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LIPOGENESIS IN ADIPOSE TISSUE OF THE LABORATORY ANIMALS
AFTER LOADING WITH CHOLESTEROL

The intensity of synthesis of different lipids classes was studied in vitro (fatty acids, cholesterol,
phospholipids and acylglycerols) in the homogenates of the adipose tissue after a single daily loading of
rats and guinea pigs with the cholesterol (300 mg/kg body weight) during 30 days period. For this purpose,
the radioactivity of lipid fractions in the homogenates of adipose tissue of the rats and guinea pigs was
measured, while homogenates were incubated separately with [6-“C] glucose, [2-“C] lysine or [1-'*C]
palmitic acid. The inhibitory effect of cholesterol was established by increasing its level in the diet of rats
and guinea pigs on all classes of lipid synthesis in adipose tissue in vitro when [6-“C] glucose and [2-'*C]
lysine were used as precursors, and on the synthesis of cholesterol when [1-'*C] palmitic acid was used

as precursor.
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INTRODUCTION. In laboratory animals the
experimental hypercholesterolemia is mainly
associated with atherosclerosis and used as a
laboratory model for studying the pathogenesis
of cardiovascular and metabolic pathology, such
as coronary heart disease, angina, and myocardial
infarction [1, 6, 8]. According to modern ideas
that have developed as a result of numerous
studies, the increasing level of cholesterol in the
diet of animals leads to an increase in its content
in plasma lipoproteins and the development of
vascular pathology [2, 3, 6].

Effect of experimental hypercholesterolemia
in cholesterol and triacylglycerol metabolism,
including their synthesis in individual organs and
tissues of laboratory animals, is much less studied
[4, 11]. The influence of experimental hyperchole-
sterolemia on the degree of consumption of
various precursors of cholesterol and fatty acids
in their synthesis in individual organs and tissues
remains unclear.

The aim of this study was to investigate the
effect of experimental hypercholesterolemia in
rats and guinea pigs with a load of cholesterol on
synthesis of cholesterol and other lipid classes in
adipose tissue using different precursors (glu-
cose, palmitic acid, lysine) labeled with radioactive
carbon. This scheme is due to the central position
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of studies of adipose tissue in the synthesis of
reserve lipids [11].

METHODS OF RESEARCH. Studies were
conducted on 2 groups of male guinea pigs
weighing 360-380 grams and 2 groups of male
albino rats weighing 180-200 grams, 4 animals
in each group, which were held in the vivarium.
Animals of the 1st (control) group of both species
were fed a standard diet. Animals of the 2™ group
(D) developed hypercholesterolemia caused by
feeding them with cholesterol diet in the amount
of 300 mg/kg of body weight per day. The duration
of the experiment was 30 days. After the expe-
riment, the animals from all groups were sacrificed
by decapitation under ether anesthesia, and their
brain samples were used for the analysis. Sections
of the brain about the size of 1x1x1 mm and
100 mg were transferred to hatching vessels with
phosphate Krebs-Ringer buffer (the ratio of mass
to volume of tissue to buffer was — 1:10, pH -
7.5, the gas phase - air), to which was added
1 micro Curie [6-“C] glucose, [2-'*C] lysine or
[1-"C] palmitic acid [10] and incubated for 60 mi-
nutes in ultra-termostat at 38 °C with constant
stirring [5]. After the incubation, the suspension
was centrifuged. The precipitate was washed with
10 ml of distilled water to remove residual isotope
and again pelleted by centrifugation [5]. The lipids
were extracted from the precipitate with a mixture
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of chloroform-methanol (volume ratio 2:1) using
Folcha method. They were fractionated into
classes by thin layer chromatography on silica
gel in the system hexane diethyl ether glacial
acetic acid (ratio 70:30:1, respectively) [5], and
their radioactivity was determined in a liquid
scintillation counter Rovetta (“LKV”, Sweden) in
toluene scintillator. The obtained data were
statistically processed.

RESULTS AND DISCUSSION. The data in
Table 1 show that the radioactivity of all classes
of lipids in adipose tissue homogenates of the
rats in the second group with [6-'“C] glucose was
much lower (p<0.001) comparing to the homo-
genates of adipose tissues of the 15t group. These
data indicate the inhibitory effect of exogenous
cholesterol while raising its level in the diet of
animals on its synthesis and the synthesis of all
other classes of lipids, including triacylglycerols,
in adipose tissue of rats. The reason for this,
according to the obtained results, is exogenous
cholesterol inhibition with increasing its level in
the diet of animals’ synthesis of acetyl-CoA, which
is a precursor of cholesterol and fatty acids, by
the feedback mechanism.

Acetyl-CoA in animal tissues, including adi-
pose tissue, is formed by the decarboxylation of
pyruvic acid, during glucose metabolism using
aerobic process. Synthesis inhibition by a
feedback mechanism is well known, which is
described by the decrease in activity of enzymes
that catalyze the formation of its predecessors
synthesis into the end products, which happens
during the conditions of the experiment such as
exogenous cholesterol presence.

Explanation is consistent with results as we
detected significantly less radioactivity of cho-
lesterol and all other classes of lipids and fatty
acids in adipose tissue homogenates of the rats
in group 2 with [2-"C] lysine (p<0.001), compared

to the radioactivity of lipids synthesized in the
homogenates of adipose tissue from group 1. As
you know, the end product of metabolism of the
carbon skeleton after deamination of lysine in
animal tissues is Acetyl-CoA, which can be
oxidized in the tricarboxylic acid cycle, and also
is used in the synthesis of fatty acids and
cholesterol. Reduced cholesterol synthesis was
also found in adipose tissue of animals from group
two during the incubation of homogenates with
[1-'%C] palmitic acid. Radioactivity of free
cholesterol during the incubation of adipose tissue
homogenates from rats in group two with [1-"“C]
palmitic acid was twice smaller (p<0.001) than
during the incubation of homogenates from
animals of group one, while the difference in
radioactivity of triacylglycerols was absent, and
the radioactivity of phospholipids — higher. These
data suggest that during extra load of cholesterol
in rat adipose tissue of white rats in vitro oxidation
decreases [1-'“C] palmitic acid and the use of
acetyl-CoA formed in the synthesis of cholesterol.

In general, the obtained results indicate
inhibitory effect of exogenous cholesterol when
added to the diet of rats on the formation of acetyl-
CoA and its use in the synthesis of fatty acids
and cholesterol from different precursors not only
in the liver, brain and mucous thin guts under
conditions in vitro [9], but also in adipose tissue.
Reduced synthesis of fatty acids in adipose tissue
of animals with hypercholesterolemia leads to a
decrease in their use during the synthesis of
triacylglycerols and phospholipids and in the
etherification of the cholesterol.

The data in Table 2 show that the intensity of
lipid synthesis in adipose tissue of guinea pigs
with hypercholesterolemia is dramatically reduced
compared to the intensity of their synthesis in
animals from the control group when [6-"“C] glu-
cose is used as a lipid precursor. Thus, the radio-
activity of total lipids synthesized by adipose tissue

Table 1 — The radioactivity of certain classes of lipids synthesized by adipose tissue of rats
in homogenates after incubation with [6-'4C] glucose, [1-'4C] palmitic acid and [2-'4C] lysine
(M+m, B-decays/100 mg wet tissue/min, n=4)

Group of animals
The class [6-'*C] [1-'*C] [2-'4C]
of lipids glucose palmitic acid lysine
control treatment control treatment control treatment
Phospholipids 1135+83 82+6* 311+19 549+32* 844+49 1587~
Mono and diacylglycerol 562+27 794~ 488+31 528+38 442+31 81+5*
Free cholesterol 105663 86+4* 402+29 586+19* 500+36 138+9*
Free fatty acids 4244+222 111+9* 997+45 924+40 1287+66 222+14*
Triacylglycerol 3805+195 87+3* 1144+39 1137+68 | 3095+172 95+5*
Etherified cholesterol 1345+88 81+5* 1064+57 1004+55 980+64 104+3*
General lipids 12147+644 | 528+33* | 4406+198 | 4731216 | 7151+403 | 799+62*

Note. Here and in Table 2: * — the probability of differences between parameters is p<0.005.




of guinea pigs in group two with hypercholes-
terolemia was 3.21 times less than the radioactivity
of total lipids in guinea pigs from the 1st (control)
group.

Studies have shown that radioactivity of phos-
pholipids, free cholesterol+diacylglycerols, free
fatty acids, triacylglycerols and etherified
cholesterol synthesized in the tissues in group
two during the incubation with [6-'*C] glucose was
less by 1.64; 1.81; 2.36; 10.07 and 2.26 times
respectively, compared with the animals of the
1st control group.

The results are consistent with the data on
the inhibition of lipid synthesis in adipose tissue
of rats with hypercholesterolemia when [6-'“C]
glucose is used as a precursor for lipids formation.
This can be explained by inhibitory effect on
cholesterol formation by acetyl-CoA from pyruvate

formed during the metabolism of glucose in
tissues of animals with hypercholesterolemia by
a feedback mechanism. This mechanism includes,
reduction in substrate concentration providing
synthesis on the one hand, cholesterol, and the
other — fatty acids. As a result, the intensity de-
creases not only for the synthesis of fatty acids
and cholesterol and other lipid classes.

The data in Table 2 show that most of the
[1-'“C] palmitic acid is used in the adipose tissue
of guinea pigs in the synthesis of phospholipids
and triacylglycerols. Thus, their radioactivity was
respectively 23.6 and 18.5 % of the total radio-
activity for the lipids, and the total radioactivity of
diacylglycerols and free cholesterol amounted to
18.5 %, free fatty acids to 23.7 %, etherified
cholesterol — to 15.8 % of radioactivity for total
lipids.

Table 2 — The radioactivity of certain classes of lipids synthesized by adipose tissue
in the studied guinea pigs during the incubation with [6-'C] glucose, [1-'*C] palmitic acid
and [2-'%C] lysine (M+m, B-decays/100 mg wet tissue/min, n=4)

. Group of animals

The class of lipids control treatment control treatment control treatment
Phospholipids 1280+85 780x47* 976+79 1116+65 921+69 724+51
Diacylglycerols + free 858+53 474+53* 77664 860+99 612+45 446+21*
cholesterol
Free fatty acids 1888+107 800+33* 992+89 1080+68 499+46 446+28
Triacylglycerol 4411289 438+28* 773+x38 580+19* 897+51 436+31*
Etherified cholesterol 1013+69 448+21* 661+53 78444 619+44 458+38*
General lipids 9450+620 2940+144* [4178+343| 4420+267 | 3348+239 | 2510+129*

From the data in Table 2 we can show that
the difference in the intensity of lipid synthesis in
adipose tissue of guinea pigs in group two with
hypercholesterolemia when [1-'“C] palmitic acid
is used as a lipid precursor compared to the
intensity of their synthesis in animals from group
one does not valid. These data indicate a lack of
inhibitory effect of hypercholesterolemia on lipid
synthesis in adipose tissue of guinea pigs with
exogenous fatty acids. This is consistent with the
results obtained by us about the lack of inhibitory
effect of hypercholesterolemia on the synthesis
of lipids with [1-#C] palmitic acid in adipose tissue
of rats.

However, the radioactivity of phospholipids
synthesized by adipose tissue of guinea pigs of
group one during the incubation with [2-'*C] lysine
was 15.2 %, diacylglycerols+cholesterol — 12.7 %,
free fatty acids — 24.5 %, triacylglycerols — 36.5 %,
etherified cholesterol — 11.0 % of the radioactivity
for the total lipids. In general, as shown by our
study, catabolism of [2-'“C] lysine and degree
obtained with the use of acetyl-CoA in the

synthesis of fatty acids and cholesterol in adipose
tissue of guinea pigs is much higher than in the
brain [7].

Thus obtained results show the inhibitory
effect of exogenous cholesterol when added to
the diet of rats and guinea pigs on the formation
of acetyl-CoA and its use in the synthesis of fatty
acids and cholesterol from various precursors in
adipose tissue. Reduced synthesis of fatty acids
in adipose tissue of animals with hyperchole-
sterolemia leads to a decrease in their use in the
synthesis of triacylglycerols and phospholipids and
cholesterol etherification.

CONCLUSIONS. Feeding white rats and
guinea pigs with standard feed additives in the
amount of cholesterol of 300 mg/kg body weight
per day leads to a sharp decrease in the intensity
of synthesis of all classes of lipids in adipose tissue
in vitro when [6-'*C] glucose and [2-"C ] lysine
are used as precursors, and to a reduction in the
intensity of synthesis of cholesterol when [1-C]
palmitic acid is used as a precursor.
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0. C. Nokotuno', M. A. Kyxtun', 0. O. NMokotuno?, T. 4. ApoweHko?, M. |. Koeanb?
TEPHOIMIJIbCbKUA HALIIOHAJIbHUN TEXHINHWUA YHIBEPCUTET IMEHI IBAHA MYJIHOST!
TEPHOIMIJIbCbKWUA JEPXXABHW MEAWNYHWA YHIBEPCUTET IMEHI I. 5. TOPBAYEBCHKOIO?

JINOTEHE3 Y )KHPOBIV TKAHUHI JIABOPATOPHUX TBAPUH
HICJS1 HABAHTAKEHHS XOJIECTEPOJIOM

Pesiome

ZocnigxeHo in Vvitro iIHTEHCUBHICTb CUHTE3Y inifgiB PIi3HUX KAaAcCIiB (XUPHUX KUCJIOT, XOJ1€CTEePOly,
gocooninigiB i aunarniueposiB) y roMmoreHarax XvpoBOi TKAHWHW Mic/isi 04HOPa30BOro LOLAEHHOro
Brponosx 30 ai6 HaBaHTaxeHHs1 Binvx LYypIB i MOPCbKUX CBUHOK xosiecteposioM (300 mr/kr macu Tina).
Jna uboro B romMoreHatTax XupoBoOi TKaHWHW Ginvx LLypiB i MOPCbKUX CBUHOK, siKi iHKyOYyBasin OKpeMo i3
[6-“C] rmokosoro, [2-*C] nizuHom ab6o [1-'*] nanbMiTUHOBOK KUC/IOTOK, BU3HAYasn pPagioakTUBHICTb
niniaHnx pakuivi. BctaHOBIEHO iHriOY4Yuii BIMB XOA€CTepOos1y 3a YMOB MMiABULLEHHS i0ro PiBHS B paLioHi
6inux LypiB i MOPCbKNX CBUHOK HA CUHTE3 BCiX K/1aCiB JinifiB y XWPOBIV TKaHWHI in Vitro npy BUKOPUCTaHHI
ak nonepeaHvkis [6-“C] rnoko3u i [2-“C] ni3auHy Ta Ha CUHTE3 XOJIeCTepOosy Mnpu 3aCTOCYBaHHI SIK
nonepeaHuka [1-*CJ] naabMiTMHOBOI KUCOTH.

KJTIO4HOBI CJZIOBA: ninigpu, xonecTtepon, LLypu, MOPCbKi CBMHKU, XUPOBaA TKaHUHA,
rinepxosiecteponemis.
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TEPHOMOJIbCKUM HALIMOHAJIbHBIN TEXHUYECKUIA YHUBEPCUTET MMEHW UBAHA 1YJIHOST!
TEPHOIMOJIbCKWVIN FrOCYAAPCTBEHHbIN MEANLIMHCK YHUBEPCUTET UMEHW U. . FTOPEAYEBCKOIMO2

JUIIOTEHE3 B )KHPOBOM TKAHU JABOPATOPHBIX ’)KUBOTHBIX
INOCJIE HATPY3KH XOJECTEPOJIOM

Pe3iome

UccnenosaHa in vitro MIHTEHCUBHOCTb CUHTE3a JINNUAOB Pa3J/INYHbIX K/1aCCOB (XUPHbIX KUC/IOT, X0J1e-
crTeponaa, ochponunuagoB v aunaranLeposioB) B rOMOreHarax XvpOoBOUW TKaHu rnocse OAHOKPAaTHOM
exenHeBHoV B TedeHne 30 cyTok Harpy3ku 6esibix KPbIC Y MOPCKUX CBUHOK xonecteposiom (300 mr/kr
maccel Tena). [lns aToro B romMoreHatax XvpOoBOU TKaHu 6GeJibix KPbIC Y MOPCKUX CBUHOK, KOTOPbIE
WHKYOupoBain oTaesnsHo ¢ [6-"*C] rnoko3oi, [2-*C] nuauHom vy [1-“C] nanbMuUTUHOBOWV KUCIOTOM,
onpeaensiv paanoakTUBHOCTb JINMUAHbBIX GpakLUmii. YCTaHOBIEHO MHIMBUPYIoLLee BJINSHUE XoaecTeposa
B YCJIOBUSIX MOBBILLEHVSI €r0 YPOBHSI B paLyoHe Oesibix KPbIC M MOPCKUX CBUHOK HA CUHTE3 BCEX KJ1aCCOB
JINMUAO0B B XWPOBOV TKaHW in Vitro rnpy ncrosib30BaHuM B KA4€CTBE MPeALIeCTBeHHUKOB [6-"*C] rimoko3bl n
[2-"*C] nu3uHa n Ha CuUHTE3 xoJsiecTeposia rnpu NPUMEHeHUy B KayecTBe rnpealuectBeHHuka [1-C]
najibMUTUHOBOM KUCJIOTHI.

KJTIOYEBBLIE CJ/IOBA: nunupabl, X0NeCcTepos, KPbiCbl, MOPCKME CBUHKU, XUPOBAA TKaHb,
runepxosnecreposieMus.
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