11-Eicosenoic acid, 0.0416+0.004 | 0.0410+0.003 | 0.0195+0.005 | p,;<0.001
C20:1A11 P, 5 <0.001
o 3-PUSFA | cis-11-14-17-Eicosatrienic acid, | 0.0121+0.004 | 0.0050+0.002 | 6.0082+0.001 | p,;<0.0000
C22:3A11,14,17 P,5 <0.0000
SFA Arachidic acid, C20:0 0.2729+0.041 | 0.2444+0.069 | 0.0071+0.0005 | p, ; <0.0001
P,5 <0.0001
SFA Heneicosanoic acid C21:0 0.4965+0.042 | 0.4020+0.012 | 0.1815+0.005 | p,;<0.0001
P,5 <0.0001
® 6-PUSFA | cis-13,16-Docasadienoic acid, 0.1466+0.004 | 0.0370+0.0031 | 0.0133+0.0024 | p, ; <0.0001
C 22:2A13,16
446 IIpuponusie pecypest Apkruku u Cybapkruku. 2023;28(3):443-450
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OkoHyaHue TaOJ UL

Chg‘;‘:al Fatty acids Summer (1) Autumn (2) Winter (3)
® 9-MUSFA | Erucic acid, C 22:1A9 0.9796+0.098 | 0.2566+0.065 | 2.9959+0.042 | p,,<0.001
p, 5 <0.001
SFA Behenic acid, C22:0 0.7616£0.124 | 0.2059+0.062 | 0.4093+0.061 | p,,<0.01
p,; <0.05
SFA Tricosanoic acid, C23:0 0.0162+0.004 | 0.0126+0.003 | 0.0286+0.001
SFA Lignoceric acid, C24:0 0.1310£0.031 | 0.0624+0.002 | 0.2027+0.061

* SFA — saturated fatty acid, MUFA — monounsaturated fatty acid, PUSFA — polyunsaturated fatty acid.

of PUFAs in blood plasma in winter indicates an
increased need for their use as a structural compo-
nent of cell membranes that provide optimal mem-
brane viscosity for this season. A significantly high-
er percentage of PUSFA in winter probably provides
the body of indigenous people with a sufficient
amount of regulatory substances that determine the
optimal functioning of the body in harsh environ-
mental conditions.

A decrease in the “palmitic acid/oleic acid” ratio
in winter indicates an increase in the involvement of
oleic acid in the composition of biological membranes
(Fig. 3). An increase in the concentration of oleic
acid in the composition of biological membranes in
the central nervous system is important for the
course of nervous processes, as it provides greater
conductivity, stability and strength of nervous pro-
cesses.

The results of a study of seasonal changes in the
content of FSA in blood plasma of young Yakut men,
statistically processed by the method of principal com-
ponents (PCA) are presented in Fig. 4. The first prin-
cipal component (PC1) values are plotted on the
abscissa axis, the variance of which reaches 44.8 % —
these are fatty acids whose seasonal changes are

A
summer 76,05 7311
winter
autumn 76,91 5166811744 3)
T T T T T
0% 20 % 40 % 60 % 80 % 100 %

[ |sFa [ musFa [ PUSFA

most significant. A significant difference is visible
between the content of the total AFs complex in
winter and summer-autumn seasons.

For a detailed analysis of seasonal changes in the
content of 32 specific FAs recorded in the blood se-
rum of 20-21-year-old Yakut men an analysis of the
results was carried out by the method of assessing
the importance of variables (Fig. 5).

It was established which of the investigated FAs
are included in PC1 (15 of 32; VIPscores> 1.3) and
which in component 2 (4 of 32; VIPscores <0.3),
which is in good agreement with the results shown
in Fig. 1. It is seen that of the saturated FAs studied,
the most significant role in seasonal changes is
played by winter decreases (summer increases) in
the contents of palmitic and stearic and tridecane
FAs. Apparently, this is due to adaptive changes in
the state of the lipid layer of cell membranes - a de-
crease in viscosity in the winter due to a decrease in
the percentage of SFA and its increase in the sum-
mer due to an increase in the percentage of SFA.

Of the USFA, the most significant role is played
by the winter increase in the content of 11, 14,
17-Eicosatrienoic acid and the winter decrease in
the content of eicosatrienoic acid, its other deriva-

B
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0,6
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Fig. 2. (A) Seasonal dynamics of the concentration (%) of different classes of fatty acids the blood plasma of students: SFA —
saturated fatty acid, MUSFA — monounsaturated fatty acid, PUSFA — polyunsaturated fatty acid; (B) The ratio of the total content
of PUSFA / MUSFA in the blood plasma of the subjects in different seasons of the year (units)
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Fig. 3. The ratio of the content of palmitic acid C16:0 SFA
to oleic acid C18:1 ®9-MUSFA in the studied groups of stu-
dents in different seasons of the year (units)
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Fig. 4. Changes in the content of fatty acids in the blood
serum of students depending on the seasons. The resulting im-
age is a graphical representation of the statistical processing of
the obtained data by the method of principal components (PCA)
with the allocation of PC1 and PC2
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Fig. 5. The importance of projection variables for the studied plasma fatty acids of students depending on the season. Values
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the trend of seasonal changes in the concentration of the corresponding component in each study group
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tives (cis-11,14-Eicosadienoic acid, 8,11,14-Eico-
satrienoic acid) and arachidonic acid (see fig. 5 and
table). These FAs are the precursors of prostaglan-
dins and their last group are inhibitors of the pro-
cesses of elongation and saturation of other fatty
acids, which is in good agreement with the winter
decrease in the limiting FAs in the blood of young
Yakut men.

For a more detailed assessment of the role of un-
saturated FAs in the processes of seasonal adapta-
tion of the human body in Central Yakutia, an analy-
sis was made of the importance of the variables of
various groups of unsaturated FAs. From the results
presented in Fig. 3, it is seen that the winter increase
in the content of omega-3 and omega-7 PUSFA and
a decrease in the content of MUSFA play a leading
role in adaptation to seasonal changes. This indi-
cates the intensification of the processes of regula-
tory processes in the winter period, in which these
polyunsaturated FAs take part.

Conclusion

Thus, there are statistically significant differences
in the content of fatty acids in the blood plasma of
young Yakut men in the winter and summer-autumn
periods. The leading role in the adaptation of the
human body to inter-seasonal changes among fatty
acids is played by PUFSA, especially 11,14,17-eico-
satrienic acid (omega-3), the concentration of which
increases significantly in winter, which may indicate
increased secretion of physiologically active sub-
stances in the human body.
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