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PATHOGENETIC ASPECTS OF HYPOLIPIDEMIC DRUGS
ANTIMICROBIAL POTENTIAL IN METABOLIC SYNDROME
THERAPY: A THEORETICAL STUDY

Topicality. Metabolic syndrome (MS) is an extremely common medical and social problem. However, there is no
modern understanding of the MS ethiopathogenetic mechanisms. Debates about MS discuss different versions of the
development of this symptom complex, when each of the clusters can be primary in the pathogenesis of MS. Therefore,
any metabolic processes disorders in the human body are always accompanied with and lead to a changes in quantita-
tive and qualitative microbiocenoses composition, and vice versa, microbiota imbalance may induce the development of
pathological states including MS.

Aim. To analyze the published data that concern antimicrobial potential of modern drugs with lipid-lowering proper-
ties used in complex therapy of MS.

Materials and methods. Lipid-lowering agents and their direct or indirect antimicrobial effect may cause the micro-
biota imbalance in the human body. While studying the data, we analyzed antimicrobial potential of modern drugs with
lipid-lowering properties used in complex therapy of MS. We studied recent research in the field of microecology and the
results of significant effect in normal microflora on metabolic processes.

Results and discussion. According to modern concepts, an important pathogenetic link in the obesity and MS
development is the imbalance in normal intestinal microflora. At the same time, lipid-lowering agents can have a direct
or indirect antimicrobial effect and, consequently, cause an imbalance of microbiota in the human body. Thereby;, it is
important for the therapy effectiveness to take into account the significant antimicrobial potential of drugs used in the
correction of metabolic disorders.

Conclusions. The future complex antimicrobial properties study of drugs used in the correction of described patho-
logical states has a good perspective.
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M. M. Bestuka, H. 10. llleBesiboBa, 1. 10. TuilieHKO
IlaToreHeTUYHi aCEKTH aHTUMIKPOGHOI0 NOTEHIia/ly rimoJiinieMiyHuX npenaparTiB

y Tepamnii MeTa60/1iYHOr0 CHHAPOMY: TEOPETHYHE AO0CTiJKEHHS

AkTyasnbHicTb. Ha Tenepiurniii yac Meta6osriyauit cuuzipom (MC) € HaI3BUYaHHO NOIIKMPEHOI0 MEeAMYHOIO i Colliasib-
HOI0 npo6JieMolo. OJHaK €AUHOTO PO3YMiHHS eTioNaTOreHeTUYHHX MexaHi3MiB po3BUTKY MC HeMae. O6roBopIOIOThCS
pi3Hi Bepcii po3BUTKY LbOr0 CUMITOMOKOMILJIEKCY, /le KOXKEH 3 KJIacTepiB Moxe OyTHU NMepBUHHUM y natoreHesi MC.
Mix iHIIMM, 6YAb-sIKi HOPYIIEeHHs MeTaboTiYHUX NPOLeCiB OpraHiaMy JIIOAVMHH 3aBXK/JU CYNPOBOPKYIOThCSI 1 TPU3BO-
JATH 10 3MiHU KiJIbKiCHOTO i IKiCHOTO CKJIaZy MiKpo6ioreHo3iB, i HaBnaky, AucbasaHc MiKpo6ioTH Moxe iHAYKyBaTH
PO3BUTOK NMaTOJIOTYHUX CTaHiB, 30KpeMa i npu MC.

MeTa po6oTu. Oryi/ NpUCBAYEHUH aHaIi3y JiTepaTypHUX JaHUX NP0 HasfBHICTb aHTUMIKPOOGHOTO MOTeHLiany
y Cy4YaCHMX NpenapariB 3 rinoJinifeMivHUMH BJIACTUBOCTSIMHY, SIKi BUKOPHCTOBYIOTHCS B KOMILIEKCHIH Tepamii MeTa-
60JI{YHOT0 CUH/POMY.

Pe3synbTaTH Ta iX 06roBopeHHs. BianosifHO 10 cy4acHUX ysBJIeHb BaXJIMBOIO IATOr€HETHYHOO JIAHKOIO B PO3-
BUTKY OXKHDPIHHA | MeTa60JIiYHOr0 CHHPOMY € NMOPYLIeHHsI HOpMaJbHOI MiKpodiopH KHIIeYHUKA. A rinosinigeMivHi
3aco06u MOXKyTb Ha/laBaTH NPSIMUI 260 orocepeJKOBAaHUM aHTUMIKpPOOHUM edeKT , a 0TKe, BUKJIMKATHU JucbaaHC MiKpO-
6ioTH B opraHismi itogrHu. ToMy 06J1ik 3HaYMMOT'0 aHTUMIKPOGHOT0 MOTEHIialy Npenaparis, 1[0 BUKOPUCTOBYIOThCS
B KOpeKIlii MeTa6o/iYHUX OPYIIeHb, MAa€ BXK/INBE 3HAUYeHHs /151 epeKTHBHOCTI NpoBeieHoi Teparii.

BucHOBKH. [171aHyBaHHsI BUBYEHHS KOMIIJIEKCHOTO aHTUMIKPOOGHOr0 NOTeHialy penaparis, 1[0 BUKOPUCTOBY-
I0ThCSA B KOPEKIlii MeTaboJIiuHOr0 CHH/IPOMY, € TEPCIIeKTUBHUM.

Katouoei cnosa: mema6oaivHutll cuHOpoM; aHMUMIKpOOHA akmueHicmy,; ducainidemii

M. M. Besiukasg, H. E. llleBeneBa, U. 10. TumeHko
I[IaToreHeTuyeckKue acrneKThbl aHTHMHKp06HOF0 NnoTeHuaJia rMnoJimnuaeMuyeCcKux
npemnapaTtoB B Tepanuu MeTa60/IM4eCKOro CUHJAPpOMaA: TeoOpeTHYEeCKOoe uccjiejoBaHue

AKTyanbHOCTb. B HacTosi1iee BpeMsi MeTabosimuyeckuid cuHpoM (MC) siBJisieTcsl Ype3BbIYalHO pacnpoCTpaHeH-
HOU MEeJUIMHCKON U COLMaTbHOM npo6ieMol. OHAKO eAUHOr0 MOHUMAaHUS 3THONATOr€HETHYECKUX MEXaHU3MOB
pa3Butus MC HeT. O6CyK/Jal0TCs pa3/IMUHbIe BEPCUM PA3BUTHS 3TOr0 CUMIITOMOKOMIIIEKCA, I/le KXKAbIA U3 KJIacTe-
POB MOXXeT ObITh NepBUYHBIM B naToreHeze MC. Mexay TeM, Jit0Oble HapylleHUs] MeTab0/IM4YeCKUX MPOLLeCCOB Opra-
HH3Ma YesIoBeKa BCerja COMPOBOXK/AIOTCS U MPUBOASAT K U3MEHEHUIO KOJIMYECTBEHHOTO U Ka4eCTBEHHOI0 COCTaBa
MHUKpPOGHOILIEHO30B, ¥ HA000POT, JHUC6aJIaHC MUKPOOHOTHI MOXKET UHJYLHPOBATh Pa3BUTHE MATOJIOTHYECKUX COCTOSI-
HUMH, B TOM yncie u npu MC.

Ilesb pa6oTsl. 0630p MOCBAIIEH aHAIN3Y JUTEPATYPHBIX JAHHBIX O HAJTUYUHA aHTUMUKPOGHOTO MOTEHLHANA ¥
COBpPEMEHHBIX NTPENapaToB C FUIOJUIHAEeMUYECKUMHU CBOUCTBAMHY, HCII0/Ib3YEMbIX B KOMILJIEKCHOH Tepaluy MeTa6o-
JINYECKOT'0 CUH/POMa.

Ozans008i cmammi



ISSN 2519-8750 (Online)

Ukrains'kij biofarmacevti¢nij Zurnal, No.4 (51) 2017

ISSN 2311-715X (Print)

Pe3ynbraThl M MX 06CykaeHue. CoryiacHO COBpEMEHHBIM MPe/CTaBIEHUSIM BXKHbBIM [IATOreHETUYECKUM 3BEHOM
B PasBUTHH OXKUPEHHUsI U MeTa60JIN4YEeCKOr0 CUH/POMA SIBJISIETCS HapylleHne HOPMaJbHOM MUKPODJIOPh! KUILIEYHH-
Ka. A THUIIOJIMNIN/IeMUYeCcKHe Cpe/ICTBA MOTYT OKa3bIBaTh NMPSAMOM MJIM ONOCPeI0BaHHbIH aHTUMUKPOGHBIN 3 dEKT U,
C/leIoBaTe/IbHO, BBI3BIBATH UCOaTaHC MUKPOOGHOTHI B OpraHu3Me YesioBeKa. M yueT 3Ha4MMOro aHTHMHKPOGHOTO 110-
TeHLMaJIa IpenapaToB, UCIOJIb3YIOIIMXCS B KOPPEKLUN MeTab0JIMYECKUX HapyLIeHUH, UMeeT BaXKHOe 3HauYeHue JJIs

3¢ PeKTUBHOCTH NPOBOANMON TepaInHuH.

BoiBoAbL. [ls1aHMpOBaHNE H3yYeHHsT KOMIIJIEKCHOT0 aHTUMUKPOGHOTO0 OTEHIMaIa IPENapaToB, UCIO/Ib3YOIUX-
€Sl B KOPPEKIUU METAB0JMYECKOT0 CUH/[POMA, SIBJIIETCS EPCIEKTUBHbBIM.
Karouegvwle cio08a: memaboauveckuli CUHOPOM; GHMUMUKPOOHASI AKMUBHOCMY, ducaunudemuu

INTRODUCTION

Metabolic syndrome (MS) is defined as a complex
of dynamic metabolic disorders and hormonal balance
of the body. Today, MS is an extremely common medical
and social problem. World Health Organization (WHO)
experts note an increase in the incidence of MS among
people in many countries around the world: in Western
Europe, Australia and the United States the MS preva-
lence is on average 25-35 %, in China the incidence of
MS has reached epidemiological proportions [1, 2, 3]. In
addition, if earlier MS was considered a “disease” of the
elderly, now this state is registered in young people, in-
cluding children [4, 5]. The MS prevalence depends on
sex, age, ethnicity and the diagnostic criteria used, and
its highest occurrence is observed in economically de-
veloped countries [6, 7]. The criteria for MS are abdomi-
nal obesity, hypertension, lipid spectrum alterations, and
carbohydrate metabolism disorders [8, 9].

However, at present there is no common understan-
ding of the ethiopathogenetic mechanisms of MS develop-
ment. Therefore, much attention is paid to study of the
reasons that caused MS. Most often insulin resistance (IR)
is indicated as a primary pathogenetic mechanism [10, 11].
Also, in recommendations of WHO (1998), European Group
for the Study of Insulin Resistance (EGIR, 1999) and Ame-
rican Association of Clinical Endocrinologists (AACE, 2003)
IR was identified as the main component of MS. Howe-
ver, a number of researchers consider obesity to be the
main link in the MS pathogenesis [11, 12]. In addition,
the leading role of arterial hypertension and lipid me-
tabolism disorders in the MS pathogenesis is not exclu-
ded [13, 16]. There are a number of studies showing that
dyslipidemia can be a predictor of MS development, and
lipid metabolism in the form of deficiency in polyunsa-
turated fatty acid cells is the cause of the IR development
[14, 15, 16]. Debates about MS discuss different versions
of the development of this symptom complex, when each of
the clusters can be primary in the pathogenesis of MS [17, 18].

Recent research in the field of microecology de-
monstrates a significant effect of normal microflora on
metabolic processes. Microorganism metabolites can be
effectors, cofactors and signal molecules that regulate the
rate and severity of metabolic reactions both in normal and
in pathological processes [19, 20]. In addition, the micro-
biological model has changed today- unicellular micro-
organisms are considered as integral microbial associa-
tions, representing a separate organ — microbiota [21].

And the relationship “the human body - the intestinal
microbiota” is evaluated as a single macroecological sys-
tem of the body. Therefore, any metabolic processes dis-
orders in the human body are always accompanied with
and lead to a changes in the quantitative and qualitative
microbiocenoses composition, and vice versa, imbalan-
ce of the microbiota can induce the development of pa-
thological states including MS.

One of the factors that caused the changes in human
microbiota is the repeated and repeated effects of various
antibacterial drugs, especially in industrially developed
countries [22, 23], which correlates with the prevalence
of pathological changes in MS. Because of these states
polyethiologic nature, medicinal preparations of various
pharmacological groups are used to their pharmacologi-
cal correction. The drugs that used have a number of side
effects, the development mechanisms of which in most
cases have not steel explained and can be directly or in-
directly related to the antimicrobial activity of these drugs.
We previously identified possible antimicrobial effects
in individual groups of drugs used in the treatment of
type 2 diabetes mellitus, as in one of the main disorders
of carbohydrate metabolism in MS [24].

The aim is to analyze the antimicrobial potential of
modern drugs with lipid-lowering properties used in the
MS complex therapy. Currently, the following groups of
drugs are used to hyperlipidemia pharmacological cor-
rection: 3-hydroxy-3-methylglutaryl-coenzyme A-reduc-
tase inhibitors (statins), bile acid sequestrants (BAS), fi-
brolic acid derivatives, nicotinic acid and omega-3 poly-
unsaturated fatty acids (PUFAs).

MATERIALS AND METHODS

Lipid-lowering agents and their direct or indirect anti-
microbial effect may cause the microbiota imbalance in
the human body. While studying the data, we analyzed
antimicrobial potential of modern drugs with lipid-lowe-
ring properties used in complex therapy of MS. We studied
recent research in the field of microecology and the re-
sults of significant effect in normal microflora on meta-
bolic processes.

RESULTS AND DISCUSSION
Statins are steel remained unconditional leader among
drugs for the dyslipidemia treatment [25]. The statins
mechanism of action is associated with competitive in-
hibition of the enzyme - hydroxymethylglutaryl-CoA re-
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ductase (HMG-CoA reductase), which catalyzes the cho-
lesterol synthesis in the liver cells, as well as the reflex
increase in the receptors for low-density lipoprotein (LDL)
in the liver. Thus, the amount of LDL in the blood plasma de-
creases. Statins also inhibit the absorption of exogenous
cholesterol (ingested with food) in the intestine. In ad-
dition to hypolipidemic action, statins have a direct ef-
fect on the vascular wall, which is manifested in improving
the endothelium functional state, reducing the severity
of inflammation and slowing down the formation of throm-
bus. Thus, statins are the first choice drugs in patients
with cardiac ischemia, hyperlipidemia/dyslipidemia and
a high risk of coronary or cerebral complications [26].
Complications associated with the use of statins, studied
well enough. The most dangerous are myopathies and
rhabdomyolysis. In addition, some patients have statin-
induced changes in the central nervous system, manifes-
ted as headaches, insomnia, dizziness, fatigue. However,
first of all, the side effects of statin therapy are associated
with the gastrointestinal tract - dyspepsia, abdominal pain,
diarrhea, nausea, exacerbation of gastrointestinal disea-
ses, anorexia, pancreatitis, cholestatic jaundice, increased
liver transaminases several times.

Natural statins - lovastatin and compactin are for-
med by mycelial fungi, representatives of the genera Asper-
gillus, Penicillium, Paecilomyces, Trichoderma, Hypomy-
ces, Phoma, Deratomyces, Gymnoascus and Menascus [27].
Taking into account their nature, it can be assumed that
they have an antibacterial effect. And, indeed, recently
there were publications in which the presence of direct
antibacterial action on gram-positive and on gram-nega-
tive microorganisms in vitro is proved [28]. Statins such
as simvastatin, atorvastatin, rosuvastatin, and fluvasta-
tin have demonstrated a bacteriostatic effect against Gram-
positive Staphylococcus spp., Streptococcus spp., Entero-
coccus spp., and bacteria of the genus Bacillus and Gram-
negative Pseudomonas aeruginosa, Acinetobacter spp.,
Klebsiella pneumonia, Proteus spp. [28]. In addition, simva-
statin has shown its bactericidal action against bacteria
of the genus Moraxella and Borrelia [28]. An in vivo study
in mice showed that adding simvastatin to the regimen
significantly reduced the time needed to cure tuberculo-
sis infection and reduced the relapse rate to 20 % after
3.5 months of treatment [29]. However, the mechanism
of statins action on the bacterial cell is still unclear, and
an active search for an answer to this question is cur-
rently underway. But the presence of a direct antibacte-
rial effect indicates the ability to cause changes in the
intestinal microflora and the gastrointestinal tract func-
tional disorders.

Fibrolic acid derivatives - fibrates - stimulate per-
oxisome proliferation and activate peroxisome enzymes,
transmitting the signal to the gene level through a spe-
cific receptor - peroxisome proliferator-activated recep-
tor alpha (PPARa), which is a transcription factor. This
leads to the lipoprotein lipase activation that increases
the very-low-density lipoprotein (VLDL) breakdown. In

addition, fibrates reduce the formation of triglycerides
and apolipoprotein B. Fibrates have the ability to enhan-
ce the hypoglycemic drugs action that gives them an ad-
vantage in treating hyperlipidemia in patients with dia-
betes mellitus. By lowering the level of triglycerides, fib-
rates cause local anti-inflammatory effect in the vascu-
lar wall affected by the atherosclerotic process, inhibi-
ting the production anti-inflammatory substances by macro-
phages and as a consequence inhibit atherogenesis. Side
effects of their use include: dyspeptic disorders such as
abdominal pain, nausea, vomiting, diarrhea and flatulen-
ce, moderate allergic reactions, leukopenia, as well as in-
creased hepatic enzymes activity and cholelithiasis. While
we study the question of the possible antimicrobial ef-
fect of fibrates, we encountered single publications on
the activity of fenofibric acid and clofibrate against euka-
ryotes [30, 31]. Apparently, this effect is associated with
the ability of fibrates to inhibit the intracellular lipid mo-
lecules transfer. Along with this, in the scientific litera-
ture there is no information on the direct antibacterial
activity of fibrates, however, taking into account the abo-
ve-mentioned effects, one can assume their negative ef-
fect on the normomicrobiocenosis of the intestine.

Bile acid sequestrants (ion exchange resins) are used
as second-line drugs in combined therapy with statins
to obtain an additional effect at a high level of choles-
terol-LDL (LDL-Ch). BAS disrupt bile salts enterohepatic
circulation. Bile acid recycling interruption increased excre-
tion with feces and depletion of cholesterol in the liver -
all these mechanisms lead to an increase in the expression
of LDL receptors in hepatocytes, which in turn leads to a
decrease in the blood plasma cholesterol level. BAS conti-
nuous administration stimulates the reductase HMG-CoA
activity (secondary effect), so they are often combined
with statins. Their side effects are mainly due to the fact
that they in the intestine adsorb not only bile acids but
also some digestive enzymes (digestion, bloating, heart-
burn, flatulence and liquid stool may be alterated). Long-
term administration of BAS high doses can also disrupt
the absorption of fat-soluble vitamins (A, D, E), folic acid
and other medications taken. However, the binding of fat-
ty acid (FA) salts may inhibit their antimicrobial action
and can cause excessive bacterial growth and lead to the
microecological abnormalities development. The normo-
flora influence on fat metabolism, metabolism of FA salts,
cholesterol, glucose, energy homeostasis is well-known.
Therefore, there is a necessity of special studies on the
BAS therapy effect on the intestinal microflora composi-
tion [32].

Like bile acid sequestrants, nicotinic acid is a tradi-
tional lipid-lowering drug and is used for about 35 years.
Nicotinic acid in lipid-lowering doses suppresses the free
fatty acids (FFA) release from adipose tissue adipocytes
and accordingly lowers their plasma concentration, which
is accompanied by a decrease in the total amount of syn-
thesized cholesterol-VLDL (VLDL-Ch) and apo-B. Because
LDL-Ch is formed as a result of VLDL catabolism, a decrease
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in the amount of cholesterol produced by the VLDL-Ch
can be accompanied by a decrease in plasma LDL-Ch con-
centrations of and total cholesterol. In addition to this
mechanism, the main ways to reduce the concentration
of triglyceride (TG) can be nicotinic acid mediated sup-
pression of de novo lipogenesis, as well as suppression
of the esterification process, i.e. formation of TG from FA
in hepatocytes. It was recently found that nicotinic acid
not only normalizes the lipoprotein exchange, but also
affects the immune system cells by stimulating their re-
ceptor - G protein-coupled receptor (GPR)109A activity
and this leads to a decrease in the intensity of the vascular
sclerosis inflammatory component [33]. Serious compli-
cations of nicotinic acid administration include impai-
red liver function and increased blood glucose level. Ano-
ther relatively frequent group of side effects are gastro-
intestinal: nausea, diarrhea, less often - heartburn, vomi-
ting, increased or decreased appetite. Taking into acco-
unt the above, we can assume the effect of nicotinic acid
on the autoflora of the intestine.

Thus, lipid-lowering agents have different mechanisms
of action, differ in pharmacodynamic and pharmacoki-
netic parameters, and some of them, according to the type
of cell-receptor interaction and the chemical nature, can
have a direct or indirect antimicrobial effect and, conse-
quently, cause a microbiota imbalance in the human body.

Recently, numerous scientific reports have reported
the possible role of intestinal normoflora in the obesity
and MS pathogenesis [34, 35]. It has been experimentally
proved that the degree of severity of microbiota altera-
tions correlates with the excess body weight indices, and
in people with excess body weight, the total metabolic
activity of obligate microorganisms has decreased [36].
It was shown that food with a high fat content caused
an increase in the proportion of intestinal Gram-nega-
tive microbiota, thus contributing to an increase in the
bacterial lipopolysaccharides intestinal absorption. And
this led to the “metabolic endotoxemia” development as
one of the factors of the obesity progress [35].

In addition, one of the main microflora functions is
the carbohydrate utilization. As is known, the main end

products of indigestible carbohydrate fermentation are
short-chain fatty acids (SHFAs), which are an energy
substrate for many body tissues. SHFAs are not only di-
rectly participate in energy metabolism, but also perform
a signal function by activating GPRs. Thus, GPR43 is exp-
ressed in most cells of the gastrointestinal tract, as well
as in adipose tissue and immune cells. And the activation
of this receptor enhances the immune response against
the intestinal pathogenic flora [37]. GPR41 is expressed
in neuroendocrine L-cells and sympathetic ganglion cells
[38]. It was experimentally shown that activation of this
receptor led to energy expenditure in laboratory animals,
which confirms the participation of SHFAs in maintaining
the energy homeostasis in the body.

It is interesting that in non-microbial animals much
more cholesterol is accumulated in the liver than in the
control group, the bile FA concentration increased in se-
veral times, and the cholesterol absorption also increa-
sed by not less than in 25% [39]. Moreover, recent studies
have shown that the presence of microflora is necessary
for the FA metabolic effects development.

CONCLUSIONS

Thus, an important pathogenic link in the obesity and
MS development is the normal intestinal microflora im-
balance. In turn, metabolic disorders lead to an imbalan-
ce of dynamic equilibrium in the macro-organism-micro-
organism system. From these positions, it is interesting
not only to study the possible antimicrobial effect of in-
dividual drugs, but also to analyze the possible interac-
tion of different pharmacological drug groups concer-
ning antimicrobial potential. Despite this, we have not seen
any data about such studies. However, it is important to
consider the significant antimicrobial potential of drugs
used for the metabolic disorders correction in order to
increase the therapy effectiveness. The future complex
antimicrobial properties study of drugs used in the cor-
rection of described pathological states has a good per-
spective.

Conflict of Interests: authors have no conflict of
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