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The syndrome of insulin resistance (IR) is one of the leading reasons for the increased risk of
cardiovascular diseases and their complications. Among the key components of IR are obesity and
dyslipidemia. Hydroxycitric acid (HCA), an inhibitor of a key enzyme of lipogenesis ATP citrate lyase (ACLY)
is a promising obesity treatment agent. The aim of this work was to investigate the effect of HCA on lipid and
lipoproteins content in the blood serum, as well as lipid content and activity of some lipid metabolism enzymes
in the liver of hamsters with IR. IR was modeled by keeping animals on high-fat diet with addition of fructose.
Lipid content was determined by using standard reagent kits, the level of lipoproteins, the activity of glucose
6-phosphate dehydrogenase and ACLY — spectrophotometrically, lysosomal lipase activity — fluorimetrically.
Development of hyperlipidemia and atherogenic dyslipidemia, lipid accumulation in the liver, activation of
lysosomal lipase and ACLY and reduction of glucose 6-phosphate dehydrogenase activity were shown under
IR. The treatment by HCA reduces the manifestations of hyperlipidemia, but enhances the lipid accumulation
in the liver.
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metabolic syndrome components) is the most

common systemic disease characterized by dis-
turbance of all types of metabolism, and high risk of
complications associated with cardiovascular system
impairment. Great social significance of this disease
is that it leads to early disability and high mortality.
Some of the key components of insulin resistance are
obesity and dyslipidemia [1].

ATP-citrate lyase (ACLY) is a key lipogenesis
enzyme that converts citrate into acetyl-CoA in the
cytoplasm; acetyl-CoA is an initial precursor that
after connection of carboxyl group gives a malonyl-
CoA for the fatty acids biosynthesis. Cytosolic cit-
rate is a derivative of the mitochondrial tricarboxylic
cycle, that is why ACLY catalyzes a critical reaction
which connects glucose catabolism and lipid synthe-
sis [2].

Lipogenesis is a metabolic pathway that is coor-
dinately regulated in the response to nutritional and
hormonal stimuli. It has been shown that dysregu-
lation of lipogenesis significantly contributes to the
occurrence of dyslipidemia and metabolic disorders
[3]. At the same time, the metabolic contribution of
each separate lipogenic enzyme in lipid metabolism
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and also in whole body energy homeostasis is poorly
understood [4-6].

According to the literature, the amount of both
acetyl-CoA and malonyl-CoA is markedly decreased
in liver, irrespective of dietary fat intake, and also
the level of triacylglycerol and free fatty acids drop
in the blood with ACLY knockout. On this back-
ground the liver lipid range also changes [2].

Among the drugs and functional foodstuffs that
are used to the obesity treatment, the popularity of
products from Garcinia Cambogia (Garcinia gum-
mi-gutta L.) is coming up now; hydroxycitric acid
(HCA) is an active substance of mentioned Garcinia
products. The proposed mechanism of HCA action
lies in a competitive ACLY inhibition, but the ex-
perimental studies of Garcinia drugs are isolated
cases [7, 8].

Based on the above, the exploration of ACLY
activity and lipid metabolism profile using the hy-
droxycitric acid appears to be topical.

Materials and Methods

24 male Syrian hamsters (Mesocricetus aura-
tus L.) at the age of 20 weeks at the beginning of
experiment were used. Animals have been divided
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into 3 groups by 8 in each one: 1) intact animals that
were kept on a standard diet 2) group of animals
with insulin resistance syndrome (IR) — group which
diet contained 29% of animal fat [9] with addition of
fructose (2.5 g/100 g of body weight per day) [10],
5 weeks (IR group) 3) animals which have been ad-
ministered intragastrically the HCA (STIFIMOL
preparation manufactured by Kyiv Vitamin Factory)
at the daily dose of 5 mg/kg body weight starting
from 3 week of insulin resistance syndrome model-
ling (IR+ST group). After 5 weeks the animals were
decapitated under chloralose-urethane anesthesia.
The studies were conducted in accordance with na-
tional General ethical principles of animal experi-
ments (Ukraine, 2001), which are consistent with
provisions of the European Convention for the Pro-
tection of Vertebrate Animals used for Experimental
and other Scientific Purposes (Strasbourg, 1986).

The studied objects were the blood serum and
liver of laboratory animals. A 25% homogenate and
postmitochondrial and mitochondrial fractions were
prepared from perfused liver by differential centrifu-
gation.

The development of IR was confirmed by the
blood serum level of glucose and insulin in fasting
state, calculating insulin resistance index using the
algorithm Homeostasis Model Assessment (the data
are not included in the article).

Total lipids concentration was determined
using a standard kit (Eagle Diagnostics, USA) in a
reaction with vanillic reagent. The content of triacyl-
glycerols was determined using a standard enzyma-
tic glyceroloxidase assay kit (KONE Oy, Finland).
Total cholesterol content was determined by stan-
dard enzymatic cholesteroloxidase kit (Boehringer
Mannheim GmbH diagnostica, Germany). The con-
tent of free fatty acids (FFA) was determined using
colorimetric method [11].

Lipoproteins of blood serum were fraction-
ated by disc electrophoresis in vertical polyacryla-
mide gel plates (160x140x2 mm) [12]. a-lipoprotein,
pre-p- and B-lipoproteins, the amount of which is
called apo-B-containing lipoproteins were identified
at the electropherograms. Stained by black sudan 10
lipoproteins were eluted, the light absorption of elua-
te was measured spectrophotometrically at 595 nm
[13].

The activity of glucose 6-phosphate dehydroge-
nase (G-6-PDG, EC 1.1.1.49) was determined spec-
trophotometrically by NADP* reduction [14]. The
activity of lysosomal acid lipase (LL, EC 3.1.1.3)
was determined in lysosomal-mitochondrial liver

fraction by the hydrolysis of substrate — 4-methyl-
umbelliferyl oleate; hydrolysis product content was
determined fluorimetrically (E = 449 nm, 410 nm)
[15]. The activity of ATP-citrate lyase (ACLY,
EC 4.1.3.8) was determined using malate dehydroge-
nase associated method by the reduced NADH that
is oxidized by oxaloacetate formed in cytrate lyase
reaction [16]. Protein content was determined by the
Lowry method in the Miller modification.

Statistical analysis of the data was performed
using Statistica software package (StatSoft Inc.,
USA, version 6.0). The significance of differences
between groups was assessed by non-parametric
Mann-Whitney test.

Results and Discussion

Keeping animals on the described diet for 5
weeks led to insulin resistance development, which
was confirmed by insulin resistance index increasing
2.6 times in the parallel experiment (3.02 vs 1.78 in
the intact animals).

The obtained data are the evidence that high
energy diet lead to the hyper- and dyslipidemia that
are the typical signs of IR (Table 1): the content of
total lipids (TL) (mainly due to neutral lipids), lipo-
proteins (due to apo-B-containing ones) and non-
esterified fatty acids are increased in the blood of
experimental animals. Level of high-density lipopro-
teins (HDL) is somewhat reduced in this case.

All these changes have the pronounced
proatherogenic character and may point the lipid
metabolism shift in animal’s organism towards the
lipids accumulation and adipose tissue redistribu-
tion in favor of the visceral one. The latter fact is
confirmed by free fatty acids (FFA) accumulation
in blood, at that the main FFA source in metabolic
syndrome is lipolysis activation in adipose tissue.
The use of HCA significantly reduces all the studied
parameters, except FFA and total cholesterol (TC),
their content remains increased. Such changes are
the indicators of: 1%, the fatty acids source in the
serum is not their synthesis de novo that should be
slightly suppressed by HCA action, but the active
lipolysis, and 2™, more complex cholesterol metabo-
lism regulation exists along with its synthesis from
components of non-carbohydrate nature.

The assumption about predominant role of
lipolysis activation in FFA release into blood under
high-caloric diet condition is supported by the data
of lysosomal acid lipase activity in the liver of ex-
perimental animals (Table 2). This activity increased
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Table 1. Some parameters of lipid metabolism in Syrian hamsters males serum with insulin resistance syn-

drome (IR group) and under hydroxycitric acid administration (IR+ST group) (M + m, n = 8)

Group of animals

Parameters Intact animals \ IR IR+ST

Total lipids, mg/ml 6.25 + 0.39 7.29 £ 0.21* 5.78 £ 0.22**
Free fatty acids, mmol/I 1.64 +£0.16 2.29 + 0.25* 2.08 + 0.15*
Triacylglycerols, mg/ml 157+0.22 2.00 +£0.13* 1.36 + 0.11**
Total cholesterol, mmol/I 2.84£0.15 3.71+0.18* 3.56 + 0.19*
Total lipoproteins, mg/ml 6.72 +0.33 7.77 £0.18* 6.89 £ 0.37**
ApoB- lipoproteins, mg/ml 5.66 +0.34 6.68 + 0.21* 5.32 £ 0.28**
High-density lipoproteins, mg/ml 1.01 £ 0.02 0.85 + 0.08* 115 £0.07**

Here and in Table 2: * the differences are substantial as related to intact animals (P < 0.05); ** the differences are sub-

stantial as related to IR group (P <0.05).

2.35-fold compared to the intact animals and re-
mained high when HCA was used.

As for lipogenesis inhibition that occurs be-
cause of decreased carbohydrate-derived substrates
flux due to HCA usage, it correlates with a decrease
of G-6-PDG activity observed under experimental
IR condition and amplified under STIFIMOL action
(Table 2).

We obtained data on the decrease of ACLY
activity under the STIFIMOL usage (Table 2), and
they confirm the assumption about HCA effect rea-
lization by virtue of this enzyme inhibition. The
consequence of such action should be a switching
the FFA synthesis (and, to some extent, cholesterol
as well) to non-carbohydrate sources of acetyl-CoA,
particularly to FFA resynthesis from food lipids.

It is needed to pay attention to the increase of
total lipid level in the liver tissue, particularly tria-

cylglycerols (TAG) accumulation which is observed
in animals received the energy food and this accu-
mulation is strengthened by the HCA administration
(Table 2). Such effect under IR conditions is probab-
ly a result of the FFA utilization that come to the
liver from blood in the context of active lipolysis
and leads to secretion of lipoproteins (LP) enriched
by TAG and serves as additional pro-atherogenic
factor. Since a secretion of apo-B-containing LP is
apparently somewhat reduced at the HCA applica-
tion (Table 1), TAG accumulation in the liver can
lead to lipidosis, and later to hepatic steatosis. Per-
haps, more significant LL activation at the HCA ad-
ministration as compared to model pathology group
(Table 2) is an attempt to compensate for TAG ac-
cumulation through their degradation and oxidation.

The dangerous consequence of HCA usage is
a decrease of cholesterol content in liver that does

Table 2. Some parameters of lipid metabolism in Syrian hamsters males liver with insulin resistance syn-
drome (IR group) and under hydroxycitric acid administration (IR+ST group) (M £ m, n = 8)

Group of animals

Parameters .
Intact animals \ IR \ IR+ST

Total lipids, mg/g 112.62 + 2.66 143.59 * 2.65* 177.32 £ 1.56***
Triacylglycerols, mg/g 1595+ 1.23 25.01 + 1.18* 32.12 + 1.22%**
Total cholesterol, mcmol/g 515+0.25 7.25 +0.18* 4.98 + 0.25**
Activity of glucose 6-phosphate
dehydrogenase, nmol/mg-min 444 +0.28 313 +£0.28* 2.29 + 0.25%**
Activity of lysosomal acid
lipase, nmol/mg-min 0.54 £ 0.03 1.27 £ 0.09* 145+ 0.12*
Activity of ATP-citrate lyase,
mcmol NADH/mg-min 0.32+£0.02 0.57 £ 0.03* 0.28 £ 0.02**

80



A. L. Zagayko, A. I. Shkapo, V. P. Fylymonenko, T. O. Briukhanova

not correspond to increased cholesterol level in the
blood (Tables 1-2). Obviously, these changes are a
manifestation of active transport of cholesterol (as
esters) to the tissues, and such transport probably
performs within the lipoproteins hydrophobic phase
due to lack of triglycerides, and can be considered as
unfavorable atherogenic factor and evidence of a dis-
turbance of the cholesterol usage for the synthesis of
biologically active steroids that may have postponed
negative consequences.

Thus, application of hydroxycitric acid (ACLY
inhibitor) under the experimental IR is characteri-
zed by ambivalent action: on the one hand, it causes
the decrease of hyperlipidemia manifestations and
therefore can have somewhat adjusted the signs of
lipid toxicity that are typical for IR, but on the other
hand, this compound does not exhibit the inhibitory
effect on lipolysis, it may further distort the distinct
parts of lipid metabolism and cause the TAG accu-
mulation in the liver, which in turn leads to hepatic
lipidosis. Given the obtained experimental data, it
may be concluded that further careful investigation
of the HCA effect on the various organism systems
and the application terms to avoid possible adverse
effects is needed.

BILIUB I'ILIPOKCUJIMMOHHOJ
KHUCJIOTHU HA TIOKA3HUKHA
METABOJII3MY JIIIAIB Y
CUPINCBKUX XOM’SITUKIB

3A EKCOEPUMEHTAJIBHOI'O
CUHJAPOMY
IHCYJIIHOPE3UCTEHTHOCTI
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Cunjgpom iHcyninopesuctentHocti (IP) € ox-
HUM 13 BU3HAYAIBHUX Y 3POCTaHHI CEPLEBO-CYIUH-
HUX 3aXBOPIOBaHb Ta iXHIX HaciakiB. KiouoBumu
KoMmroHeHTaMu [P € oxupiHHS Ta IuCiniaeMis.
lnppokcunumonna kucnora (IJIK) — iariGitop
KJIFOYOBOTO €H3UMY JinoreHe3y ATP-murpatiiasu
(ALIJT) — mepcrneKTHBHHN KOPEKTOP OXKUPIHHSL.
Metorw pobotu Oyno gociigutu BrmB [JIK Ha
BMICT JIII/IIB Ta JIMONPOTETHIB Y CHPOBATIII KPOBi
XOM’SUKIB, @ TAKOK Ha BMICT JIIIiTiB i aKTUBHICTE
JICSIKMX CH3UMIB JIIMIJHOTO OOMIHY B MEYiHIl

tBapuH 3a IP. Cunapom IP mogpemtoBanu, yTpu-
MYIOYHU TBapUH Ha BUCOKOXKHPOBIH JI€TI 3 jona-
BaHHsIM (pykTosu. JlimiaM BH3HAYanmu 3a JOMO-
MOTOI0 CTaHAapTHUX HaOOpiB pEakTUBIB, PiBEHb
JIIONPOTETHIB, AKTHBHICTh TJIOK030-6-hocdar-
nerigporenasu ta AIJl — cnekrpodoromeTpuu-
HO, aKTHBHICTb JII30COMalbHOI Jinasu — (iryopu-
METpUYHO. BusBiIeHO po3BUTOK rinepiimigemMii Ta
aTEPOreHHOT JUCIIMIeMii, HAKOIWYCHHS JIiIliJliB
y TEUiHIl, aKTUBAIIF0 JIi30COMAJIbHOI JIima3u i
ATLJI 1 3HMKEHHSI aKTUBHOCTI TJFOK030-6-(ocdat-
nerigporenasu 3a IP. 3actocyBanns [JIK 3menmry-
BaJIO IIPOSIBY TiMEepIIinieMii, aje miJCuiIoBajo Ha-
KOTMTMYCHHSI JIIIJIIB Y MEeYiHIII.

KnwuoBi CcJIOBa: ATP-uutpar-
mia3a, TiAPOKCHIMMOHHA KHCJIOTa, 1HCYIIHO-
PE3UCTEHTHICTb, JUcainiaemMis, EYIHKOBU M
JIO1A03.

BJIUSAHUE I'MJIPOKCUJIUMOHHOM
KHNCJOTbI HA ITOKA3ATEJIN
METABOJIN3MA JIUITU OB Y
CUPUMCKHUX XOMSUYKOB IIPU
SKCIIEPUMEHTAJIBHOM CUH/IPOME
HHCYJIUHOPE3UCTEHTHOCTH
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Cunnpom nncynunopesuctentoctu (MP) sB-
JSeTCs OJHUM M3 OIPEACIAIONINX POCT cepled-
HO-COCYIUCTBHIX 3a00JICBaHUN W WX IOCJIEICTBUM.
KnroueBbimu komnonentamu 1P saBisirorcst oxxupe-
HUE U JUCTUNUAeMUs. | MApOKCHIUMOHHAS KUCIIO-
ta (I'JIK) — *HTUOUTOP KITIOYEBOTO SH3UMA JIUTIOTe-
Heza ATP-utparnuaser (ALJI) — nepcieKTUBHBII
KoppekTop oxupenus. Llenpio paboTsl ObLIO HC-
cnenosath BausiHue ['JIK Ha comepkanue JIUNNI0B
U JUIONPOTEHHOB B CHIBOPOTKE KPOBU XOMSUKOB,
a Tak)ke Ha CoJep’KaHWe JUMUIOB U aKTUBHOCTD
HEKOTOPBIX DH3MMOB JIMIIUIHOTO OOMEHa B Tieye-
HU )XUBOTHEIX ¢ P. Curapom WP monenuposanm,
coJiepXa >KMBOTHBIX Ha BBICOKO)KHMPOBOW THETE C
nobasienreM (PpykTO3bl. JIMMUIBI  OMpPEAeIIsITH
C TOMOIIBIO CTaHAAPTHBIX HAOOPOB PEAKTHBOB,
YPOBEHb JHUIOMNPOTEUHOB, AKTUBHOCTH TJIFOKO30-
6-dochar-neruaporenazsl u AIJI — cnekrpodo-
TOMETPUYECKH, aKTHUBHOCTH JIM30COMAJBHON JIH-
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nasbl — (IyopuMeTpUYecKU. BhisBieHBI pa3BuTHE
TUTNEPIUTINIEMUN U aTepOTeHHON AUCIUIINIEMUH,
HAaKOIUICHUE JIUIINUJIOB B NIEYEHU, aKTUBALUS JIN30-
comasipHOM Jumasel U1 ALJI U cHU)XKeHHE aKTUBHO-
CTH TJI0K030-6-docdar-geruaporenassl mpu HP.
[Ipumenenue I['JIK ymensano nposiBlIeHus TUnep-
JIMIUJEMUH, HO YCUIIMBAJIO HAKOIIEHUE JIUITHJIOB B
[IEYECHU.

KniwoueBbie cnoBa: ATP-nurparnuasa,
TUJPOKCUITUMOHHAS KUCIIOTa, HHCYJIMHOPE3UCTEHT-
HOCTb, JUCITUITMAEMUS, I€YCHOYHBIHN JIMITHI03.
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