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Héi chitng chuyén hoa do Valproate

Abstract: Valproic acid (VPA) and its salts (sodium calcium
magnesium and orotic) are psychotropic drugs that are widely
used in neurology and psychiatry. The long-term use of VPA
increases the risk of developing adverse drug reactions (ADRS),
among which metabolic syndrome (MetS) plays a special role.
MetS belongs to a cluster of metabolic conditions such as
abdominal obesity, high blood pressure, high blood glucose, high
serum triglycerides, and low serum high-density lipoprotein.
Valproate-induced MetS (VPA-MetS) is a common ADR that
needs an updated multidisciplinary approach to its prevention and
diagnosis. In this review, we consider the results of studies of
blood (serum and plasma) and the urinary biomarkers of VPA-
MetS. These metabolic biomarkers may provide the key to the
development of a new multidisciplinary personalized strategy for
the prevention and diagnosis of VPA-MetS in patients with
neurological diseases, psychiatric disorders, and addiction
diseases.
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1. Introduction

Metabolic syndrome (MetS) is the medical term for a
combination of diabetes mellitus, arterial hypertension, and
obesity [1-4]. It puts you at greater risk of getting cardiovascular
and cerebrovascular diseases. The MetS criteria [5-7] are
presented in Figure 1.

According to the Adult Treatment Panel, 111 edition (ATPIII) [8],
the prevalence of this disorder is variable in different regions of
the world, including: North America (USA)—23.7%; Europe—
18.4% among male and 14.4% among female; and Asia—28.8%
among male and 31.8% among female. In Russia, the prevalence
of MetS is 20% or more in people of reproductive age, and in
people over 60 years old it is about 47%, while in women it
occurs 2.4 times more often [9-11].

Metabolic Syndrome Criteria

Size waist circumference Blood pressure Laboratory testing

M:>102em >130/85 mm Hg Art
F:>88cm 76 level > 150 mg/dl (1.7 mmol /)

HDL <40 mg/dI (1.04 mmol)

Exception Fasting glucose & 100 mg/dL (5.6 mmol/
[DF criteria: M > 94 cm, F > 80 em Exception:

ATPII criteria: >110 mg/dL (6.1 mmol/L

Figure 1. Metabolic syndrome criteria.

Tém tit: Valproic acid (VPA) va mudi caa né (natri canxi magie
va orotic) 14 thudc huéng than dugc sir dung rong réi trong than
kinh hoc va tdm than hoc. Viéc sir dung VPA lau dai lam ting
nguy co phat trién cAc phan ting cé hai cua thuéc (ADR), trong
d6 hoi ching chuyén hoa (MetS) dong mot vai tro dac biét. MetS
thugc vé mot nhém céc tinh trang trao dbi chit nhu béo bung,
huyét ap cao, dwong huyét cao, chit béo trung tinh trong huyét
thanh cao va lipoprotein mat d6 cao trong huyét thanh thip. MetS
do Valproate gy ra (VPA-MetS) la mot ADR phé bién can mot
phuong phap tiép can da nganh duoc cap nhat dé phong ngira va
chan doan. Trong bai danh gia nay, ching t6i xem xét két qua
nghién citu vé méau (huyét thanh va huyét twong) va cac diu an
sinh hoc tiét ni¢u cia VPA-MetS. Nhiing dau 4n sinh hoc trao ddi
chat nay c6 thé cung cip chia khoa dé phat trién mot chién luoc
c4 nhan hoéa da nganh moi dé phong ngira va chan doan VPA-
MetS & nhitng bénh nhan méc bénh than kinh, réi loan tam than
va bénh nghién.

Tir khoa: axit valproic; hoi ching chuyén hoa; cach tiép can ca
nhén hoa; trao ddi chét; chat chuyén héa

1. Giéi thigu

Haoi ching chuyén hoa (MetS) 1a thuét ngir y hoc chi su két hop
ctia ddi thao duodng, ting huyét 4p dong mach va béo phi [1-4].
N6 khién ban c6 nguy co mic céc bénh tim mach va mach méu
ndo cao hon. Tiéu chi MetS [5-7] duoc trinh bay trong Hinh 1.

Theo Hoi ddng diéu tri danh cho ngudi lon, phién ban Il
(ATPII) [8], ty 18 mic chiing réi loan nay thay ddi & cac khu vuc
khéc nhau trén thé gisi, bao gdm: Bic My (M§)—23,7%; Chau
Au—18,4% & nam gisi va 14,4% & nit gioi; va Chau A—28,8%
& nam gioi va 31,8% & nit gioi. O Nga, ty 1& méc bénh MetS 1a
20% tr& 1én & nhimg ngudi trong do tudi sinh san va & nhing
ngudi trén 60 tudi la khoang 47%, trong khi & phu nit ty 18 nay
xay ra thudng xuyén hon 2,4 1an [9-11].

Tiéu chi hoi chiing chuyén hoa

Kich thudc ving a0 Huyétap
> 1zem 2130285 mm Hgh tust HOL <40 m/d! (1,04 mmalf)
FiBm Mie TG > 150 mg/d 1,7 mmalll
Ngoai Ié Bitng huyét lic di > 100 mgleL (5,6 mmolL)
Tiéuchudn IOF: M>94cm, F > B cm Noaaié:

Tiéu chi ATPIE: 2110 mgfdL (6,1 mmallL)

Hinh 1. Tiéu chuan hdi chirng chuyén hoéa
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Drug-induced MetS is a combination of such conditions as
abdominal obesity, hypercholesterolemia, hyperglycemia, and
high blood pressure which occur while taking drugs [12]. Drug-
induced MetS can be associated with various drugs, including
psychotropic drugs [13]. Among psychotropic drugs, antipsy-
chotics and valproic acid (VPA) drugs are the most common
cause of drug-induced MetS [1,14] (Figure 2).
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Figure 2. Main syndromes of valproate-induced metabolic
syndrome

As is known, VPA (CH3CH2CH2)2CHCOOH 2-propyl-valeric
acid) is a psychotropic drug that is used in the treatment of many
neurological diseases and mental disorders. The wide-spread use
of VPA in neurology and psychiatry has led to an increased
awareness of a spectrum of problematic and common adverse
drug reactions (ADRs), including hepatotoxicity, nausea,
vomiting,ataxia, lethargy, alopecia, thrombocytopenia, hype-
rammonemia, increased appetite, and weight gain. Among these
ADRs, weight gain is of particular concern because the long-term
use of valproates can lead to a significant increase in body.
weight, which is recorded in recent studies from 10% to 70% of
patients and has been shown to lead to a number of metabolic
disorders that can promote the development of VPA-induced
MetS [15]. As a rule, the use of VPA is chronic, which increases
the risk of developing VPA-induced MetS (VPA-MetS) [1,16]. The
risk of developing VPA-MetS also depends on the genetic
predisposition in a particular patient. This ADR may directly
impair the quality of life of patients receiving valproate and be
associated with a high risk of cardiovascular disease. From this
position, both the prediction and prevention of the
development of VPA-MetS and its early diagnosis are an urgent
problem [14]. Significant weight gain is one of the most common
problems with VPA in both children and adults [17]. In addition,
the chronic use of valproates is associated with an increase in
the level of fast plasma insulin (FPI), the development of insulin
resistance, especially in a subgroup of children and women [18].
In addition to weight gain and insulin resistance, VPA-MetS is
accompanied by dyslipidemia, arterial hypertension, and type 2
diabetes mellitus [15]. In recent years, there has been active
research on: the pathophysiological mechanisms by which VPA
and its active metabolites cause weight gain and metabolic
disturbances, including increased thirst and hunger, caused by
hypothalamic dysregulation due to an increased transmission of
gamma-aminobutyric acid (GABA); the mechanisms of the VPA-
induced modification of adipokines genes that encodethe neuro-
peptides involved in central energy

MetS do thudc 13 sy két hop cla cac tinh trang nhu béo bung,
tang cholesterol mau, ting dudng huyét va huyét ap cao xay ra
khi dung thuéc [12]. MetS do thudc cé thé lién quan d&n nhiéu
loai thudc khac nhau, bao gbm ca thuéc huéng than [13]. Trong
dé thuBc hudng tdm than, thubc chéng loan than va axit
valproic (VPA) I nguyén nhan phé bién nhat giy ra MetS do
thudc [1,14] (Hinh 2).

Acerad yperteescn

Hinh 2. Cac héi chirng chinh do valproate gay ra

Puogc biét, VPA (CH3CH2CH2)2CHCOOH 2-propyl-valeric acid) la
thudc hwéng than dwoc sir dung trong diéu tri nhidu bénh than
kinh, r8i loan tdm than. Viéc s dung rong rai VPA trong than
kinh hoc va tdm than hoc d3 dan dén viéc nang cao nhan thirc vé
mot loat cdc phan (ng cé hai clia thudc (ADR) cé van dé va phd
bién, bao gdm nhiém ddc gan, budn ndn, ndn, mat diéu hoa, tho
0, rung tdc, giam tiéu cau, tdng ramon mau, tang cdm gidc ngon
miéng va tang can. Trong s& cac ADR nay, tang can dugc dac
biét quan tdm vi s dung lau dai valproate cé thé dan dén ting
can dang ké. can nang, dwgc ghi nhan trong céc nghién ciru gan
day tir 10% dén 70% bénh nhan va da duwoc chirng minh 1a dan
dén mét s8 rdi loan chuyén hda cé thé thiac diy sy phat trién
clia MetS do VPA gay ra [15]. Theo nguyén téc, viéc st dung VPA
I& m3n tinh, 1dm tdng nguy co phat trién MetS do VPA giy ra
(VPA-MetS) [1,16]. Nguy co phat trién VPA-MetS cling phu thudc
vao khuynh huéng di truyén & mét bénh nhan cu thé. ADR nay
c6 thé 1am gidm truc ti€p chat lvong cudc sdng cla bénh nhan
dung valproate va c6 lién quan dén nguy co mac bénh tim mach
cao. Tl vi tri ndy, ca viéc du dodn va ngin chidn sy phét trién cla
VPA-MetS va chan dodn s&m cla nd 1a mdt van dé cap bach
[14]. TAng cAn dang k& 1a mot trong nhitng van d@ phd bién nhat
V@i VPA & ca tré em va ngudi Idn [17]. Ngoai ra, viéc st dung
valproate lau dai cé lién quan dén sy gia tdng ndng do insulin
nhanh trong huyét tuong (FPl), sy phat trién cla tinh trang
khang insulin, dac biét 1a & mét nhdom nhéd tré em va phu nit
[18]. Ngoai tang can va khang insulin, VPA-MetS con kem theo
réi loan lipid mau, ting huyét dp ddng mach va dai thdo dudng
typ 2 [15]. Trong nhitng ndm gan day, d3 cé nhiéu nghién clru
tich cuc vé: co ché sinh ly bénh ma VPA va cdc chat chuyén héa
¢6 hoat tinh clia né gy tang can va rdi loan chuyén hda, bao
gdm tang cam giac khat va doi, do rdi loan diéu hoa vung dudi
déi do tang truyén axit gamma-aminobutyric (GABA). ); cic co
ché bién d&i do VPA gay ra d&i vdi cac gen adipokine ma hda céc
peptit than kinh lién quan dén ndng lwgng trung tdm
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metabolism; and the VPA-induced deficiency of beta-oxidation
of fatty acids [15].

Weight gain and metabolic disturbances associated with VPA
intake have been investigated by various scientific groups and
are of great concern to clinicians. The development of VPA-MetS
reduces the quality of life of patients with neurological diseases
and mental disorders, suffocates adherence to the exposure
regimen, and leads to an increase in the incidence of
cardiovascular and endocrine diseases. However, the diagnosis
of VPA-MetS in the early stages of its development can be
difficult due to the lack of unified approaches to the definition of
this ADR and the methodology for using the use of VPA-MetS
biomarkers in the biological fluids of the human body, primarily
in the blood and urine. These reasons explain the relevance of
this descriptive review, which summarizes the results of new
studies of blood (serum and plasma) and urinary VPA-MetS
biomarkers from the perspective of pharmacometabolomics.

2. Main Clinical Symptoms of Valproate-Induced Metabolic
Syndrome

2.1. Valproate-Induced Weight Gain

Weight gain, also known as central obesity, is characterized by
the excessive accumulation of fat in the abdomen and is
associated with an increased risk of metabolic and
cardiovascular diseases [19]. The features of abdominal obesity
associated with VPA intake may include:

- An increase in body weight, body mass index (BMI), and waist
circumference;

- An increase in the amount of fat in the abdomen, measured by
the waist circumference or the ratio of waist to hips;

- Insulin resistance, which can contribute to the development of
abdominal obesity.

Previous clinical studies have shown that weight gain is more
common in women with epilepsy than in men. Therefore,
gender can be considered one of the risk factors for VPA-
induced weight gain [20]. In addition, the body fat percentage
and waist-to-hip ratio are statistically significantly different
between the sexes, with women having a higher body fat
percentage and a lower waist-to-hip ratio. In female patients, an
additional risk factor for VPA-induced weight gain is young age
(weight gain is more common in post-pubertal girls taking VPA,
and weight gain is more common in patients receiving VPA
during puberty if epilepsy and therapy continue into adulthood)
[20]. In adolescent girls, VPA-induced weight gain not only has
serious psychological consequences, but can also lead to the
development of important endocrinological abnormalities and
reduced compliance with antiepileptic therapy. The mechanism
by which VPA may cause weight gain is a matter of debate.
However, various hypotheses have been put forward to explain
the effect of VPA on weight gain: dysregulation of the
hypothalamic system; effects on adipokines; hyperinsulinemia;
and insulin resistance [21].

sy trao d8i chat; va sy thiu hut beta-oxy hoa axit béo do VPA
gay ra [15].

Tang can va rdi loan chuyén héa lién quan dén lwgng VPA d3
duwoc nghién ciru bdi nhidu nhém khoa hoc va 13 méi quan tam
I&n cla cac bac s 1am sang. Sy phat trién cda VPA-MetS [am
gidm chat lwong cudc séng clia bénh nhan méc cac bénh than
kinh va réi loan tdm than, can trd viéc tuan thl ché dé tiép xdc
va dan dén ting ty l1é mac cac bénh tim mach va ndi tiét. Tuy
nhién, viéc chan dodn VPA-MetS trong giai doan dau phat trién
c6 thé gdp kho khin do thiu céch tiép cin théng nhat déi véi
dinh nghia vé& ADR nay va phuong phép st dung dau an sinh hoc
VPA-MetS trong dich sinh hoc cla con ngudi. co thé, chi yéu
trong mau va nudc tiéu. Nhirng ly do ndy giai thich s lién quan
clia tdng quan md t3 nay, tdm tat két qua cla cic nghién clru
md&i v& mau (huyét thanh va huyét tuwong) va diu an sinh hoc
VPA-MetS trong nudc tiéu tir géc dd dugce hoc chuyén hoa.

2. Cac triéu chirng 1am sang chinh clia Hoi chirng chuyén héa
do Valproate gay ra

2.1. Tang can do Valproate

Tang can, con duogc goi la béo phi trung tdm, dugc dic trueng bdi
sy tich tu qua nhiéu chat béo & vung bung va cé lién quan dén
viéc tdng nguy co mac cac bénh vé chuyén hda va tim mach [19].
Céc dic diém cla béo bung lién quan dén lvgng VPA c6 thé bao
gom:

- Tang trong luvgng co thé, chi s6 khéi co thé (BMI) va vong eo;

- Sy gia ting lwong m& & vung bung, dwoc do bang chu vi vong
eo hodc ty |é gilta vong eo va héng;

- Khéng insulin, cé thé gép phan vao sy phat trién cla bénh béo
phivung bung.

Céc nghién clru 1am sang trwdc day da chi ra rang ting can pho
bién hon & phu nit bi ddng kinh so v&i nam gidi. Do d6, gidi tinh
c6 thé duoc coi 1a mot trong nhitng yéu té nguy co gay ting can
do VPA [20]. Ngoai ra, ty |8 m& co thé va ty 1& eo-hdng khac biét
dang ké vé mat thdng ké gitra hai gidi, trong d6 phu ni¥ cé ty &
m& co thé cao hon va ty 1& eo-héng thap hon. O bénh nhan nit,
mot yéu t& nguy co khac gdy ting can do VPA I3 tudi con tré
(tdng can phé bién hon & cac bé gai sau tudi day thi dung VPA va
tang can phd bién hon & nhitng bénh nhan dung VPA trong tudi
day thi néu bénh déng kinh va liéu phap tiép tuc dén tudi trudng
thanh ) [20]. & céc bé gai vi thanh nién, tang can do VPA khong
chi gdy hau qua tdm Iy nghiém trong ma con cé thé dan dén sy
phét trién cha cac bat thudng ndi tiét quan trong va gidm tuan
tha diéu tri chéng ddng kinh. Co ch& ma VPA cé thé gay ting can
|& mét van d@é tranh ludn. Tuy nhién, nhiéu gia thuyét khac nhau
da duoc dua ra dé giai thich tac dung cla VPA d6i vdi viéc tang
can: rdi loan didu hoa hé théng vung dudi doi; tic dung d8i véi
adipokine; tang insulin mau; va khang insulin [21].

Dt lidu thyc nghiém d3 chi ra rang VPA cé thé gay réi loan didu
hoa hé théng ving dudi doi [22].
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Experimental data have shown that VPA can cause dysregulation
of the hypothalamic system [22]. This theory can be explained
by an increase in gamma-aminobutyric acid (GABA) transmission
in the hypothalamic axis. This is supported by studies whereby
patients with epilepsy were treated with VPA, reporting weight
gain, experienced an increase in appetite, and satiation with
high-calorie drinks [20].

Another hypothesis is that VPA may cause weight gain by
altering the expression of the adipokines genes that are
expressed in the brain (pituitary gland). These genes encode the
neuropeptides involved in central energy metabolism, such as
resistin and starvationinduced adipose tissue factor (also known
as angiopoietin-like protein 4), which have become the main
targets of VPA associated with the etiology of obesity, leptin
synthesis, and the development of insulin resistance [23].
Although VPA can alter gene expression in the hypothalamus in
vitro [24], it is not clear whether VPA has such effects in vivo
[20]. VPA may affect adipokines released by adipose tissue such
as adiponectin, leptin, the soluble leptin receptor, and ghrelin
[20]. VPA can increase the expression of messenger ribonucleic
acid (mRNA) adiponectin-binding receptors (adipoR1) in the
human hepatoma cell line HepG2 [20,25]. Since adiponectin
mRNA expression is known to decrease after VPA treatment in
vivo [26], the increased expression of adipoR1 mRNA in liver
cells may represent a favorable response to counterbalance the
suppressed secretion of adiponectin from adipocytes.
Alterations in this receptor/ligand expression balance may
contribute to changes in fatty acid oxidation and the
development of insulin resistance in VPA-induced weight gain.

2.2. Valproate-Induced Insulin Resistance

Insulin resistance is a pathological condition in which cells do
not normally respond to insulin [27]. Insulin is a hormone that
facilitates the transport of glucose from the blood into the cells,
thus lowering blood glucose levels. Insulin is secreted by the
pancreas in response to carbohydrates consumed in the diet. In
insulin resistance, high insulin levels do not have the expected
effect on glucose transport and blood sugar levels [28]. Insulin
resistance can be caused by a variety of factors, including
obesity, a sedentary lifestyle, high-fat diet, and certain diseases
such as polycystic ovary syndrome, as well as ADRs with long-
term VPA [16,29].

The mechanisms by which VPA causes insulin resistance are not
yet fully understood, but are thought to be mediated by several
factors. VPA has been shown to increase oxidative stress,
inflammation, and endoplasmic reticulum stress, all of which
may contribute to the development of insulin resistance [30]. In
addition, it was found that VPA increases the expression of the
CEBP Alpha and SOCS-3, CEBP Alphain 3T3-L1 genes involved in
the development of insulin resistance [31]. It was also found
that VPA suppresses gluconeogenesis and glucagon expression,
and also causes histopathological changes in the pancreas and
liver [32]. The results of other studies give conflicting
conclusions, including the hypothesis of an antidiabetic role of
VPA in type Il diabetes mellitus by modulating insulin signaling
and gluconeogenesis mediated by thymus O1 protein [32].
Because VPA is a well-established drug, the detailed molecular

Ly thuyét nay cé thé duoc giai thich bang sy gia ting truyén axit
gamma-aminobutyric (GABA) trong truc vung dudi doi. Diéu nay
duoc ho tro bdi cac nghién clru theo d6 bénh nhan bj déng kinh
duoc diéu tri bang VPA, bao cdo ting can, ting cam gidc them
&n va cdm thay no véi d6 udng c6 ham lugng calo cao [20].

Mot gia thuyét khac 13 VPA cé thé gay ting can bang cach thay
d6i biu hién clia gen adipokine dugc biéu hién trong n3o (tuyén
yén). Nhitng gen nay ma hoa cdc neuropeptide lién quan dén
chuyén héa ning lugng trung tdm, chdng han nhu resistin va
yéu t8 mé md giy doi (con duwoc goi la protein giéng
angiopoietin 4), da tré thanh muc tiéu chinh cda VPA lién quan
dén nguyén nhan cla bénh béo phi, téng hop leptin va phat
trién khang insulin [23]. Mac du VPA cé thé thay d6i biu hién
gen & vling dudi dbi trong 8ng nghiém [24], nhung khéng rd lidu
VPA c6 tac dung nhu vay trong co thé hay khéng [20]. VPA c6
thé anh huéng dén adipokine dugc giai phéng bdi mé m& nhu
adiponectin, leptin, thu thé leptin hoa tan va ghrelin [20]. VPA
cé thé lam ting sy biéu hién cla cac thu thé lién két véi
adiponectin cla axit ribonucleic (mRNA) (adipoR1) trong dong té
bao ung thw gan ngwdi HepG2 [20,25]. Vi biéu hién adiponectin
mRNA duoc biét 13 gidm sau khi diéu tri bang VPA in vivo [26],
nén biéu hién ting |én cla adipoR1 mRNA trong t& bao gan cé
thé 13 mot phan (ng thuan loi dé ddi trong véi sy bai tiét
adiponectin bi (rc ché tir cac t& bdo m&. Nhirng thay déi trong sy
can bang biéu hién thu thé&/phdi tlr nay cé thé gép phan vao
nhi*ng thay d&i trong qua trinh oxy héa axit béo va sy phat trién
cla khang insulin trong tdng can do VPA giy ra.

2.2. Khang insulin do Valproate

Khang insulin 13 mét tinh trang bénh ly trong dé cac té bao
thuwong khong dap Gng vdi insulin [27]. Insulin la moét loai
hormone tao diéu kién thuan lgi cho viéc van chuyén glucose tir
mau vao té& bao, do d6 lam gidm lwong dudng trong mau. Insulin
duwoc tiét ra bdi tuyén tuy dé dap ng vdi carbohydrate tiéu thu
trong ché dd &n udng. Trong tinh trang khang insulin, néng dé
insulin cao khéng cé tac dung dy kién déi véi viéc van chuyén
glucose va lwgng dudng trong mau [28]. Khdng insulin c6 thé do
nhiéu y&u té gay ra, bao gdbm béo phi, 16i s6ng it van dong, ché
ddé an nhiéu chat béo va mot s6 bénh nhu héi ching bubng
trirng da nang, cling nhuv ADR v@i VPA dai han [16,29].

Cac co ché ma VPA gay ra tinh trang khang insulin van chua
duoc hiéu day du, nhwng dugce cho 1a do mét s6 yéu t6 trung
gian. VPA d3 duoc chirng minh 13 1am ting cing thang oxy hda,
viém va cing thang lwdi ndi chat, tat ca déu cé thé gép phan vao
sy phat trién ctia khang insulin [30]. Ngoai ra, ngudi ta thay rang
VPA |am ting sy biéu hién clda cac gen CEBP Alpha va SOCS-3,
CEBP Alphain 3T3-L1 lién quan dén sy phat trién cla khang
insulin [31]. Ngudi ta cling phat hién ra rang VPA ngén chin qua
trinh tao glucose va biéu hién glucagon, déng thoi gdy ra nhitng
thay d8i mé bénh hoc & tuyén tuy va gan [32]. K&t qua cla cac
nghién clru khac dua ra nhitng két ludn trdi nguoc nhau, bao
gdm giad thuyét vé vai tro tri dai thdo dudng clia VPA d6i véi
bénh d&i thao dudng typ Il bang cach diéu chinh tin hiéu insulin
va quad trinh tao dudng qua trung gian protein 01 cla tuyén (¢
[32]. B&i vi VPA |a mot loai thuc da duogc thiét 1ap tt, phan tir
chi tiét
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mechanisms of the present findings may be explored for a
possible new clinical application of valproate [32]. It is important
to note that the relationship between VPA and insulin resistance
is not yet conclusive, since there are studies in which the
relationship between valproate intake and the development of
insulin resistance has not been proven [33]. Further research is
needed on this issue.

2.3. Valproate-Induced Arterial Hypertension

Arterial hypertension is a syndrome of increased systolic blood
pressure from 140 mm Hg. Art. and above, and simultaneously
or independently, diastolic blood pressure 290 mm Hg. Art. [34].
Arterial hypertension is one of the leading causes of death and
affects the financial burden of the health care system in the
world [35]. There are many studies that give conflicting results
regarding the effect of VPA on the development of arterial
hypertension [20].

In animal models, VPA has been shown to lower blood pressure
in spontaneously hypertensive rats and prevent high-fat diet-
induced hypertension [36]. VPA is known to have a broad
mechanism of action, including blocking voltage-gated sodium
channels, increasing GABA, and inhibiting the glutamate/N-
methyl-D-aspartic acid (NMDA) receptors that mediate neuronal
excitation. VPA can also influence the extracellular signal-related
kinase (ERK) pathway [14]. Angiotensin leads to an increase in
blood pressure by activating the ERK pathway in vascular
smooth muscle cells [36,37]. On the other hand, it has been
shown that under the action of angiotensin, phosphorylation
and the activation of ERK occur. Since VPA can cause a decrease
in ERK phosphorylation, this may be followed by a decrease in
angiotensin-induced cardiac fibrosis. Therefore, it is possible
that VPA also lowers blood pressure by reducing ERK
phosphorylation. However, further studies of this mechanism of
VPA influence on the reduction of ERK phosphorylation and
blood pressure reduction are required [36,38].

Additionally, VPA acts as a direct inhibitor of histone deace-
tylase. Hyperacetylation of lysine residues on histones promotes
the relaxation of deoxyribonucleic acid (DNA) and allows for an
increase in gene transcription [1]. The long-term inhibition of
histone deacetylase with VPA, regardless of the response to
blood pressure, reduces hypertrophic, pro-inflammatory, and
hypertensive responses by reducing reactive oxygen species and
angiotensin |l type 1 receptor expression in the heart, demon-
strating the importance of uncontrolled histone deacetylase
activity in arterial hypertension [14,39]. There are also reported
cases of increased blood pressure after the initiation of
valproate therapy [40].

2.4. Valproate-Induced Hypercholesterolemia

Hypercholesterolemia is a risk factor for the development of
atherosclerosis [41]. Total cholesterol increases the risk of
developing coronary heart disease by 2.52-3.20 times in
reproductive age [42]. Several studies have also shown an
increased mortality from atherosclerosis in people with epilepsy
[43,44]. The effect of VPA on serum total cholesterol is still a
matter of controversy. There is a significant change in lipid,

cac co ché cha nhitng phat hién hién tai cé thé duoc kham pha
cho mét ¢ng dung 1am sang méi cé thé cé cla valproate [32].
Piéu quan trong can lwu y |a mé&i quan hé gitra VPA va tinh trang
khang insulin van chua duogc két ludn, vi ¢ nhirng nghién ctu
trong d6 ma&i quan hé giita lwgng valproate va sy phat trién cla
tinh trang khang insulin chua dwgc chirng minh [33]. Nghién ctru
thém |3 can thiét vé van dé nay.

2.3. Tang huyét ap ddng mach do Valproate

Tang huyét 4p dong mach 13 hdi chirng ting huyét &p tdm thu tir
140 mm Hg. Nghé thuat. trd 1&n, ddng thoi hodc déc lap véi
huyét 4p tdm trwong 290 mm Hg. Nghé thuat. [34]. Tang huyét
dp dong mach 13 mét trong nhitng nguyén nhan gay t&r vong
hang dau va anh hudng dén ganh ning tai chinh cla hé théng
chdm sdc strc khoe trén thé gidi [35]. C6 nhiéu nghién ctru dua
ra két qua trai ngwoc nhau vé tac dung cta VPA ddi véi sy phat
trién cla tang huyét 4p déng mach [20].

Trong cac mo hinh déng vat, VPA da duoc chirng minh la lam
giam huyét dp & chudt bi tdng huyét ap tu phat va ngan nglra
tang huyét ap do ché& d6 an nhiéu chat béo [36]. VPA dugc biét
14 c6 co ché hoat dong rong rai, bao gdm ngin chin cac kénh
natri bi kiém soat dién 4p, tdng GABA va (rc ché cac thu thé
glutamate/N-methyl-D-aspartic acid (NMDA) lam trung gian kich
thich t& bao than kinh. VPA ciing c6 thé dnh huéng dén con
duong kinase lién quan dén tin hiéu ngoai bao (ERK) [14].
Angiotensin dan dén ting huyét ap bang cach kich hoat con
duong ERK trong té€ bao co tron mach mau [36,37]. Mat khéc,
nguoi ta da chirng minh rang dudi tac dung ctia angiotensin, qua
trinh phosphoryl héa va kich hoat ERK xay ra. Vi VPA cé thé lam
gidm qua trinh phosphoryl héa ERK, nén diéu nay cé thé kéo
theo sy gidm xo hoa tim do angiotensin gdy ra. Do d6, c6 thé
VPA ciing lam gidam huyét ap bang cach gidm qua trinh
phosphoryl hda ERK. Tuy nhién, can cé céc nghién ctu sdu hon
vé co ché& anh huédng clia VPA d6i vdi viéc giam qua trinh
phosphoryl héa ERK va gidm huyét 4p [36,38].

Ngoai ra, VPA hoat déng nhu mot chat (e ché truc tiép histone
deace-tylase. Qua trinh acetyl héa du lugng lysine trén histone
thuc day su thu gidn cla axit deoxyribonucleic (DNA) va cho
phép ting phién m3 gen [1]. Sy (c ché lau dai histone
deacetylase v&i VPA, bat k& dap rng véi huyét ap nhu thé nao,
lam gidm cac phan ng phi dai, tién viém va ting huyét 4p bang
cach gidm cac loai oxy phan (ng va biéu hién thu thé
angiotensin Il loai 1 trong tim, chirng minh tdm quan trong cla
né. hoat déng cla histone deacetylase khéng dugc kiém soat
trong tdng huyét dp ddong mach [14,39]. Cling ¢ nhitng trwdng
hop tang huyét 4p duoc bdo cdo sau khi bat dau diéu tri bang
valproate [40].

2.4. Tang cholesterol mau do Valproate

Tang cholesterol mau la mét yéu t6 nguy co phat trién xo vira
déng mach [41]. Cholesterol toan phan lam ting nguy co phat
trién bénh mach vanh 1én 2,52-3,20 |an & d6 tudi sinh san [42].
Mét s& nghién clru cling cho thay ty |é tlr vong do xo vita déng
mach & nhitng ngudi bi dong kinh tang |&n [43,44)]. Tac dung cla
VPA d6i v&i cholesterol toan phan trong huyét thanh van con I3
maot van dé gay tranh c3i. C6 mét su thay d6i dang ké trong lipid,
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lipoprotein and apolipoprotein profiles. A number of studies
have demonstrated that in patients taking VPA long-term, there
are no changes in the lipid profile induced by this anticonvulsant
[43].

Finally, some studies show the effect of lowering serum total
cholesterol levels with long-term valproate therapy [43,45]. The
decrease in total cholesterol levels with the longterm use of VPA
may be due to an increase in the activity of certain organs,
organelles that also contribute to cholesterol metabolism. Since
VPA can inhibit oxidative stress in the endoplasmic reticulum via
the glycogen synthase kinase 3/B pathway, this may contribute
to cholesterol metabolism and changes in the pathogenesis of
atherosclerosis [43].

On the other hand, studies show that VPA can increase total and
LDL cholesterol levels after 12 months of use [46]. The mean
carotid intima-media thickness in patients with epilepsy treated
with VPA was higher than in healthy controls. This proves that
VPA can contribute to the development of atherosclerosis [47].

The mechanism of lipid profile changes under the influence of
VPA and the risk of developing VPA-induced hypercholes-
terolemia are still unknown. A possible mechanism may be
related to VPA-induced insulin resistance and hyperinsulinemia,
which leads to impaired lipid transport and lipogenesis [48].

2.5. Valproate-Induced Hyperglycemia

Drug-induced hyperglycemia is a global problem, as it increases
the risk of microvascular and macrovascular complications,
infections, metabolic coma, and even death [49]. VPA inhibits
class | (HDAC1, HDAC2, HDAC3, and HDACS8) and class Il a
(HDAC4, HDACS, and HDAC7) histone deacetylase, resulting in
the increased acetylation of H2, H3, and H4 histones, which alter
the expression of their associated genes [14].

Recently, the use of VPA in various diseases has been
investigated as a strategy for the reuse of clinically approved
drugs [14]. On the other hand, there are reports that VPA
reduces blood glucose and fat deposition in the adipose tissue
and liver in mice and rats, and histone deacetylases classes | and
Ila appear to be involved in the control of gluconeogenesis
signaling and insulin production. On the other hand, VPA may
reduce the microvascular complications of diabetes mellitus
[50], requiring the mechanism of this drug response to be
studied.

3. Blood Biomarkers (Serum and Plasma) of Valproate-Induced
Metabolic Syndrome

A biomarker of MetS is a characteristic that is objectively
measured and evaluated to identify this disorder in patients. The
biomarkers of VPA-induced MetS are considered as prognostic
tools or predictors for classifying and assessing disorder
progression. They are used to monitor the clinical response to
drugs, including VPA [1,14]. Traditionally, a laboratory diagnosis
of VPA-MetS and assessment of the cardiovascular risk involves
the analysis of blood (serum or plasma) biomarkers, including
total cholesterol, TG, HDL-C, LDL-C, insulin, and C-peptide [51].
Metabolic overload causes oxidative stress. This leads to an

hé so lipoprotein va apolipoprotein. M6t s6 nghién ciru d3
chirng minh ring & nhitng bénh nhan dung VPA lau dai, khong
c6 thay d8i ndo vé thanh phan lipid do thudc chéng co giat nay
gay ra [43].

Cudi cuing, mdt s6 nghién clru cho thdy tac dung l1am giam néng
d6 cholesterol toan phan trong huyét thanh khi diéu tri bang
valproate trong thoi gian dai [43,45]. Viéc giam muc cholesterol
toan phan khi sir dung VPA 1au dai c6 thé 1a do su gia ting hoat
déng clia mét s6 co quan, bao quan ciling gép phan chuyén héa
cholesterol. Vi VPA cé thé rc ché stress oxy hda trong mang luéi
ndi chat théng qua con duwdng glycogen synthase kinase 3/B,
diéu nay co thé gép phan chuyén héa cholesterol va thay déi co
ché& bénh sinh cta xo vita déng mach [43].

Mat khéc, cdc nghién ciru cho thay VPA lam tdng murc choles-
terol toan phan va LDL sau 12 théng st dung [46]. D6 day trung
binh 1&p ndi trung mac déng mach cadnh & bénh nhan diéu tri
bang VPA cao hon so v&i nhém chirng. Chirng td rang VPA cé thé
gép phan vao sy phat trién cla chitng xo vita dong mach [47].

Co ché thay d6i ciu hinh lipid dwdi anh huwdng clia VPA va nguy
co phat trién chirng ting cholesterol mau do VPA gay ra van
chua dugc biét. Mot co ché kha thi cé thé lién quan dén tinh
trang khang insulin va ting insulin mau do VPA gay ra, dan dén
suy giam van chuyén lipid va qua trinh tao m& [48].

2.5. Tang duwong huyét do Valproate

Tang duwong huyét do thubc 1a mot van dé toan cau, vi nd lam
tdng nguy co bién chirng mach mau nhd va mach mdu I6n,
nhi&m trung, hon mé chuyén héa va tham chi tlr vong [49]. VPA
Urc ché histone deacetylase loai | (HDAC1, HDAC2, HDAC3 va
HDACS8) va loai Il a (HDAC4, HDAC5 va HDAC7), dan dén ting
acetyl héa cac histone H2, H3 va H4, lam thay d&i biéu hién cla
cac histone lién két cda chung. gen [14].

Gan day, viéc sir dung VPA trong cdc bénh khac nhau d3 duoc
nghién clru nhu mot chién lwoc téi sir dung cac loai thudc da
duwoc phé duyét 1am sang [14]. M3t khac, cé bdo cdo rang VPA
lam gidm luwgng duwong trong mau va lang dong chat béo trong
mé m& va gan & chudt nhdt va chudt céng, va histone
deacetylase 16p | va lla dwdng nhu cé lién quan dén viéc kiém
soat tin hiéu tan tao dudng va san xudt insulin. Mat khac, VPA
c6 thé lam gidm céc bién ching vi mach cla bénh dai thao
duong [50], can nghién cliru co ché dap rng cla thudc nay.

3. Dau an sinh hoc trong mau (Huyét thanh va huyét twong)
cta Hdi chirng chuyén héa do Valproate

D3u an sinh hoc cla MetS 1a mét dic diém duoc do ludong va
danh gid mdt cach khach quan dé xac dinh chitng réi loan nay &
bénh nhan. Cac ddu an sinh hoc cia MetS do VPA gay ra dugc
coi |14 céng cu tién lwgng hodc yéu t8 dy doan dé& phan loai va
ddanh gia sy tién trién cla réi loan. Ching duoc sir dung dé theo
ddi phdn &ng 1dm sang déi v&i thudc, bao gdm ca VPA [1,14].
Theo truyén théng, chdn dodn VPA-MetS trong phong thi
nghiém va danh gia nguy co tim mach lién quan dén viéc phan
tich cdc ddu an sinh hoc trong mau (huyét thanh hodc huyét
tuong), bao gdbm cholesterol toan phan, TG, HDL-C, LDL-C,
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insulin va C-peptide [51] . Qua tai trao d8i chat gay ra stress oxy
héa. Diéu nay din dén mét

imbalance between the formation and inactivation of reactive
oxygen species (ROS). The ROS play an important role in many
physiological systems. However, ROS contribute to cellular
dysfunction under conditions of increased oxidative stress [52].
Oxidative stress may play an important role in the onset of
symptoms associated with VPA-MetS (atherosclerosis, arterial
hypertension, and insulin resistance) [52]. Let us consider the
most studied and promising blood biomarkers of VPA-induced
MetS.

3.1. Carbohydrates

Glucose, also called dextrose, is one of a group of carbohydrates
known as simple sugars (monosaccharides). Glucose is the main
type of sugar in the blood and the main source of energy for the
body’s cells. For most healthy people, normal blood sugar levels
are as follows: from 4.0 to 5.4 mmol/L (72-99 mg/dL) on an
empty stomach; up to 7.8 mol/L (140 mg/dL) 2 h after meals.
One of the criteria of MetS is an increased fasting glucose level
(>100 mg/dL) [5,53]. An increase in the level of glucose in the
blood plasma is diagnosed in most patients with MetS [5].

The main reason for the increase in plasma glucose levels in
patients taking valproates is insulin resistance. Although, some
patients with insulin resistance who develop compensatory
hyperinsulinemia may have normal glucose levels. When the
function of B-cells of the islets of Langerhans of the pancreas
decreases, compensatory mechanisms do not work. On the
other hand, it has been demonstrated that hyperglycemia is not
the first sign of VPA-Met-C, but develops as a late complication
of chronic valproate therapy. Nevertheless, an early diagnosis of
hyperglycemia in patients taking valproates is important
because it increases the risk of secondary microvascular and
macrovascular (cardiovascular and/or cerebrovascular) compli-
cations as a consequence of VPA-induced MetS. For example,
one of the microvascular complications is diabetic neuropathy
[54]. Microvascular disease may further accelerate the deve-
lopment of congestive heart failure and promote atherogenesis
[55-57].

3.2. Acids

Uric acid is the end product of cleavage of purine catabolism in
the human body. Purines are nitrogenous bases in the DNA that
form part of the structural framework of cells. Purine
breakdown occurs when cells age and die, forming uric acid. Uric
acid is also formed as a result of the metabolic breakdown of
certain types of food, such as red meat, seafood, and legumes.
The liver and intestinal mucosa produce most of the uric acid.
The kidneys excrete two-thirds of uric acid, and the other third is
excreted by the gastrointestinal tract [58]. The actual reference
range of serum uric acid is estimated according to its variations
in healthy people. Using this approach, serum uric acid
valuesfrom 3.5 to 7.2 mg/dL in adult men and postmenopausal
women and from 2.6 to 6.0 mg/Dl in premenopausal women
were recognized as normal in many countries. However, the

insulin va C-peptide [51]. Qué trinh trao d8i chat gay ra stress
oxy héa. Biéu nay dan dén mot

mat can bang gitta su hinh thanh va vdé hiéu héa cac loai oxy
phan (rng (ROS). ROS déng m6t vai trd quan trong trong nhiéu
hé théng sinh ly. Tuy nhién, ROS gép phan gay réi loan chirc
ndng té bao trong diéu kién gia tang stress oxy héa [52]. Stress
oxy hda cé thé dong mot vai trd quan trong trong viéc khdi phat
cac triéu chirng lién quan dén VPA-MetS (xo vira dong mach,
tang huyét ap déng mach va khang insulin) [52]. Ching ta hdy
xem xét cac dau an sinh hoc mau dwoc nghién cliru va hra hen
nhat cia MetS do VPA giy ra.

3.1. Carbohydrate

Glucose, con dugc goi la dextrose, la mot trong nhom
carbohydrate duoc goi la dwong don (monosacarit). Glucose |a
loai dwdrng chinh trong mau va 13 ngudn ning lvgng chinh cho
céc té€ bao cla co thé. D8i vdi hau hét nhitng ngudi khde manh,
lvgng duwdng trong mau binh thwdng nhu sau: tir 4,0 dén 5,4
mmol/L (72-99 mg/dL) khi bung doéi; Ién dén 7,8 mol/L (140
mg/dL) 2 gi sau bita &n. Mét trong nhirng tiéu chi cia MetS Ia
tdng mrc dwdng huyét luc doi (>100 mg/dL) [5,53]. Sv gia ting
murc d6 glucose trong huyét twong dugc chan doin & hau hét
bénh nhan mac MetS [5].

Ly do chinh 1am tang néng dé glucose trong huyét tuvong & bénh
nhan dung valproate la do khang insulin. Mac du vdy, mot sé
bénh nhan khéng insulin tién trién thanh tang insulin mau bu trir
c6 thé cé mirc dudng huyét binh thuwdng. Khi chirc ning t&€ bao B
cla tiéu dao Langerhans cla tuyé&n tuy suy giam, co ché bu trir
khong hoat dong. Mt khac, nguoi ta da chirng minh rang ting
duong huyét khdng phai 13 dau hiéu d4au tién cda VPA-Met-C,
ma phat trién nhuw mét bién chirng muén cla liéu phap
valproate man tinh. Tuy nhién, chdn dodn sém tinh trang tang
dudng huyét & bénh nhan dung valproate 13 rat quan trong vi né
lam t3ng nguy co bién chirng th phat & mach mau nhé va mach
mau I&n (tim mach va/hodc mach mau n3o) do hiu qua cia
MetS do VPA gy ra. Vi du, mét trong nhitng bién chirng vi mach
Ia bénh than kinh do dai thdo dudng [54]. Bénh mach mau nhd
c6 thé day nhanh hon nita sy phat trién cda suy tim sung huyét
va thic day qua trinh hinh thanh xo vira [55-57].

3.2, Axit

Axit uric 13 san pham cudi cung cla qué trinh phan cit di héa
purin trong co thé con ngudi. Purin 13 cic bazo nito trong DNA
tao thanh mét phan cha khung ciu tric cla té bao. Sy phan hly
purine xay ra khi céc té bao gia di va chét di, tao thanh axit uric.
Axit uric cling dugc hinh thanh do sy phan hly trao d6i chat cla
mot s8 loai thuc pham, chang han nhu thit do, hai san va cac
loai ddu. Gan va niém mac rudt tao ra hau hét axit uric. Than bai
tiét 2/3 lwogng axit uric va 1/3 con lai dwoc bai tiét qua dudng
tiéu héa [58]. Pham vi tham chiéu thyc té€ cha axit uric huyét
thanh dugc wdc tinh theo cac bién thé cla né & nhitng ngudi
khée manh. Sir dung phuong phap nay, gid tri axit uric huyét
thanh tir 3,5 dén 7,2 mg/dL & nam gidi trudng thanh va phu nir
sau man kinh va tir 2,6 dén 6,0 mg/DIl & phu ni¥ tién man kinh
duwoc cdng nhan 13 binh thudng & nhiéu quéc gia. Tuy nhién, cac
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normal values of serum uric acid may vary from laboratory to
laboratory.

The causes of high uric acid levels (hyperuricemia) may be
primary (elevated uric acid levels due to purine) or secondary
(high uric acid levels due to another disease or condition, such
as MetS). An increase in the level of this metabolic biomarker is
observed in obesity. Moreover, the association with
cardiovascular diseases and kidney diseases is obvious [59,60].
In recent years, there has been increasing evidence that uric acid
can play an important pathophysiological role in many “cardio-
nephrometabolic” disorders, which apparently do not depend
on the deposition of sodium urate crystals, since this is also
evident for serum uric acid concentrations below the saturation
point with sodium wurate. Uric acid exacerbates insulin
resistance, hyperlipidemia, and fatty liver [61]. Uric acid also has
a pronounced antioxidant effect [58]. Some studies suggest that
elevated uric acid and homocysteine, together with oxidative
stress, may contribute to atherosclerotic risk in patients taking
long-term VPA [62]. At the same time, other studies show a
decrease in plasma uric acid [63] in patients with VPA-MetS.

These results indicate the need to revise the concept of
“asymptomatic” in chronic hyperuricemia and, consequently, to
revise the normal range of serum uric acid levels. In light of the
new scientific knowledge about the pathophysiological role of
uric acid in human diseases in general and in VPA-MetS in
particular, the threshold value of serum uric acid levels (<6.0
mg/dL or <360 mmol/L) seems to allow for better identification
of the patients with VPA-induced MetS and should be
reasonably taken into account for all patients taking valproates
for a long time, especially in high daily doses.

3.3. Hormones
3.3.1. Insulin

Insulin is an anabolic hormone. It promotes glucose uptake,
glycogenesis, lipogenesis, and protein synthesis in the skeletal
muscles and adipose tissue through the tyrosine kinase receptor
pathway. In addition, insulin belongs to one of the most
important factors in the regulation of glucose homeostasis in
plasma, since it counteracts glucagon and other catabolic
hormones—adrenaline, glucocorticoids, and growth hormone
[64,65].

Hyperinsulinemia is a condition in which excessive insulin levels
circulate in the blood compared to glucose levels. In the early
stages of the development of insulin resistance, the pancreas
can compensate for this by increasing insulin secretion into the
bloodstream in an attempt to overcome defects in the
peripheral action of insulin. At the same time, B-cells
hypertrophy in response to the increased need of the human
body for insulin. In conditions of starvation, basic compensation
may be sufficient to maintain normal plasma glucose levels.
However, after a meal, when glucose is rapidly absorbed from
the intestine, a relative lack of insulin is detected due to
inadequate compensation, since the fluctuations in glucose
levels increase over time. Resistance to the biological effects of
insulin is an important factor contributing to the development of

gid tri binh thudng cla axit uric huyét thanh cé thé thay déi tir
phong thi nghiém dén phong thi nghiém.

Nguyé&n nhan ndng d6 axit uric cao (tdng axit uric mau) cé thé 13
nguyén phat (ndng d6 axit uric ting cao do purine) hoac thi
phat (ndng d6 axit uric cao do bénh hoac tinh trang khac, chang
han nhv MetS). Sy gia tdng mirc d6 dau &n sinh hoc quan sat
thay & bénh béo phi. Hon nita, mai lién quan v&i bénh tim mach
va bénh than 13 r& rang [59,60]. Trong nhirng ndm gan day, ngay
cang c6 nhiéu bang chirng cho thay axit uric cé thé dédng mét vai
trd sinh ly bénh quan trong trong nhiéu réi loan “chuyén hda
tim-than”, ma dudng nhu khéng phu thudc vao sy lang dong
cla cdc tinh thé natri urat, vi didu nay cling rd rang ddi vdi ndng
d6 axit uric huyét thanh. dudi diém b3o hoa véi natri urat. Axit
uric |dm tram trong thém tinh trang khang insulin, tang lipid mau
va gan nhiém m& [61]. Axit uric ciing cé tac dung chdng oxy héa
rd rét [58]. Mot s6 nghién ctu cho thay rang axit uric va
homocysteine tang cao, cling vdi stress oxy hda, cé thé gép phan
lam tdng nguy co xo vita ddng mach & nhitng bénh nhan dung
VPA lau dai [62]. Ddng thdi, cdc nghién clru khac cho thdy axit
uric huyét twong giam [63] & nhitng bénh nhan méac VPA-MetsS.

Nhirng k&t qua nay cho thay can thiét phai xem xét lai khai niém
“khong co triéu chirng” trong tang axit uric mau man tinh va do
dé, diéu chinh lai pham vi binh thudng cla ndng dé axit uric
huyét thanh. Theo kién thirc khoa hoc mai vé vai trd sinh ly
bénh hoc clia axit uric trong cac bénh & ngudi ndi chung va
trong VPA-MetS noi riéng, gid tri ngwdng cla néng dé axit uric
huyét thanh (<6,0 mg/dL hodc <360 mmol/L) dwdng nhuv cho
phép xédc dinh t6t hon MetS do VPA gay ra va nén duoc tinh dén
mot cdch hop ly d6i vdi tat cd cac bénh nhan dung valproate
trong thoi gian dai, dic biét 1a & liéu cao hang ngay.

3.3. ndi tiét to
3.3.1. insulin

Insulin 13 moét hormone déng hda. N6 thuc ddy su hap thu
glucose, qua trinh tao glycogen, qua trinh tao lipid va téng hop
protein trong co xuwong va mé m& thdng qua con duwdng thy thé
tyrosine kinase. Ngoai ra, insulin 1a mét trong nhitrng yéu t6 quan
trong nhat trong viéc diéu hoa can bang ndi mai glucose trong
huyét twong, vi né chdng lai glucagon va cac hormone di hoa
khac—adrenaline, glucocorticoid va hormone ting trudng
[64,65].

Tang insulin mau 13 tinh trang néng dé insulin lwu théng trong
mau quéa cao so v&i néng dd glucose. Trong giai doan dau cla su
phat trién khang insulin, tuyén tuy cé thé bu ddp cho diéu nay
bang cach ting tiét insulin vao mau nham khic phuc nhitng
khiém khuyét trong hoat déng ngoai vi cla insulin. Ddng thoi, té
bao B phi dai dé dap ¢ng nhu cau tang insulin cla co thé con
ngudi. Trong diéu kién d6i, su bl trir co ban cé thé da dé duy tri
murc glucose huyét tuong binh thwong. Tuy nhién, sau bita an,
khi glucose dugc hdp thu nhanh chdng tir rudt, tinh trang thi€u
insulin twong d6i dwoc phat hién do bu ddp khong day du, do sw
dao déng cla ndng do glucose tang theo thoi gian. Dé khang véi
tac dung sinh hoc cla insulin 13 mét yéu t8 quan trong gép phan
vao su phat trién clia hdi chirng chuyén héa.
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MetS. The level of serum insulin may change against the
background of chronic psychopharmacotherapy [5]. So,
hyperinsulinemia can be the result of various metabolic diseases
and conditions, including VPA-induced MetS. Hyperinsulinemia
can be diagnosed by checking normal glucose levels that exceed
1.7 mmol/L (30 mg/dL) with an intramuscular administration of
1 mg of glucagon. Normal fasting insulin levels in healthy people
are usually in the range of 3-25 mmol/L, which corresponds to
approximately 0.05-0.42 mmol/L. However, in patients taking
VPA, the insulin concentration can be significantly higher [66—
69].

3.3.2. Adiponectin

Adiponectin is a hormone synthesized and secreted by white
adipose tissue, predominantly visceral adipocytes. Adiponectin
is found in sufficient amounts in the blood (about 0.01% of the
total plasma protein with a total concentration of about 5-10
pg/mL) [70]. Adiponectin is involved in the regulation of glucose
levels and the breakdown of fatty acids. In humans, this protein
is encoded by the ADIPOQ gene [71].

Adiponectin circulates in plasma in the form of a low molecular
weight trimer, a medium molecular weight hexamer, and a high
molecular weight 12-18-mer. However, the isoforms of
adiponectin exhibit different biological functions. Adiponectin
concentration is inversely associated with insulin resistance,
type 2 diabetes mellitus, and dyslipidemia [5]. Anti-
inflammatory and antiatherogenic effects are characteristic of
adiponectin, although some studies have demonstrated the
association of adiponectin with the risk factors for coronary
heart disease in obese or overweight patients [72]. It has been
shown that the anti-inflammatory effect of this hormone
depends on its level in the blood. At the same time, the level of
adiponectin is inversely proportional to the level of
inflammatory biomarkers, including C-reactive protein and pro-
inflammatory cytokines (interleukin (IL)-6 and IL-10, tumor
necrosis factor (TNF) [73,74].

High levels of adiponectin correlate with increased insulin
sensitivity and glucose tolerance [5]. It is known that VPA-
induced weight gain is associated not only with increased levels
of insulin and leptin, but also with a decrease in adiponectin
levels. However, the underlying mechanisms of changes in the
adiponectin levels in VPA-MetS remain unknown [73].

3.3.3. Chemerin

Chemerin belongs to the group of adipokines; it is produced by
both adipose tissue and the liver. In addition, it is a
chemoattractant for immune cells, such as macrophages, and
promotes adipocyte differentiation [75]. Chemerin is secreted as
an inactive proprotein and turns into a biologically active form
after C-terminal proteolytic cleavage. Chemerin and its
receptors are mainly expressed in adipose tissue, but chemerin
has been shown to play a different role in the pathogenesis of
inflammatory and metabolic diseases in many organs, such as
the adipose tissue, lungs, skin, cardiovascular system, repro-
ductive tract, digestive tract, skeleton, and joints. Chemerin
levels are higher in obesity and diabetes mellitus. Chemerin

Mtrc d6 insulin huyét thanh cé thé thay d8i dwa trén nén tang
cla tam than trj liéu man tinh [5]. Vi vdy, tang insulin mau cé thé
13 k&t qua clia cac bénh va tinh trang chuyén héa khac nhau, bao
gdm ca MetS do VPA gy ra. Tang insulin mau cé thé duwoc chin
dodan bing cach kiém tra mirc glucose binh thuong vurot qué 1,7
mmol/L (30 mg/dL) khi tiém bap 1 mg glucagon. Mtrc insulin lGc
déi binh thuong & ngudi khde manh thuong nam trong khoang
3-25 mmol/L, twong &ng véi khoang 0,05-0,42 mmol/L. Tuy
nhién, & nhitng bénh nhan dung VPA, ndng dé insulin cé thé cao
hon dang ké [66-69].

3.3.2. Adiponectin

Adiponectin 13 mét hormone dugc téng hop va tiét ra bdi mo
m& trang, chi yéu la t& bao m& ndi tang. Adiponectin duoc tim
thay vdi lwong vira dU trong mau (khodng 0,01% téng luong
protein huyét twong vdi téng ndng dé khoang 5-10 pg/mL) [70].
Adiponectin tham gia vao qud trinh diéu hda néng dé glucose va
phan hly axit béo. O ngudi, protein nay duoc m3 héa bdi gen
ADIPOQ [71].

Adiponectin luu théng trong huyét twong & dang trimer trong
lvgng phan tlr thap, hexamer trong lvgng phan tlr trung binh va
trong lwgng phan t&r cao 12—18-mer. Tuy nhién, cdc dang déng
phan cla adiponectin thé hién cac chirc ning sinh hoc khac
nhau. Nong d6 adiponectin ty I& nghich v&i tinh trang khang
insulin, dai thdo dwong typ 2 va réi loan lipid mau [5]. Tac dung
chéng viém va chdng xo vita 1a dic trung cla adiponectin, mac
du mot s6 nghién ciu da ching minh mdi lién quan cua
adiponectin vdi cac yéu t6 nguy co mac bénh tim mach vanh &
bénh nhan béo phi hodc thira can [72]. Nguoi ta da chirng minh
rang tac dung chéng viém cla hormone nay phu thudc vao muc
dé cla né trong mdau. Déng thoi, mirc dd adiponectin ty lé
nghich v&i mirc dd cta cac dau an sinh hoc gay viém, bao gom
protein phan &ng C va céc cytokine gdy viém (interleukin (IL)-6
va IL-10, yéu t6 hoai tlr khdi u (TNF) [73, 74].

Néng dé adiponectin cao twong quan véi tang d6 nhay insulin va
dung nap glucose [5]. Puoc biét, tdng cdn do VPA khéng chi lién
quan dén viéc ting ndng dé insulin va leptin ma con lam gidm
néng do adiponectin. Tuy nhién, co ché co ban cla sy thay déi
nong do adiponectin trong VPA-MetS van chua duoc biét [73].

3.3.3. Chemerin

Chemerin thudc nhém adipokine; né dugc sadn xuat bdi cd md
m& va gan. Ngoai ra, nd con 13 mot chat héa hoc hap dan céc t&
bao mién dich, chang han nhu dai thyc bao, va thic day qua
trinh biét hda t& bao m& [75]. Chemerin duoc tiét ra dudi dang
proprotein khong hoat déng va bién thanh dang hoat tinh sinh
hoc sau khi phan tach protein & d4u C. Chemerin va céc thu thé
clia né chi yé&u biéu hién & md m&, nhung chemerin d3 duoc
chitng minh 13 déng mét vai trd khac trong co ché bénh sinh cla
cac bénh viém nhidm va chuyén héa & nhiéu co quan, ching han
nhw md m&, phéi, da, hé tim mach, dwéng sinh san. , dwong tiéu
hda, bé xuong va khép. Mirc do chemerin cao hon trong bénh
béo phi va ddi thdo duwdng. hda chat gidi phdng tuwong quan vai
chi s6 khéi co thé (BMI), ty & eo-héng
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release correlates with body mass index (BMI), waist-to-hip
ratio, and adipocyte volume, and is also associated with insulin
resistance. So, it is considered as one of the biomarkers of MetS

[5].

The high plasma levels of chemerin in patients may indicate the
involvement of this adipokine in the pathogenesis ofMetS and
its role as an early VPA-MetS biomarker. Overall, clinical data
indicate that circulating chemerin levels are elevated in patients
with obesity, diabetes mellitus, and cardiovascular disease
[57,76].

3.3.4. Ghrelin

Ghrelin is a peptide involved in the regulation of appetite and
energy balance [1]. Ghrelin has both peripheral and central
effects. It is mainly secreted by X/A-like cells in the stomach [77]
and also (to a lesser extent) in the small intestine, kidneys,
testis, pancreas, and brain [77]. A wide range of the effects on
various tissues and organs of the human body is characteristic of
ghrelin. It is involved in stimulating the secretion of lactotrophs,
corticotrophs, and insulin. Ghrelin also regulates the functions of
the gastrointestinal tract and pancreas, glucose, and lipid
metabolism, as well as the functions of the cardiovascular
system [5]. It affects behavior and sleep in humans. In the brain,
ghrelin and its receptor are best known for their critical role in
food intake mediated by neuropeptide Y [78] and agouti-related
peptide [77]. Ghrelin characteristically increases food intake and
body weight through its orexigenic, adipogenic, and soma-
totropic properties [79]. In addition, ghrelin plays a regulatory
role in growth hormone release [80,81], is involved in learning
and memory [82], modulates motivation and reward, and
regulates the response to stress. Soon after its discovery in
1999, the interest in ghrelin in the context of epilepsy increased
significantly [77]. Ghrelin levels have been shown to be altered
in patients with epilepsy, and ghrelin administration in
preclinical seizure and epilepsy models has been considered
anticonvulsant [77]. However, the exact mechanism of its effects
is still to be understood. Ithas also been proven that the level of
ghrelin in the blood (plasma) decreases with obesity and
increases with anorexia nervosa in humans [83,84]. A
progressive decline in basal ghrelin levels is associated with an
increase in BMI [85]. The total plasma ghrelin level in patients
with obesity and cardiovascular disease is lower than in non-
obese patients [77,86]. This explains the interest in ghrelin as a
promising VPA-MetS biomarker.

3.3.5. Leptin

Leptin (LEP) is a 16 kDa cytokine-like peptide and a proteo-
hormone involved in appetite modulation, energy balance, and
weight regulation [5,87]. The primary effect of LEP is manifested
in the brain, where the receptor is highly expressed in the
hypothalamus. It has been shown that leptin suppresses
orexigenic pathways, including neuropeptide Y and the peptide
associated with agouti, and activates anorexigenic pathways. A
decrease in LEP levels leads to weight gain [88]. Through the
effect on the hypothalamus, LEP helps to reduce food intake and
increase energy consumption [89]. The serum level of LEP in
humans during the period of achieving energy balance (main-

va thé tich t& bao m&, déng thai cling lién quan dén tinh trang
khang insulin. Vi vdy, né dwoc coi 1a mot trong nhitng dau an
sinh hoc cta MetS [5].

N6ng dd chemerin trong huyét twong cao & bénh nhan cé thé
cho thay s lién quan cla adipokine nay trong co ché bénh sinh
cla MetS va vai tro ciia né nhv mét dau an sinh hoc VPA-MetS
sém. Nhin chung, dit liéu Iam sang chi ra rang ndng do chemerin
Iy hanh tdng cao & nhitng bénh nhan béo phi, dai thdo dudng
va bénh tim mach [57,76].

3.3.4. Ghrelin

Ghrelin 13 m6t peptide lién quan dé&n viéc diéu chinh sy thém &n
va can bang ning luong [1]. Ghrelin cé ca tac dung ngoai vi va
trung tdm. N6 chl yéu duoc tiét ra bdi cac té bao gibng X/A
trong da day [77] va cling (& mirc d6 thap hon) & rudt non, than,
tinh hoan, tuyén tuy va ndo [77]. M6t loat cac tadc dong lén cac
md va co quan khac nhau clia co thé con ngudi 13 dic trung cla
ghrelin. N6 cé lién quan dén viéc kich thich tiét lactotrophs,
corticotrophs va insulin. Ghrelin cling diéu chinh céc chirc nang
cla dudng tiéu hoda va tuyén tuy, chuyén héa glucose va lipid,
cling nhu cac chirc ndng ctia hé théng tim mach [5]. N6 anh
hudng dén hanh vi va gidc ngll & con ngudi. Trong ndo, ghrelin
va thu thé clia né duoc biét d&n nhiéu nhat véi vai trd quan
trong trong viéc hap thu thirc &n qua trung gian neuropeptide Y
[78] va peptide lién quan dén agouti [77]. Ghrelin lam ting
lvgng thirc 3n va trong lvgng co thé mot cach dic trwng thong
qua cac dic tinh orexigenic, adipogen va soma-totropic cla né
[79]. Ngoai ra, ghrelin d6ng vai tro diéu tiét trong viéc giai phéng
hormone tang trwdng [80,81], lién quan dén hoc tap va tri nh&
[82], diéu chinh ddng Iwc va phan thudng, dong thai diéu chinh
phan (g véi cang thang. Ngay sau khi dwoc phat hién vao ndm
1999, mdi quan tdm dén ghrelin trong b&i canh bénh ddng kinh
da tdng |én dang ké [77]. Mirc d6 ghrelin d3 dugc chirng minh 13
thay d6i & nhitng bénh nhan bi dong kinh, va sit dung ghrelin
trong cdc mé hinh déng kinh va déng kinh tién I1am sang da duoc
coi 13 thu8c chéng co giat [77]. Tuy nhién, co ché chinh xac cla
tac dung clia né van con dugc hiéu. Ngudi ta cling d3 chirng
minh rdng mic d6 ghrelin trong mau (huyét tuong) giam khi béo
phi va ting khi mac ching chan 3n & nguoi [83,84]. Mic do
ghrelin co ban gidm dan cé lién quan dén sy gia tdng chi sé BMI
[85]. T8ng mrc ghrelin trong huyét tuwong & bénh nhan béo phi
va bénh tim mach thdp hon so v&i bénh nhan khéng béo phi
[77,86]. Piéu nay giai thich sy quan tdm dén ghrelin nhw mét
dau &n sinh hoc VPA-MetS day hra hen.

3.3.5. leptin

Leptin (LEP) 1a m6t peptide gidng nhu cytokine 16 kDa va 1a mét
proteo-hormone lién quan dén diéu chinh sy thém &n, can bang
ndng lugng va diéu chinh cin nang [5,87]. Tac dung chinh cla
LEP dwoc biéu hién trong n3o, noi thu thé dugc biéu hién cao &
vung dudi doi. Nguoi ta d3 chirng minh rang leptin ngin chidn
cac con dudng gdy chan 3n, bao gdbm cad neuropeptide Y va
peptide lién quan dén agouti, ddng thoi kich hoat cic con dudng
gay chan &n. Viéc gidm murc LEP din dén ting can [88]. Thong
qua tac déng 1én vung dudi doi, LEP giup gidm an va tang tiéu
hao ndng lwong [89]. Néng dd LEP huyét thanh & ngudi trong
giai doan dat can bang ndng luvong (duy tri trong lwong co thé)
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taining body weight) correlates with the total amount of fat in
the body [90]. This hormone also affects the development of
peripheral insulin resistance by weakening the effect of insulin
on insulin-sensitive cells. On the other hand, LEP can cause
insulin resistance by affecting insulin secretion [91]. People with
CVDs have higher LEP levels than people without CVDs [92].

Various authors argue that the level of LEP in blood plasma may
be a significant biomarker of VPA-MetS and the risk of
developing CVDs [5]. So, some studies have shown an increase in
the level of BMI, insulin, and neuropeptide Y at the 3rd month of
VPA treatment [74]. It is believed that this increase is also
related to the level of insulin and LEP in the blood serum or
central and peripheral mechanisms induced by VPA [74].
Elevated serum LEP levels play an important role in VPA-
associated weight gain in children [74].

3.3.6. Omentin

Omentin is a newly identified adipokine; it is a protein with a
body weight of 38 kDa. Omentin is predominantly expressed in
visceral adipose tissue and is secreted mainly from stromal
vascular cells rather than adipocytes [93]. The expression of
omentin decreases in patients with obesity, insulin resistance,
and diabetes mellitus. The plasma level of omentin positively
correlates with the serum levels of adiponectin and high-density
lipoproteins, but its plasma level negatively correlates with BMI,
waist circumference, insulin resistance, triglyceride, and leptin
levels. Lower levels of omentin in plasma contribute to the
development of insulin resistance, type 2 diabetes mellitus, and
cardiovascular diseases in obese or overweight patients. In
addition, omentin causes the dilation of blood vessels, helping
to reduce the risk of arterial hypertension, and weakens
angiogenesis induced by C-reactive protein.

So, omentin has been proposed as a MetS biomarker and a
biomarker of endothelial dysfunction in patients with MetS [93].
It has been shown that the level of omentin does not change
during treatment with valproate [94], but studies on this topic
are also singular, requiring the further study of omentin as a
potential metabolic biomarker of VPA-MetS. The study of the
plasma level of omentin in the future can help to identify high-
risk groups of patients with VPA-induced MetS, so that
practicing neurologists and psychiatrists can conduct early
interventions and in-depth examinations.

3.3.7. Testosterone

Testosterone is a sex hormone and an anabolic steroid.
Testosterone is secreted mainly by the testes in males and, to a
lesser extent, by the ovaries in female. It is biosynthesized in
several stages from cholesterol and converted into inactive
metabolites in the liver. Testosterone is involved in lipid
homeostasis in tissues such as the liver, adipose tissue, and
skeletal muscle [95]. Low plasma testosterone levels are
associated with the development of obesity, insulin resistance,
and hypercholesterolemia in men. In addition, men with MetS
and diabetes mellitus type 2 have a high prevalence of
hypogonadism. MetS and low blood (serum and plasma)

tuong quan véi tdng luvgng chat béo trong co thé [90]. Hormone
nay ciing &nh hudng dén sy phat trién cla khang insulin ngoai vi
bang cach 1am suy yéu tac dung cla insulin ddi v&i cac t& bao
nhay cdm v&i insulin. Mt khac, LEP cé thé gy khang insulin
bang cach anh hudng dén bai tiét insulin [91]. Nguwdi méac bénh
CVD cé mirc d6 LEP cao hon ngudi khéng mac bénh CVD [92].

Nhiéu tac gid cho rang mirc do LEP trong huyét tuong c6 thé 1a
mot diu an sinh hoc quan trong cda VPA-MetS va nguy co phat
trién bénh tim mach [5]. Vi vy, mét s& nghién clru d3 chi ra su
gia tang mrc do BMI, insulin va neuropeptide Y vao thang thu 3
clia diéu tri VPA [74]. Nguoi ta tin rang sy gia tang nay cling lién
quan dén murc d6 insulin va LEP trong huyét thanh hodc cac co
ché trung wong va ngoai vi do VPA gay ra [74]. Néng do LEP
trong huyét thanh ting cao déng mot vai trd quan trong trong
viéc ting can lién quan dén VPA & tré em [74].

3.3.6. Omentin

Omentin la mot adipokine méi duoc xac dinh; nd la mot loai
protein c6 trong luvgng co thé 13 38 kDa. Omentin chi yéu dugc
biéu hién trong mdé m& ndi tang va dugc tiét ra chi yéu tir t&
bao m6 dém mach mdau hon 13 t& bao m& [93]. Biéu hién cla
omentin giam & bénh nhan béo phi, khang insulin va déi théo
dudng. Nong dd omentin trong huyét tuwong twong quan thuan
vGi néng do adiponectin va lipoprotein mat dé cao trong huyét
thanh, nhung néng d6 trong huyét tuwong cla nd cé twong quan
nghich v&i BMI, chu vi vong eo, khang insulin, triglycerid va néng
dd leptin. Néng d6 omentin trong huyét twong thadp hon gop
phan vao sy phat trién cla tinh trang khang insulin, dai thao
duong typ 2 va cac bénh tim mach & bénh nhan béo phi hodc
thira can. Ngoai ra, omentin con lam gidn mach mau, gidp giam
nguy co tang huyét ap déng mach va l1am suy yéu qud trinh hinh
thanh mach do protein phan &ng C gy ra.

Vi vdy, omentin d3 duwgc dé xuit nhu mét du &n sinh hoc cla
MetS va 1a diu an sinh hoc cda réi loan chirc ndng ndi md &
bénh nhan méac MetS [93]. Ngudi ta dd chirng minh rang murc do
omentin khéng thay d8i trong qua trinh diéu tri bing valproate
[94], nhung cac nghién ctu vé ch dé nay ciling rat don 1, doi
hoi phai nghién ctru thém vé omentin nhu mét dau an sinh hoc
chuyén hdéa tiém ning cla VPA-MetS. Nghién ciru vé ndng do
omentin trong huyé&t twong trong twong lai cé thé gitp xac dinh
céc nhém bénh nhan cé nguy co cao méac MetS do VPA gay ra,
dé cac nha than kinh hoc va bac si tam than thuc hanh cé thé
tién hanh cac can thiép sdm va kiém tra chuyén sau.

3.3.7. Testosterone

Testosterone 1a mdt hormone gidi tinh va mot steroid déng hoa.
Testosterone dugc tiét ra chd yéu & tinh hoan & nam gidi va &
murc d6 thap hon 13 & budng tritng & nir gidi. N6 dwoc sinh téng
hop trong mét s6 giai doan tir cholesterol va chuyén thanh cac
chat chuyén héa khdéng hoat ddng trong gan. Testosterone c6
lién quan dé&n can bing nodi mai lipid trong cdéc moé nhu gan, md
m& va co xwong [95]. Néng dd testosterone trong huyét tuong
thap cé lién quan dén sy phat trién cha bénh béo phi, khang
insulin va tang cholesterol mdu & nam gidi. Ngoai ra, nam gidi
mac bénh MetS va déi thdo dwong typ 2 cé ty |& suy sinh duc
cao. MetS va luvgng mau thap (huyét thanh va huyét twong)
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testosterone levels are independently associated with an
increase in all-cause mortality and cardiovascular mortality.

The serum and plasma levels of testosterone are associated with
VPA-MetS development. Studies have shown a higher
prevalence of MetS in patients with low testosterone levels [95].
Firstly, VPA-induced obesity and hyperinsulinemia can inhibit
the synthesis of sex hormone binding globulin and,
consequently, the levels of circulating testosterone. Secondly,
low total testosterone and sex hormone-binding globulin levels
in  men correlate with hyperinsulinism and elevated
inflammatory cytokines that accompany obesity and an
increased waist circumference [96]. However, the results of
previous studies are controversial, as there are studies
confirming an increase in the testosterone levels in women
taking VPA [97-99].

3.3.8. Parathyroid Hormone

Parathyroid hormone is a polypeptide that is synthesized and
cleaved into its active form in the parathyroid gland [100]. It is
involved in the control of blood calcium levels, as well as
phosphorus and vitamin D levels. Parathyroid hormone is also
associated with the development of CVDs. A positive correlation
was shown between the level of parathyroid hormone and MetS
among the elderly and in patients with pathological obesity.
Although higher levels of this hormone have been associated
with an increased risk of cardiovascular diseases, insulin
resistance, arterial hypertension, and obesity in a number of
studies, there is no consensus on parathyroid hormone as a
biomarker of MetS yet.

With the chronic intake of VPA, the risk of bone fractures in
patients with epilepsy increases, as a result of a deterioration in
bone metabolism [101], which a number of authors associate
with VPA-induced disturbances in the formation of parathyroid
hormone [102,103]. However, the clinical significance of
parathyroid hormone as a biomarker of VPA-induced MetS
needs to be clarified.

3.3.9. Thyroid Stimulating Hormone

Thyroid-stimulating hormone (TSH) is produced by the pituitary
gland. TSH stimulates the production of thyroid hormones,
including thyroxine (T4) and triiodothyronine (T3). Elevated
serum levels of TSH are associated with dyslipidemia [5]. In
people with serum TSH levels at the upper limit of the normal
range (2.5-4.5 mcg/L), the level of biomarkers and
anthropometric indicators of obesity were increased, and the
level of TG was increased, as well as a high risk of developing
MetS. In recent years, there has been increasing evidence that
thyroid dysfunction affects the metabolism of lipids and glucose,
blood pressure, and BMI, which are associated with various
metabolic parameters and can lead to the development or
aggravation of the components of VPA-induced MetS.

VPA-induced thyroid dysfunction may interfere with growth and
development in children and adversely affect endocrine
hemostasis in adults [104]. Elevated serum levels of TSH may
also be associated with an increased incidence of VPA-induced

ndng do testosterone cé lién quan ddc |1ap vdi sy gia ting ty [&
tlr vong do moi nguyén nhan va ty Ié tl&r vong do tim mach.

Nong dd testosterone trong huyét thanh va huyét twong cé lién
quan dén su phat trién VPA-MetS. Cac nghién clru da chira ty 1é
méc bénh MetS cao hon & nhitng bénh nhin c6 mic
testosterone thap [95]. Dau tién, bénh béo phi va ting insulin
mau do VPA giy ra cé thé (rc ché qua trinh téng hop globulin
lien két v&i hormone gidi tinh va do do, l1am gidm néng do
testosterone lwu hanh. Thir hai, t6ng lwgng testosterone thap va
néng dd globulin lién k&t v&i hormone gidi tinh & nam gidi
tuong quan vdi cuwang insulin va tang cac cytokine gay viém di
kém vé&i béo phi va vong eo ting I&n [96]. Tuy nhién, két qua cla
cac nghién ctru trudc day dang gay tranh cai, vi cd nhitng nghién
clru xac nhan sy gia tdng ndng dé testosterone & phu ni* dung
VPA [97-99].

3.3.8. Hormone tuyén can giap

Hormone tuyén can gidp 1a mot polypeptide dwoc téng hop va
phan tdch thanh dang hoat ddng trong tuyén can giap [100]. N6
lién quan dén viéc kiém soat ndng dd canxi trong mau, ciing nhu
ndng d6 phét pho va vitamin D. Hormone tuyén cén gidp ciing
lién quan dén sy phét trién cia CVD. Mt méi twong quan tich
cwe d3 dwoc thé hién gitta mirc dd hormone tuyé&n can gidp va
MetS & ngudi cao tudi va bénh nhan béo phi bénh ly. M3c du
ndng dd hormone nay cao hon cé lién quan dén viéc tang nguy
co mac cac bénh tim mach, khang insulin, ting huyét 4p dong
mach va béo phi trong mdt s6 nghién citu, van chua cé sy dong
thuan vé hormone tuyén can gidp nhuv mot dau an sinh hoc cla
MetS.

V@i viéc str dung VPA min tinh, nguy co gdy xuong & bénh nhan
déng kinh tdng 1&n, do su suy giam chuyén héa xuong [101],
mot s8 tac giad lién quan dén réi loan do VPA giy ra trong qua
trinh hinh thanh hormone tuyén can gidp [102,103 1. Tuy nhién,
y nghia 1dm sang cla hormone tuyén can gidp nhu mot dau an
sinh hoc clia MetS do VPA géy ra can phai dugc lam rd.

3.3.9. Hormone kich thich tuyén giap

Hormone kich thich tuyén gidp (TSH) dugc san xuat bdi tuyén
yén. TSH kich thich sdn xudt hormone tuyén gidp, bao gém
thyroxine (T4) va triiodothyronine (T3). Néng dé TSH trong huyét
thanh tiing cao c6 lién quan dén rdi loan lipid mau [5]. & nhitng
ngudi cé ndng dé TSH huyét thanh & gidi han trén cha pham vi
binh thuwong (2,5-4,5 mcg/L), mirc dé ddu &n sinh hoc va céc chi
s& nhan trac hoc vé béo phi tang 1&n, mirc d6 TG cling ting Ién,
cting nhu nguy co mac bénh cao. phat trién MetS. Trong nhitng
nam gan day, ngay cang cé nhiéu bang chirng cho thay réi loan
chirc ndng tuyén gidp anh huwdng dén qua trinh chuyén héa lipid
va glucose, huyét dp va BMI, cé lién quan dén cac thong sd
chuyén hda khéc nhau va cé thé din dén sy phét trién hodc lam
trAm trong thém céc thanh phan cla MetS do VPA giy ra.

R&i loan chirc nang tuyén gidp do VPA gay ra c6 thé can trd su
tang trudng va phat trién & tré em va adnh hwdng xdu dén qua
trinh ¢cAm mau nodi tiét & ngudi I1dn [104]. Nong d6 TSH trong
huyét thanh tang cao ciing cé thé lién quan dén viéc ting ty |&
mac bénh béo phi do VPA gay ra [105].
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obesity [105]. Many publications note that an increased
concentration of TSH is associated with the development of
MetS [1]. The study by Glingor et al. [106] demonstrated that
the levels of thyroid hormones in the blood serum of children
with epilepsy aged 15 months to 16 years changed after 12
months of taking VPA compared to the period before the start
of therapy. The serum levels of TSH and free triiodothyronine
were significantly higher at the 12th month of treatment with
VPA and phenobarbital (PB) compared with the start of therapy
and with the control group, and subclinical hypothyroidism at
the 12th month was detected in 15.2% of children treated with
VPA, versus 2.9% of children treated with PB.When compared
with the values before treatment, there was a statistically
significant difference in the frequency of subclinical hypo-
thyroidism in the VPA group and there was no significant
difference in the PB group. The results of this study are
interesting because VPA inhibits the microsomal enzyme
systems of the liver. Although, other researchers have shown
that enzyme-inducing liver antiepileptic drugs such as PB,
carbamazepine (CMZ), and phenytoin (PH) induced the P450
liver enzyme system, resulting in decreased serum thyroxine
(T4) and free thyroxine (fT4) levels [104]. Nevertheless, it is
recognized that the thyroid function in patients taking VPA for a
long time should be monitored regularly.

Glucuronosyltransferase (UGT) may also be responsible for
glucuronidation and play a role in thyroid hormone metabolism,
as high levels of UGT have been observed following VPA
exposure in some studies [104]. Because VPA is an established
liver inhibitor, it may have some effect on thyroid hormone
metabolism. However, the mechanisms of VPAinduced thyroid
dysfunction have not been well established. So, a VPA-mediated
decrease in serum T4-binding globulin concentration, a shift
away from protein binding sites, and a decrease in T4 50-
deiodinase activity are all possible explanations. In addition to
the GABA stimulatory properties of VPA, GABA can inhibit the
release of somatostatin, which inhibits TSH secretion. VPA can
also lead to a deficiency of zinc and selenium, which play an
important role in the synthesis of thyroid hormones. A
significant effect of VPA on serum T4 and TSH was shown. T4
was significantly reduced while TSH levels were increased. (T4:
SMD = -0.384; 95% Cl, -0.5989 to -0.199; TSH: SMD = 0.942;
95% Cl, 0.664-1.20) [104,107]. In patients taking VPA, the
thyroxine and free thyroxine levels were significantly reduced,
while the thyroid-stimulating hormone (TSH) levels were
significantly elevated during 6, 12, and 24 months of VPA
therapy [108]. However, there has been insufficient research on
the relationship between VPA mono-therapy, elevated serum
TSH levels, and VPA-MetS. Nevertheless, it is recognized that the
thyroid function in patients taking VPA for a long time should be
monitored regularly. This biomarker of VPA-MetC may be a
promising.

3.4. Other Organic Compounds
Direct and Total Bilirubin

Bilirubin is a bile pigment that is formed during the breakdown
of hemoglobin, or rather heme—an iron—containing protein in
the composition of hemoglobin contained in red blood cells. At
the same time, the metalloprotein hemoglobin is released from

Nhigéu 4n pham lwu vy ring ndng dd TSH ting lén ¢ lién quan
dén sy phat trién cla MetS [1]. Nghién ctru cla Giingdr et al.
[106] &3 chirng minh rang ndng d6 hormone tuyén giap trong
huyét thanh cla tré em bi dong kinh tir 15 thang dén 16 tudi d3
thay d6i sau 12 thang dung VPA so v&i giai doan trwdc khi bat
d3u didu tri. Néng d6 huyét thanh cla TSH va triiodothyronine
tw do cao hon dang ké vao thang thir 12 diéu tri bang VPA va
phenobarbital (PB) so véi khi bat d3u diéu tri va véi nhém dai
chirng, va suy gidp cén lam sang & thang thr 12 dwoc phat hién
& 15,2% tré em duoc diéu tri bang VPA, so v&i 2,9% tré em duoc
diéu tri bang PB. Khi so sanh véi cac gid tri trudc khi diéu trj, cé
sy khdc biét cé y nghia thdng ké vé tan suat suy gidp can lam
sang & nhdm VPA va khéng cé su khac biét dang ké & nhom PB.
K&t qua cta nghién clru nay rat thud vi vi VPA (rc ché hé théng
enzyme microsome cla gan. Mac du, cac nha nghién ctru khac
d3 chi ra rang cac loai thudc chdng dong kinh & gan gay cam Gng
enzym nhu PB, carbamazepine (CMZ) va phenytoin (PH) gay ra
hé théng enzym gan P450, dan dén gidm ndng d6 thyroxine
huyét thanh (T4) va thyroxine ty do (fT4) [ 104]. Tuy nhién,
ngudi ta nhan ra rang chirc ndng tuyén gidp & bénh nhan dung
VPA trong thoi gian dai nén dugc theo doi thudong xuyén.

Glucuronosyltransferase (UGT) cling c6 thé chiu trach nhiém cho
quad trinh glucuronid héa va déng vai trd trong qud trinh chuyén
héa hormone tuyén gidp, vi ndng dd UGT cao dd dugc quan sat
thay sau khi tiép xtc véi VPA trong mot s6 nghién ctru [104]. Vi
VPA |a mot chat (e ché gan d3 duoc thiét 1ap nén né cé thé céd
mot s6 anh huwdng dén qué trinh chuyén hdéa hormone tuyén
gidp. Tuy nhién, cac co ché réi loan chirc ndng tuyén giap do VPA
gay ra van chua duoc thiét 1ap rd rang. Vi vay, sy gidm ndng do
globulin gdn véi T4 trong huyét thanh qua trung gian VPA, sy
dich chuyén khdi céc vi tri gén véi protein va gidm hoat déng cla
T4 50-deiodinase déu c6 thé dugc giai thich. Ngoai cac dic tinh
kich thich GABA cla VPA, GABA c6 thé (rc ché gidi phéng
somatostatin, rc ché bai tiét TSH. VPA ciling c6 thé din dén
thi€u k&m va selen, déng vai trd quan trong trong qua trinh téng
hop hormone tuyén gidp. Tac dung dang ké cla VPA déi voi T4
va TSH huyét thanh d3 dugc chirng minh. T4 gidm dang ké trong
khi mdrc TSH tang lén. (T4: SMD = -0,384; KTC 95%, -0,5989 dén
-0,199; TSH: SMD = 0,942; KTC 95%, 0,664—1,20) [104,107]. o}
nhitng bénh nhan dung VPA, néng do thyroxine va thyroxine ty
do gidm ddang ké, trong khi ndng d6 hormone kich thich tuyén
gidp (TSH) ting dang ké trong 6, 12 va 24 thang diéu tri VPA
[108]. Tuy nhién, van chua cé d3y dd nghién ctru vé méi quan hé
gitra don trj liéu VPA, ndng d6 TSH huyét thanh ting cao va VPA-
MetS. Tuy nhién, ngudi ta nhan ra rang chirc ning tuyén gidp &
bénh nhan dung VPA trong thoi gian dai nén dugc theo d&i
thudng xuyén. Dau an sinh hoc nay cla VPA-MetC cé thé 1a mot
trién vong.

3.4. Cac ho'p chat hivu co khac

Bilirubin tryc ti€p va toan phan

Bilirubin 1& mét sdc t6 mat dugc hinh thanh trong qua trinh phan
hdy huyét sdc t6, hay ding hon 13 heme—mét loai protein chita
sat trong thanh phan cla huyét séc to chira trong céc t& bao

héng cau. Péng thoi, metallicoprotein hemoglobin dugc giai
phong tlr
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the dead cells, consisting of an iron-containing part, heme, and a
protein component, globin. Iron is split off from heme, which is
reused as a necessary component of enzymes and other protein
structures, and heme proteins are converted into bilirubin.
Indirect (unconjugated) bilirubin with the help of albumins is
delivered by the blood to the liver, where, thanks to the enzyme
glucuronyltransferase, it combines with glucuronic acid and
forms direct (conjugated) bilirubin. The bound fraction of the
pigment practically does not enter the blood and is normally
excreted with bile. Bilirubin is a potentially toxic metabolite
[109]. However, it has antioxidant and anti-inflammatory
properties, including the ability to absorb ROS and inhibit LDL
oxidation. In addition, bilirubin is involved in suppressing the
expression of cell adhesion molecules, vascular cell adhesion
molecules 1 (VCAM-1), and intercellular adhesion 1 (ICAM-1) in
vitro [110]. A moderately elevated level of bilirubin is negatively
associated with the development of cardiovascular diseases and
other diseases mediated by oxidative stress [1]. Low serum
direct bilirubin is associated with an initial and subsequent CVD
diagnosis, MetS criteria at baseline, and rapid glucose criteria at
follow-up. The serum level of indirect bilirubin is associated with
the MetS criteria only at the initial stage of the development of
this disorder. Bilirubin intake increases with pathological obesity
and MetS due to increased oxidative stress. This, in turn, leads
to a decrease in the serum level of bilirubin, the development of
endothelial dysfunction, and an increased risk of CVDs, since the
antioxidant properties of bilirubin weaken. There is a
relationship between the serum level of direct bilirubin and the
risk of CVDs [111-113]. The causes of valproate-induced
hepatotoxicity are active [14]. The results of these studies
demonstrate that VPA-reactive (toxic) metabolites inhibit the
mitochondrial B-oxidation pathway of many endogenous and
exogenous compounds in the liver. These metabolites increase
the formation of ROS and cause excessive oxidative stress. In
addition, there is no doubt about the genetic predisposition of
valproates to this ADR, including polymorphisms of the genes of
mitochondrial carbamoyl phosphate synthase | (the CPS1 gene),
mitochondrial polymerase gamma (the POLG gene), glutathione
S-transferase (the GST gene), mitochondrial superoxide
dismutase 2 (the SOD2 gene), uridine diphosphategluco-
syltransferase (the UGT family genes), and genes encoding key
cytochrome P450 (CYP) isoenzymes involved in the metabolism
of VPA and its reactive metabolites in the liver (for example, the
CYP2C9 gene) [114]. In addition, VPA reduces the binding of
bilirubin to plasma proteins and slows down the rate of its
excretion from the human body. The combined effect of these
mechanisms may explain the prospects for using the levels of
direct and indirect bilirubin as a metabolic biomarker of VPA-
MetS.

3.5. Proteins
3.5.1. Adipocyte Fatty Acid Binding Protein

Adipocyte fatty acid binding protein (A-FABP) is a small lipid-
binding protein that is an adipokine. It is produced predo-
minantly by adipocytes, but is also produced by macrophages
and endothelial cells [115]. The association between a MetS
diagnosis and serum A-FABP levels had a sensitivity of 40% and a
specificity of 99% at a protein level of 16 mg/L [1].

cac t&€ bao chét, bao gdbm mdt phan chira sat, heme, va mot
thanh phan protein, globin. Sit duoc tach ra khoéi heme, duoc
tai s&r dung nhu mot thanh phan can thiét cla cac enzym va cac
c3u trac protein khac, va cac protein heme dugc chuyén déi
thanh bilirubin. Bilirubin gidn tiép (khong lién hop) vai su tro
giip cla albumin dugc mau dua dén gan, tai day, nhd enzym
glucuronyltransferase, né két hgp vdi axit glucuronic va tao
thanh bilirubin truc ti€p (lién hop). Phan rang budc cla séic td
thyc té€ khéng di vao mau va thuong dugc bai tiét qua mat.
Bilirubin 1& mot chat chuyén hda cé kha ndng gay doc [109]. Tuy
nhién, né c6 dic tinh chéng oxy héa va chéng viém, bao gém
kha ndng hap thu ROS va (rc ché qua trinh oxy héa LDL. Ngoai ra,
bilirubin cé lién quan dén viéc ngin chan sy biéu hién cla cac
phan t& két dinh t& bao, phan tlr két dinh t& bdo mach mau 1
(VCAM-1) va két dinh gilta cédc t& bao 1 (ICAM-1) trong &ng
nghiém [110]. Néng d bilirubin tang vira phai cé lién quan tiéu
cwc dén sy phat trién cla cac bénh tim mach va cac bénh khac
do stress oxy héa gay ra [1]. Bilirubin tryc ti€p trong huyét thanh
thap cé lién quan dén chan doan CVD ban d4u va sau d9, tiéu chi
MetS ltc ban dau va tiéu chi glucose nhanh khi theo d&i. Néng
dé bilirubin gian tiép trong huyét thanh chi lién quan dén tiéu
chi MetS & giai doan dau cla qua trinh phat trién réi loan nay.
Luvong bilirubin tang 1&n khi béo phi bénh ly va MetS do tdng
stress oxy hdéa. Nguwoc lai, diéu nay din dén gidm ndng do
bilirubin trong huyét thanh, phat trién réi loan chitc ndng ndi mo
va ting nguy co mac bénh CVD, do dic tinh chéng oxy héa cla
bilirubin bi suy y&u. C6 ma&i quan hé gitra néng dd bilirubin truc
ti€p trong huyét thanh va nguy co mic bénh tim mach [111-
113]. Cac nguyén nhan gy nhiém doc gan do valproate dang
hoat dong [14]. K&t qua cla nhitng nghién ciru nay chirng minh
rang cac chat chuyén héa phan &ng (doc hai) véi VPA (e ché con
duong oxy hda B ty thé cla nhiéu hop chat ndi sinh va ngoai
sinh trong gan. Cac chat chuyén héa ndy lam tang sy hinh thanh
ROS va gay ra stress oxy hdoa qua murc. Ngoai ra, khdng c¢é nghi
ngd gi vé khuynh hudng di truyén cha valproate d&i véi ADR
nay, bao gdm tinh da hinh cla céc gen clia enzyme carbamoyl
phosphate synthase | (gen CPS1), gamma polymerase ty thé (gen
POLG), glutathione S-transferase (GST). ty thé), superoxide
dismutase 2 cla ty thé (gen SOD2), uridine diphosphategluco-
syltransferase (cac gen thudc ho UGT) va cidc gen ma hda cac
isoenzyme quan trong cta cytochrom P450 (CYP) tham gia vao
quad trinh chuyén hda VPA va céc chat chuyén hda phan (tng cla
nd trong gan (vi du: , gen CYP2C9) [114]. Ngoai ra, VPA lam giam
sy gan két cla bilirubin vdi protein huyét twong va Idam cham toc
dé bai tiét ra khéi co thé con ngudi. Tac ddng két hop cla cac co
ché& nay cé thé giai thich trién vong sl dung mirc d6 bilirubin
trye ti€p va gian tiép nhw mét diu an sinh hoc chuyén héa cla
VPA-MetS.

3.5. protein
3.5.1. Protein lién két axit béo adipocyte

Protein lién két vai axit béo té bao m& (A-FABP) 13 mot protein
lien k&t vai lipid nhé 1a mét adipokine. N6 dugc san xuat chi yéu
bdi cac té bao m&, nhuwng ciling dwoc san xuat bdi cac dai thuc
bao va t& bao ndi md [115]. Méi lién quan gita chdn dodn MetS
va ndng d6 A-FABP trong huyét thanh cé d6 nhay 40% va do dic
hiéu 99% & mrc protein 16 mg/L [1].
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Usually, the patients with familial combined hyperlipidemia and
nonalcoholic fatty liver disease have high serum levels of A-FABP
[115,116]. Increased serum levels of A-FABP are also associated
with left ventricular diastolic dysfunction in MetScomorbid
obesity and cardiometabolic disorders [117]. This biomarker
may be a prognostic factor for the psychopharmacotherapy-
induced MetS development [5], including VPAMetS [118]. These
biomarkers have been known for many years but are still not
fully understood. A critical mechanism for VPA-induced steatosis
and fatty liver may be the VPAinduced inhibition of enzyme
carnitine palmitoyltransferase la (CPT1la) [113]. Additionally,
CD36-dependent lipid uptake, TG synthesis, and lipid droplet
formation are involved in VPA-induced steatosis [118]. A
repeated dosing of VPA modulates both the gene expression
and DNA methylation levels of the PPARa gene, the PPARy gene,
and the CD36 gene in hepatocytes in humans [119]. Thus, the
results of previously conducted studies demonstrate the
complex mechanisms of the involvement of VPA in the
development of fatty liver disease and an increase in serum
levels of A-FABP [118]. So, A-FABP may become a new metabolic
biomarker for VPA-MetS in the future.

3.5.2. C-Peptide

C-peptide is a polypeptide formed when proinsulin is cleaved by
peptidases. Together with the formed insulin, C-peptide is
secreted into the bloodstream [120]. It is produced in equal
molar amounts relative to insulin, mainly by the kidneys. C-
peptide has a half-life 3—4 times longer than that of insulin
[120]. It is used to diagnose insulin-dependent diseases and may
be a biomarker for VPA-MetS monitoring [121]. Since there is
one molecule of C-peptide for every insulin molecule, it is a good
biomarker for assessing the amount of endogenous insulin. The
level of C-peptide is higher in patients with hyperglycemia and
diabetes mellitus [122]. The role of C-peptide is considered as a
prognostic biomarker of cardiovascular pathologies [74,123] in
patients with VPA-MetS.

3.5.3. Cystatin-C

Cystatin-C (cys-C) is a 15 kDa protein. All cells with a nucleus
produce cys-C, and in humans it is found in almost all tissues and
body fluids. This protein acts as a negative regulator of pro-
atherogenic cysteine proteases [124] and is considered as a
potential sensitive biomarker of changes in glomerular filtration
in the kidneys, SVDs, and MetS [5,125-128], because cys-C is a
powerful inhibitor of cysteine protease, which plays a pleio-
tropic role in the pathophysiology of human vessels. Patients
with high serum cis-C levels are at the greatest risk of CVDs
(even with mild renal dysfunction), and patients with very high
serum cis-C levels usually have arterial hypertension, dyslipid-
emia, high BMI, and higher serum levels of C-reactive protein.
The elevated serum levels of circulating cis-C is associated with
the risk of atherosclerosis, coronary heart disease, stroke, and
MetS. This association does not depend on kidney function,
determined by formulas based on creatinine or other risk factors
for the development of SVDs and MetS. However, the role of
cys-C as a metabolic biomarker for VPA-MetS development
needs further research.

Théng thudng, nhitng bénh nhan bi tang lipid mau két hop cé
tinh chat gia dinh va bénh gan nhiém m& khéng do rugu cé
ndng dd A-FABP trong huyét thanh cao [115,116]. Néng d6 A-
FABP trong huyé&t thanh tang ciing lién quan dén ré&i loan chirc
ndng tam trwong that trai & bénh béo phi va réi loan chuyén héa
tim do MetScomorbid [117]. D4u &n sinh hoc nay cé thé 1a mot
yéu t8 tién lugng cho sy phat trién clia MetS do liéu phap tam
than [5], bao gdm VPAMetS [118]. Nhitng diu &n sinh hoc nay
da duwoc biét dén trong nhidu nam nhung van chua duoc hiéu
day dd. Mot co ché quan trong ddi vdi gan nhiém md& va gan
nhidm m& do VPA gy ra cé thé 1a do VPA (c ché enzym
carnitine palmitoyltransferase la (CPT1la) do VPA gay ra [113].
Ngoai ra, su hap thu lipid phu thudc vao CD36, tdng hop TG va
hinh thanh giot lipid c6 lién quan dén chirng nhiém m& do VPA
gay ra [118]. M6t lidu 13p lai ctia VPA diéu chinh c3 biéu hién gen
va mirc d6 methyl héa DNA cta gen PPARa, gen PPARy va gen
CD36 trong t& bao gan & nguoi [119]. Do d6, két qua cla cac
nghién ciru dugc tién hanh trudc day da chirng minh cac co ché
phtrc tap vé su tham gia cla VPA trong sy phat trién cla bénh
gan nhiém m& va sy gia ting ndng dé A-FABP trong huyét thanh
[118]. Vi vay, A-FABP c6 thé tr& thanh mét dau an sinh hoc
chuyén héa méi cho VPA-MetS trong tuong lai.

3.5.2. C-Peptit

C-peptide la mét polypeptide dwoc hinh thanh khi proinsulin bj
cét bdi peptidase. Cung véi insulin dwgc hinh thanh, C-peptide
duoc tiét vao mdu [120]. N6 dugc san xuat véi sé lugng mol
bang nhau so véi insulin, chl yéu |a do than. C-peptide c6 thoi
gian ban hdy dai hon 3-4 [an so vdi insulin [120]. N6 dwoc st
dung dé chan dodan cac bénh phu thudc insulin va cé thé Ia dau
an sinh hoc dé theo d&i VPA-MetS [121]. Vi ¢ mdt phan ti C-
peptide cho mbi phan t& insulin nén né 1d mdt dau an sinh hoc
tdt dé danh gid lwong insulin ndi sinh. Mc dé C-peptide cao
hon & nhitng bénh nhan bi ting dwdng huyét va dai thao dudng
[122]. Vai trd cla C-peptide dugc coi la ddu &n sinh hoc tién
lwgng bénh ly tim mach [74,123] & bénh nhan mac VPA-MetS.

3.5.3. Cystatin-C

Cystatin-C (cys-C) 1a mot protein 15 kDa. T4t ca cac té€ bao co
nhan déu tao ra cys-C, va & ngudi chat nay duoc tim thay trong
hau hé&t cdc md va dich co thé. Protein nay hoat déng nhu mét
chat diéu chinh tiéu cuc cla protease cysteine tién xo vita [124]
va duogc coi 1a mét diu an sinh hoc nhay cdm tiém an vé nhitng
thay d6i trong qua trinh loc cdu than & than, SVD va MetS
[5,125-128], bai vi cys-C 1a mét chat manh. chat trc ché protease
cysteine, déng vai tro pleio-tropic trong sinh ly bénh cda mach
mau ngudi. Bénh nhan cé ndéng d6 cis-C huyét thanh cao c6
nguy co mac bénh tim mach cao nhat (ngay ca khi bi réi loan
chirc ndng than nhe) va bénh nhan cé néng dé cis-C huyét thanh
rat cao thudng bi tang huyét ap déng mach, réi loan lipid mau,
BMI cao va ndng dé cis-C trong huyét thanh cao hon. protein
phan (tng C. Ndng d6 cis-C trong huyét thanh ting cao cé lién
quan dén nguy co xo vita déng mach, bénh tim mach vanh, dét
quy va MetS. M@i lién quan nay khéng phu thudc vao chirc ndng
than, dwoc xdc dinh béi cédc cong thirc dua trén creatinine hodc
cac yéu t6 nguy co khac ddi véi sy phat trién ca SVD va MetsS.
Tuy nhién, vai trd cla cys-C nhu mét diu &n sinh hoc trao déi
chat dé phat trién VPA-MetS can dugc nghién ciru thém.
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3.5.4. Ferritin

Ferritin is the main iron storage protein. It is necessary for iron
homeostasis and participates in a wide range of physiological
and pathological processes in the human body. It is synthesized
in hepatocytes [129]. The serum ferritin level is mainly used as a
biomarker of total iron reserves in the body. High serum ferritin
levels are associated with SVD, coronary heart disease, cancer,
and adverse outcomes after stem cell transplantation. In
addition, studies describe new functions of ferritin independent
of iron accumulation, including its relationship with the
development of MetS and hereditary metabolic diseases
(familial combined hyperlipidemia and familial hypertriglyce-
ridemia) [130]. The risk of myocardial infarction in men with
serum ferritin levels > 200 mcg/L was 2.2 times higher than in
men with normal serum levels of this biomarker. At the same
time, the positive correlation between serum ferritin levels and
the risk of myocardial infarction is higher in current or former
smokers.

However, the results of previous studies are not unambiguous,
since some studies have shown no change in ferritin levels
against the background of developed VPA-induced anemia
[131,132] and aplastic syndrome [133], while other studies have
demonstrated an increase in ferritin levels after 2—3 years of
taking valproates, especially in men over 60 years of age
[132,134]. So, the levels of ferritin as a metabolic biomarker for
the development of VPA-MetS requires further study.

3.5.5. Fibrinogen

Fibrinogen is a soluble plasma glycoprotein synthesized by the
liver. It is converted by thrombin to fibrin during blood
coagulation [135]. High plasma fibrinogen levels contribute to an
increased risk of CVDs in people with diabetes [136]. Hyper-
fibrinogenemia has long been considered as a MetS biomarker
[137].

ADRs such as thrombocytopenia have been reported with VPA;
abnormal platelet function; a decrease in the concentration of
von Willebrand factor; abnormal bleeding time; and activated
partial thromboplastin time (APTT) with reduced fibrinogen
(Fbg) and prolonged prothrombin time (PT) [135,138]. The level
of fibrinogen is considered as a clinically significant metabolic
biomarker of VPA-MetS, which is important to consider in real
clinical practice.

3.5.6. Fibroblast Growth Factor 21

Fibroblast growth factor (FGF-21) is a polypeptide produced
predominantly in liver tissues [139]. It has a beneficial effect on
glucose and lipid metabolism and has a high sensitivity to insulin
[1]. The serum levels of FGF-21 were significantly higher in
overweight/obese people than in normal or underweight
people. FGF-21 levels were positively correlated with obesity,
fasting insulin, and triglycerides and negatively correlated with
LDL levels [140]. VPA is known to have potential ADRs such as
hepatotoxicity. FGF21 is a functional cytokine for metabolic
regulation [141], including in patients taking VPA. Serological
evidence suggests that patients with epilepsy treated with VPA

3.5.4. Ferritin

Ferritin 13 protein du trit sit chinh. N6 can thiét cho can bang
ndi moi sit va tham gia vao mat loat cac qua trinh sinh ly va
bénh ly trong co thé con ngudi. N6 duwoc téng hop trong t& bao
gan [129]. Mirc d6 ferritin huyét thanh chd yéu dugc sir dung
nhu mot dau an sinh hoc cla tong luwong sat du trir trong co thé.
No&ng dé ferritin huyét thanh cao cé lién quan dén SVD, bénh tim
mach vanh, ung thu va céc két qua bat lgi sau khi ghép té bao
gdc. Ngoai ra, cac nghién clru mé td cac chirc ndng mdi cla
ferritin khéng phu thudc vao sy tich tu sit, bao gdm méi quan
hé clia né véi su phat trién cia MetS va cac bénh chuyén hda di
truyén (tang lipid mau k&t hop cé tinh chat gia dinh va tang
triglyceride mau cé tinh chat gia dinh) [130]. Nguy co nhdi mau
co tim & nam gidi c6 ndng do ferritin huyét thanh > 200 mcg/L
cao hon 2,2 an so v&i nam gidi c6 néng d6 dau an sinh hoc nay
trong huyét thanh binh thudong. Péng thdi, mdi tuwong quan
thuén gitta néng do ferritin huyét thanh va nguy co nhéi mau co
tim cao hon & nhirng ngudi hat thudc hién tai hodc trudc day.

Tuy nhién, két qua cla cac nghién cliru trwdc day khdng rd rang,
vi mét s6 nghién ctru cho thay khéng cé su thay déi vé mirc do
ferritin trong b6i cadnh thi€u mau do VPA phat trién [131,132] va
hoi chirng bat san [133], trong khi cac nghién clru khac da chirng
minh sy gia tdng mirc do ferritin sau 2—3 nam dung valproates,
dic biét & nam gidi trén 60 tudi [132,134]. Vi vay, mic d6
ferritin nhw mdt dau &n sinh hoc trao d8i chat dé phat trién VPA-
MetS can dwoc nghién ciru thém.

3.5.5. fibrinogen

Fibrinogen 13 mét glycoprotein huyét twong hoa tan dwoc téng
hop bdi gan. N6 dugc chuyén déi bdi thrombin thanh fibrin
trong qua trinh déng mau [135]. Néng do fibrinogen trong huyét
twong cao gép phan lam ting nguy co mac bénh tim mach &
nhitng ngudi mic bénh tiéu dudng [136]. Tang fibrinogenemia
tlr lau da dugc coi la mot dau an sinh hoc clia MetS [137].

Céc ADR nhu gidm tiéu cau d3 duogc bdo cdo v&i VPA; chirc ndng
tiéu cau bat thuwdng; gidm nodng dé cla yéu td von Willebrand;
thdi gian chdy mau bat thudng; va kich hoat thdi gian
thromboplastin tirng phan (APTT) v&i gidm fibrinogen (Fbg) va
kéo dai thai gian prothrombin (PT) [135,138]. Mrc do fibrinogen
duoc coi 1a moét dau an sinh hoc chuyén héa cé y nghia 1am sang
cla VPA-MetS, diéu quan trong can xem xét trong thuc hanh
l&m sang thuc té.

3.5.6. Yéu t6 ting trwdng nguyén bao soi 21

Yé&u t& ting trwdng nguyén bao soi (FGF-21) 13 polypeptide dwoc
san xuat chl y&u trong md gan [139]. C6 loi d6i vdi chuyén hda
glucose va lipid va cé dé nhay cao vdi insulin [1]. Néng d6 FGF-
21 trong huyét thanh cao hon dang ké & nhitng ngudi thira can,
béo phi so v&i ngudi binh thudrng hodc thi€u can. Nong dd FGF-
21 c6 méi twong quan thuan vdi bénh béo phi, insulin ltc déi va
chat béo trung tinh va cé mdi twong quan nghich véi mdrc LDL
[140]. VPA duoc biét 1a cé cac ADR tiém an nhu nhiém doc gan.
FGF21 13 mét cytokine chirc ndng dé diéu hoa chuyén hoa [141],
bao gdm ca & nhitng bénh nhan dung VPA. Bang chirng huyét
thanh hoc cho thay b&nh nhan dong kinh dwoc diéu tri bang VPA
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also have markedly elevated levels of FGF21 in plasma samples
[141]. In patients with bipolar affective disorder, FGF21 levels
were significantly elevated after VPA treatment, and high FGF21
levels were significantly correlated with treatment outcome and
the development of MetS. These results suggested that FGF21
may be a common metabolic biomarker for the development of
VPA-MetS [142,143].

3.5.7. Monocyte Chemoattractant Protein-1

Monocyte chemoattractant protein-1 (MCP-1) is one of the key
chemokines that regulates the migration and infiltration of
monocytes/macrophages. It is secreted by adipocytes. Both
MCP-1 and its receptor have been demonstrated to be induced
and involved in various diseases. MCP-1 plays an important role
in atherosclerosis development [144]. Diabetic patients and
patients with MetS have high levels of MCP-1; it is associated
with a mild systemic inflammatory response [145,146]. Experi-
ments have shown a significant increase in the level of
monocytic chemoattractant protein-1 on VPA therapy [147].
Other studies have shown the inhibition of MCP-1 by valproates
[148]. These results demonstrate that MCP-1 can be considered
as a potential metabolic biomarker for VPA-MetS.

3.5.8. Plasminogen Activator Inhibitor-1

Plasminogen activator inhibitor-1 (PAI-1) is a serpin-containing
glycoprotein that is secreted by several cell types [149]. PAI-1
can bind to free and receptor-bound urine plasminogen
activator (uPA), thereby inhibiting uPA-mediated degradation of
the extracellular matrix. PAI-1 is an inhibitor of the fibrinolytic
system, sometimes referred to as a prothrombotic adipokine [5].
High levels of PAI-1 are associated not only with thrombosis and
fibrosis, but also with obesity and insulin resistance. In addition,
high plasma levels of PAI-1 is a common feature in patients with
MetS, CVDs, and is directly related to the severity of the
diseases [150]. Treatment with VPA reduces the plasma levels of
PAI-1 and alters the fibrinolytic balance, measured as t-PA
activator inhibitor/Plasminogen-1 ratio (t-PA/PAI-1), in a profi-
brinolytic direction. The effect is explained by the fact that VPA
is a selective class | histone deacetylase inhibitor and thus
affects the epigenetic regulation of gene expression [14,151].
This may partly explain the reduction in the incidence of
myocardial infarction with VPA treatment observed in recent
pharmacoepidemiological studies [152-154]. However, the
results obtained are debatable. Research on PAI-1 as a
metabolic biomarker for VPA-MetS continues.

3.5.9. Retinol-Binding Protein 4

Retinol-binding protein 4 (RBP-4) is a transport protein for
retinol. This protein is produced predominantly in the liver, but
is also produced in increased amounts by adipocytes [155]. The
RBP4 may contribute to the development of metabolic
dysfunction by disrupting adipocyte differentiation and in-
creasing the secretion of pro-inflammatory cytokines by
macrophages. RBP4-mediated TNF-a induction may additionally
inhibit adipocyte differentiation. Moreover, elevated plasma
levels of RBP-4 have been associated with an unfavorable
biomarker profile of oxidative stress and inflammation [5]. The

cling c6 ndng d6 FGF21 ting cao rd rét trong cdc mau huyét
twong [141]. & nhitng bénh nhan mic chirng ri loan cdm xdc
lwdng cuc, ndng dd FGF21 ting dang ké sau khi diéu tri bang
VPA va ndng dd FGF21 cao cé tuong quan dang ké véi két qua
diéu tri va sy phat trién clia MetS. Nhitng két qua nay goi y rang
FGF21 c6 thé |3 mot diu &n sinh hoc trao d8i chat phd bién dé
phat trién VPA-MetS [142,143].

3.5.7. Protein héa hoc don bao-1

Protein-1 héa hap dan bach cau don nhan (MCP-1) 13 mét trong
nhi*ng hda chat quan trong diéu chinh sy di chuy&n va xam nhéap
cla bach cidu don nhan/dai thyc bao, dwoc tiét ra bdi cac té bao
m&. C4 MCP-1 va thu thé clia né dwoc chirng minh 1a gay ra va
lién quan dé&n cac bénh khac nhau. MCP-1 déng mét vai trd quan
trong trong sy phat trién xo vita dong mach [144]. Bénh nhan
tiu dwong va bénh nhan mac bénh MetS cé ndng d6 MCP-1 cao
c6 lién quan dén phan rng viém toan than nhe [145,146]. Cac
thi nghiém cho thay su gia ting dang ké vé mic do protein-1
chat hap dan héa hoc monocytic trong liéu phap VPA [147]. Cac
nghién cru khac d3 chi ra sy trc ch& MCP-1 cla valproates [148].
Nhitng k&t qua nay chirng minh rang MCP-1 c6 thé dugc coi I3
mét ddu an sinh hoc chuyén hda tiém nang cho VPA-MetS.

3.5.8. Chat trc ché hoat héa Plasminogen-1

Chat (rc ché hoat héa plasminogen-1 (PAI-1) 13 glycoprotein
chira serpin duoc tiét ra bdi mot sé loai t€ bao [149]. PAI-1 cb
thé lién két v&i chat kich hoat plasminogen trong nudc tiéu tu
do va gan véi thu thé (uPA), do dé trc ché sy thodi bién qua
trung gian uPA cla ma trén ngoai bao. PAI-1 13 chat (rc ché hé
théng tiéu soi huyét, déi khi dugc goi 13 adipokine prothro-
mbotic [5]. Néng dd PAI-1 cao khéng chi lién quan dén huyét
khdi va xo héa ma con lién quan dén béo phi va khang insulin.
Ngoai ra, ndng d6 PAI-1 t huyét twong cao |a d3c diém phd bién
& bénh nhan MetS, CVD va lién quan tryc ti€p dén mic dé
nghiém trong clia bénh [150]. Diéu tri bang VPA lam gidm ndng
d6 PAI-1 huyét tuwong va thay déi can bang tiéu soi huyét, duoc
do bang chat (rc ché& chat kich hoat t-PA/ty 1& Plasminogen-1 (t-
PA/PAI-1), theo hudng tiéu sgi huyét chuyén nghiép. Hiéu ng
nay giai thich béi thyc t€ 13 VPA 13 mét chat (rc ché chon loc
histone deacetylase loai | va anh hudng dén su diéu hoa biéu
sinh cla biéu hién gen [14,151]. Diéu nay giai thich mét phan
viéc gidm ty |& nhdi mau co tim khi diéu tri bing VPA quan sat
duoc trong cac nghién ctru dich té& hoc dwoc ly gan day [152—
154]. Tuy nhién, két qua gay tranh c&i. Nghién ctru vé PAI-1 nhu
mdt dau an sinh hoc trao d&i chat cho VPA-MetS van tiép tuc.

3.5.9. Protein lién két v&i retinol 4

Retinol-binding protein 4 (RBP-4) 13 protein van chuyén retinol.
Protein nay dwoc sdn xuat chd yéu & gan, nhung cling dwoc san
Xuat véi s6 lugng ting 1én bdi cic t& bao mé& [155]. RBP4 cé thé
g6p phan vao su phat trién cla réi loan chirc nang trao d6i chat
bang cach pha v& qud trinh biét héa t& bao m& va lam ting su
tiét ra cac cytokine tién viém bédi dai thuc bao. CAm &ng TNF-a
qua trung gian RBP4 cé thé trc ché& thém su biét hda t& bao md.
Hon nita, ndng d6 RBP-4 trong huyét tuwong ting cao cé lién
quan dén hd so ddu an sinh hoc bat lgi cla stress oxy hoa va
viém [5]. Cac
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LEP increases the level of RPB4 protein in humans. High levels of
RBP-4 may be associated with MetS components [5,156].
Individuals with very high levels of RBP4 in their blood have a
significantly increased risk of developing MetS. The RBP-4 level
correlates with the waistto-hip ratio or visceral fat area, and can
be used as a predictive MetS biomarker [5]. Thus, VPA has been
shown to reduce the level of RBP-4 [157], which may indicate a
potential role of this metabolic biomarker in the development of
VPA-MetS.

3.5.10. Tumor Necrosis Factor Alpha

Tumor necrosis factor alpha (TNF-a) is a pro-inflammatory
cytokine that has a pleiotropic effect on various types of cells in
the human body. TNF-a is secreted from infiltrated macro-
phages into adipose tissue and lipocytes. TNF-a has been
identified as the main regulator of inflammatory reactions and a
participant in the mechanisms of pathogenesis of some inflam-
matory and autoimmune diseases, SVD, diabetes mellitus,
insulin resistance, and MetS [158-160]. High serum TNF-a levels
are associated with MetS regardless of the components of MetS
[5]. However, the results of previous studies on VPA-MetS are
mixed, as some studies have shown that VPA suppressed the
production of TNF-a by inhibiting the activation of nuclear
transcription factor kappa B (NF-kappaB) [161,162], while in
others VPA promoted the release of TNF-a from activated
astrocytes, inducing neuronal apoptosis [163]. Thus, TNF-a can
be considered as a promising clinically relevant VPA-MetS
biomarker in the future.

3.5.11. Neuropeptide Y

Neuropeptide Y (NPY) is expressed in the brain (in a subset of
interneurons of the hippocampus and cerebral cortex, as well as
in almost all neurons of the reticular thalamus) and autonomic
nervous system. Its blood level is associated with mental
disorders (anxiety, depression, epilepsy, schizophrenia, cognitive
disorders, etc.), sleep disturbance, and metabolic disorders
(obesity) [164]. The regulation of NPY is an important modulator
of epilepsy and epileptogenesis. The VPA treatment may alter
NPY expression in hippocampal cultures [165].

Experiments have shown an increase in mRNA and NPY levels in
humans after chronic treatment with VPA at therapeutic
concentrations. In addition, NPY upregulation may influence VPA
anticancer treatment of neuroblastomas [1], and counteracting
hypothalamic NPY effects may help improve VPA-induced
weight gain and obesity without interfering with the desired
central effects of VPA [164]. In children aged 2 to 10 years,
taking VPA for less than two years resulted in a significant
increase in NPY levels, which was associated with an increased
appetite (primarily affecting carbohydrate intake) and weight
gain [166]. This is because as NPY production increases, energy
intake increases, and then fat accumulation and body weight
increase.

Since NPY plays a role in both seizure control and weight
control, NPY is a possible biomarker for the association between
VPA use and weight gain as one of the components of VPA-
induced MetS. However, it is not yet clear enough whether VPA

LEP Iam tang mirc protein RPB4 & ngudi. Mirc RBP-4 cao c6 thé
lien quan dén céc thanh phan MetS [5,156]. Nhitng ngudi co
nong d6 RBP4 rat cao trong mau cé nguy co mac bénh MetS cao
hon dang k&. Mdrc RBP-4 tuong quan vdi ty 1& eo-hdng hodc
viing m& ndi tang va cé thé dugc st dung nhu mét dau an sinh
hoc dy doan MetS [5]. Do dé, VPA da dugc chirng minh la lam
gidm murc RBP-4 [157], didu ndy cé thé& cho thay vai tro tiém
ndng cla diu 4n sinh hoc chuyén héa nay trong qud trinh phat
trién VPA-MetsS.

3.5.10. Yéu té hoai tir khdi u Alpha

Yéu t& hoai tlr khéi u alpha (TNF-a) 13 mét cytokine gy viém co
tac dung da huwdng ddi véi nhiéu loai té€ bao khic nhau trong co
thé ngudi. TNF-a duoc tiét ra tir cac dai thuc bao xam nhap vao
mo6 md& va té bao m&. TNF-a d3 duoc xac dinh 1a chat diéu hoa
chinh cla cac phan &ng viém va |13 chat tham gia vao co ché sinh
bénh hoc clia mdt s& bénh viém va tw mién dich, SVD, dai thao
duong, khang insulin va MetS [158-160]. Néng d& TNF-a huyét
thanh cao cé lién quan dén MetS bat ké cic thanh phan cla
MetS 13 gi [5]. Tuy nhién, k&t qud cla cdc nghién ctru trudc day
vé VPA-MetS con 1an 16n, vi mdt s6 nghién ctru d3 chi ra rang
VPA d3 ngan chin viéc san xudt TNF-a bang cach trc ché kich
hoat yéu t6 phién m3 hat nhan kappa B (NF-kappaB) [161,162],
trong khi & nhitng nghién ciu khac VPA thuc ddy gidi phdong
TNF-a tir cac té€ bao hinh sao dugc kich hoat, gy ra qué trinh
chét theo chwong trinh cta té€ bao than kinh [163]. Do dé, TNF-a
c6 thé duoc coi 1a mot dau an sinh hoc VPA-MetS day hra hen
trong tuong lai.

3.5.11. Neuropeptide Y

Neuropeptide Y (NPY) hién dién trong ndo (trong mot tap hop
con cac té€ bao than kinh hoi hdi ma va vo ndo, cling nhu trong
hau hét cac t& bao than kinh cha dbi thi) va hé than kinh tu tri.
N&ng do trong mau cé lién quan dén céc réi loan tdm than (lo
IAng, tram cam, dong kinh, tdm than phan liét, rdi loan nhan
thirc, v.v.), réi loan gidc ngl va réi loan chuyén héa (béo phi)
[164]. Quy dinh cla NPY 13 bd diéu bién quan trong clda déng
kinh va phat sinh dong kinh. Phuong phap diéu tri VPA lam thay
déi biéu hién NPY trong méi trudng nudi cdy héi hai m3 [165].

Céc thi nghiém d3 cho thay su gia tdng ndng d6 mRNA va NPY &
ngudi sau khi didu tri man tinh bang VPA & ndng do tri lidu.
Ngoai ra, viéc didu chinh lai NPY cé thé anh huwéng dén viéc diéu
tri u nguyén bao than kinh bang thudc chéng ung thu VPA [1] va
chdng lai tdc dung NPY vung duwdi ddi cé thé gitp cai thién tinh
trang tang can va béo phi do VPA gdy ra ma khong anh hudng
dén tac dung trung tdm mong mudn cta VPA [164]. & tré em tir
2 dén 10 tudi, dung VPA trong vong chua day hai ndm dan dén
murc NPY ting déng ké, diéu ndy cé lién quan dén viéc ting cam
gidc thém 3n (cha y&u anh hudng dén lugng carbohydrate) va
tdng can [166]. Piéu nay la do khi sdn xuat NPY ting Ién, ning
lvgng hap thu ting 1én, sau dé tich tu chat béo va trong luong
co thé tdng lén.

Vi NPY ddng vai tro ca kiém soat déng kinh va can nang, nén NPY
|& mdt dau &n sinh hoc kha di cho méi lién hé gitra viéc st dung
VPA va ting can vdi tu cach 1a mét trong nhirng thanh phan cda
MetS do VPA gay ra. Tuy nhién, van chua dd rd liéu VPA cé
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directly or indirectly affects blood NPY levels, so more research
is needed to investigate this relationship. Thus, NPY can be
considered as a potential biomarker of VPA-MetS, but there is
still no clear answer to the question of its pathogenetic role in
the development of VPA-MetS.

3.6. Lipids
3.6.1. Apolipoprotein A1

Apolipoprotein Al (apo-A1l) is the main structural protein found
in HDL, which is a part of HDL-C and helps to remove cholesterol
from the walls of blood vessels. High levels of Apo-Al are
present in plasma and extravascular tissues [167]. It is
synthesized in the liver (predominantly) and intestine. The
production of ApoA-lI regulating factors, including the
modulation of the concentration of ApoA-I mRNA in tissues, are
important factors determining the concentration of HDL-C in
plasma and may contribute to relative resistance to hyper-
cholesterolemia, atherosclerosis, and MetS. Measurements of
apo-Al levels have proven to be very useful in diagnosing and
monitoring genetic diseases such as Tangier’s disease associated
with low HDL-C levels [168]. The ratio of apo-B to apo-Al is
higher in MetS and is a predictive biomarker of MetS and pre-
MetS [169], so this biomarker is also promising for diagnosing
VPA-MetS in the future.

3.6.2. Apolipoprotein B

Apolipoprotein B (apo-B) is a blood plasma protein that is part of
LDL. In addition, apo-B is the main apolipoprotein of
chylomicrons, very low density lipoproteins, and its residues.
Apo-B is a carrier of “bad cholesterol”, which causes the
accumulation of cholesterol in the walls of blood vessels. The
first form of Apo-B is synthesized by the liver and promotes the
transport of cholesterol from LDL to various tissues. The second
form of Apo-B is produced only by the intestine and is involved
in the catabolism of chylomicron residues in the liver [170].
There is a significant relationship between the plasma level of
apo-B and the development of atherosclerosis [171].

Apo-B concentration may be more predictive of CVDs risk in
patients taking VPA than using the traditional metabolic
biomarkers VPA-MetS. Furthermore, an association was found
between MetS constituents and higher levels of apo-B [172],
which explains the increased interest of researchers in this
metabolic biomarker.

3.6.3. Free Fatty Acids

Free fatty acids (FFAs) are types of lipids released from adipose
tissue and several types of cells during lipolysis. FFAs are non-
esterified fatty acids and are released as a result of the
hydrolysis of triglycerides (a triglyceride molecule consists of
three molecules of fatty acids bound to glycerin) in adipose
tissue by lipoprotein lipase. The release of FFAs from adipose
tissue decreases when blood flow through the tissue is
restricted. FFAs play an important role in energy supply and as
structural components, they are participants in

various biological processes in the human body. The lipolysis is
inhibited by insulin and stimulated by catecholamines, glucagon

anh hudng tryc tiép hodc gian tiép d&n mdrc NPY trong mau, vi
vay can nhiéu nghién clru hon dé diéu tra méi quan hé nay. Do
dé, NPY c6 thé duoc coi |a mot diu &n sinh hoc tiém nang cla
VPA-MetS, nhuwng van chura c6 cau tra |oi rd rang cho cau hdi vé
vai trd gy bénh cla né trong qua trinh phét trién VPA-MetS.

3.6. lipid
3.6.1. Apolipoprotein Al

Apolipoprotein Al (apo-Al) |a protein cu tric chinh dugc tim
thdy trong HDL, 13 mdt phan cla HDL-C va gilp loai bd
cholesterol khoi thanh mach mau. Néng dé Apo-Al cao hién
dién trong huyét twong va cdc mé ngoai mach mau [167]. N6
duoc téng hop & gan (chd y&u) va rudt. Viéc san xuat cac yéu td
diéu hoa ApoA-l, bao gdm diéu chinh néng d& ApoA-l mRNA
trong cdc md, la nhitng yéu t8 quan trong quyét dinh néng dé
HDL-C trong huyét tuwong va cé thé gép phan vao khad ning
chéng lai chiing tdng cholesterol mau, xo vita déng mach va
bénh tim mach. . Cac phép do mirc do apo-Al da duoc ching
minh 1a rat hitu ich trong chin doan va theo d&i cac bénh di
truyén nhu bénh Tangier lién quan dén mc HDL-C thip [168].
Ty |é apo-B so v&i apo-Al cao hon trong MetS va |3 dau &n sinh
hoc dy doédn cda MetS va tién MetS [169], vi vy ddu &n sinh hoc
nay ciing hira hen dé chdn dodn VPA-MetS trong tuong lai.

3.6.2. Apolipoprotein B

Apolipoprotein B (apo-B) |a mot protein huyét tuong la mot
phan cia LDL. Ngoai ra, apo-B la apolipoprotein chinh cla
chylomicron, lipoprotein mat dé rat thap va duv luvgng cla no.
Apo-B 13 chiat mang “cholesterol xdu”, gdy ra sy tich tu
cholesterol trong thanh mach mau. Dang dau tién cla Apo-B
duwoc téng hop bdi gan va thic ddy quéd trinh van chuyén
cholesterol tir LDL dén cdc md khac nhau. Dang thir hai cla Apo-
B chi duoc san xuat bai rudt va tham gia vao qua trinh di héa du
lvgng chylomicron trong gan [170]. C6 mdt mdi quan hé dang ké
gitta ndng dd apo-B trong huyét tuong va su phat trién cla
chirng xo vita dong mach [171].

Nong d6 Apo-B ¢ thé gitp du doadn nguy co méc bénh tim mach
& nhirng bénh nhan dung VPA nhiéu hon so v&i st dung céc diu
an sinh hoc chuyén héa truyén théng VPA-MetS. Hon nita, mot
mai lién hé da dugc tim thdy gitta cac thanh phan MetS va mirc
apo-B cao hon [172], diéu nay giai thich sy quan tdm ngay cang
tang cla cac nha nghién ciru d&i vdi dau an sinh hoc trao d6i
chat nay.

3.6.3. Axit béo tu do

Axit béo ty do (FFA) la cac loai lipit dwgc giai phdng tlr mé mé&
va mot s6 loai t& bao trong qua trinh phan gidi m&. FFA 13 axit
béo khdng este hda va dugc giadi phdng do qua trinh thdy phan
chat béo trung tinh (mét phan tlr chat béo trung tinh bao gdbm
ba phan tl&r axit béo lién két vdi glycerin) trong mé m& bdi
lipoprotein lipase. Viéc gidi phdng FFA tlr mdé m& giam khi luu
lwgng mau qua mé bi han ché. FFA déng mét vai trd quan trong
trong viéc cung cap nang luvong va 1a thanh phan ciu truc, ching
tham gia vao céc qua trinh sinh hoc khac nhau trong co thé con
ngudi. Sy phan gidi m& bi (rc ché béi insulin va duoc kich thich
bai catecholamine, glucagon
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and adrenal corticoids [5]. FFAs circulate in the blood in a
protein-bound form, serving as an energy source for various
tissues of the human body [173]. Chronically elevated FFAs
levels are observed in obese people, as well as in patients with
diabetes mellitus, insulin resistance, and CVDs. A high level of
this biomarker is associated with the risk of sudden death
syndrome in patients with coronary heart disease [174,175]. The
erythrocyte FFAs profile not only shows an association with
MetS, but also correlates with most of its individual
components. However, the study of separated FFAs is a more
accurate approach to determining their role in MetS risk in
patients who take psychotropic drugs for a long time [5]. Being a
simple fatty acid, VPA is a substrate for the B-oxidation pathway
of FFAs, which occurs primarily in the mitochondria. The toxicity
of VPA has long been considered primarily due to its
interference with mitochondrial B-oxidation [14,176]. Research
results show that VPA can influence the increase in the level of
FFAs and contribute not only to the development of fatty liver
disease [177], but also to the development of VPA-MetS [178].
At the same time, there are conflicting results from studies
where VPA reduced FFAs [179]. Based on this, FFAs can be
considered as a clinically relevant metabolic biomarker for VPA-
MetS.

3.6.4. Oxidized Low Density Lipoprotein

Oxidized LDL (Ox-LDL) has been attributed to numerous pro- and
anti-atherogenic properties. However, Ox-LDL has not been
defined or characterized since its components and composition
vary depending on the source, and method of obtaining, storing
and using biosamples [180]. It contains unoxidized and oxidized
derivatives of fatty acids, both in ester and free form, their
degradation products, cholesterol and its oxidized products,
proteins with oxidized amino acids and cross-links, polypeptides
with various degrees of covalent modification by lipid oxidation
products, and much more [181]. It is believed that Ox-LDL is
associated with cardiovascular risk factors in diabetes mellitus
[1]. Elevated levels of circulating Ox-LDL have been found in
various cohorts of patients with MetS [1]. Long-term VPA use is
associated with metabolic disorders such as weight gain and
may be an alteration in lipid profiles that contribute to
cardiovascular events; however, these effects have not been
fully determined [181]. There is not enough research on this
topic; therefore, it requires further study of the role of Ox-LDL as
a metabolic biomarker of VPA-MetS in the future.

3.6.5. Cholesterol

Cholesterol is an organic compound, a natural fatty (lipophilic)
alcohol contained in the cell membranes of all living organisms
[182]. The term cholesterol includes total cholesterol (TC), TG,
and HDL-C (or the TC/HDL-C ratio). The higher the TC/HDL-C
ratio, the higher the risk of CVDs. In most cases, it is desirable
that the ratio of patients should be below 5:1. The ratio below
3.5:1 is considered very good. Dyslipidemia is a violation of the
normal (physiological) ratio of blood lipids. With prolonged
existence, dyslipidemia leads to the development of
atherosclerosis and SVDs, increasing the risk of developing such
serious outcomes (myocardial infarction and ischemic stroke).
Dyslipidemia includes an increase in chylomicrons, very LDL

va corticoid thugng than [5]. FFA lru thong trong mau & dang
lien két v&i protein, dong vai trd 1a ngudn nang lwong cho cac
md khac nhau clia co thé con ngudi [173]. Néng d6 FFA ting cao
man tinh dugc quan sat thiy & nhitng ngudi béo phi, cling nhu
& nhitng bénh nhan dai thdo dudng, khang insulin va CVD. Mdrc
d6 cao cla dau 4n sinh hoc nay cé lién quan dén nguy co miac
hoi chirtng d6t t&r & bénh nhan mac bénh mach vanh [174,175].
H® so FFA héng cau khéng chi cho thdy méi lién hé véi MetS ma
codn twong quan véi hau hét cac thanh phan riéng 1é cda né. Tuy
nhién, nghién ciru vé cac FFA tich biét 13 mot cach tiép can
chinh x4c hon dé xac dinh vai trd cla ching déi v&i nguy co
MetS & nhitng bénh nhan dung thuéc hudng than trong thoi
gian dai [5]. LA mot axit béo don gidn, VPA 13 chat nén cho con
duong oxy hda B cla FFA, xay ra chl yéu & ty thé. Dac tinh cla
VPA tir 13u d3 dugc xem xét chd yéu 13 do sy can thiép cla né
d6i v&i qua trinh oxy hda B cla ty thé [14,176]. K&t qua nghién
cttu cho thay VPA c6 thé anh hudng dén sy gia ting mc d6 FFA
va gép phan khong chi vao sy phat trién cla bénh gan nhiém me
[177] ma con vao su phat trién cla VPA-MetS [178]. Pong thoi,
¢6 nhitng két qua mau thuin tir cic nghién ctru trong dé VPA
lam giam FFA [179]. Dya trén diéu ndy, FFA c6 thé dugc coi |a
mot dau an sinh hoc chuyén héa cé lién quan vé mit |am sang
déi véi VPA-MetsS.

3.6.4. Lipoprotein mat do thap oxy hoa

LDL oxy hda (Ox-LDL) dwoc cho 1a cé nhiéu déc tinh hd tro va
chéng xo vira déng mach. Tuy nhién, Ox-LDL chwa dugc xac dinh
hodc d3c trung vi cac thanh phan cda né khac nhau tuy thudc
vao ngudn va phuong phap 1ay, lwu trir va st dung mau sinh hoc
[180]. N6 chira cac din xuat bj oxy hda va khdng bj oxy héa cla
axit béo, cd & dang este va dang tu do, cac san pham thodi hda
cla chung, cholesterol va cic san phdm bj oxy héa cla né,
protein v&i cac axit amin bj oxy hda va lién két chéo, polypeptit
V@i cdc mirc dd bién d8i cong hda tri khac nhau bai cac san
pham oxy héa lipid, va nhidu hon nira [181]. Ngudi ta tin rang
Ox-LDL ¢6 lién quan dén céc yéu té nguy co tim mach & bénh déi
thao dudng [1]. Néng dd Ox-LDL lwu hanh ting cao da duoc tim
thay & nhidu nhém bénh nhan mac MetS [1]. S& dung VPA lau
dai cd lién quan dén rdi loan chuyé&n héa nhu ting can va co thé
I su thay d&i cdu hinh lipid gép phan giy ra céc bién c8 tim
mach; tuy nhién, nhitng anh hudng nay van chua duoc xac dinh
dAay dd [181]. Khéng cé du nghién clru vé chl dé nay; do d6, nd
doi hoi phai nghién ciru thém vé vai trd cla Ox-LDL nhu mét diu
an sinh hoc chuyén héa clia VPA-MetS trong tuong lai.

3.6.5. cholesterol

Cholesterol 1& mét hop chat hitu co, mét loai rugu béo
(lipophilic) tw nhién cé trong mang té bao cla tat ca cac sinh vat
s6ng [182]. Thuadt ngi* cholesterol bao gdm cholesterol toan
phan (TC), TG va HDL-C (hosc ty 1& TC/HDL-C). Ty & TC/HDL-C
cang cao thi nguy co méc bénh tim mach cang cao. Trong hau
hét cac trwong hop, ty 18 bénh nhan nén dudi 5:1. Ty 1é dudi
3,5:1 duoc coi |3 rat t&t. RGi loan lipid mau 13 sy vi pham ty 1é
lipid médu binh thudng (sinh ly). V&i sy ton tai kéo dai, rdi loan
lipid mau dan dén sy phét trién cla chirng xo vita ddng mach va
SVD, lam ting nguy co phat trién cac k&t qua nghiém trong nhu
vay (nhdi mau co tim va dét quy do thi€u mau cuc bd). Réi loan
lipid mau bao gbm tang chylomicron, rat LDL
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(VDL), LDL, apo-B and TG-containing lipoproteins, and low levels
of HDL-C [5]. The use of VPA is associated with metabolic
rearrangements, including changes in lipoproteins. At the same
time, long-term VPA treatment reduces the level of total
cholesterol in adults. However, the effects of valproates on total
cholesterol are still being discussed. The role of VPA-MetS in LDL
as a significant biomarker needs to be clarified.

3.6.6. High Density Lipoprotein

High-density lipoprotein (HDL-C, known as ApoA-Il-containing
lipoprotein) is a key mediator in reverse cholesterol transport,
which is the process of moving cholesterol from extrahepatic
tissues back to the liver. HDL heterogeneity is the result of the
activity of several factors that collect and reconstruct HDL
particles in plasma. Low HDL-C cholesterol is closely associated
with an increased risk of CVDs and MetS; the risk increases by 2—
3% with each decrease in the level of HDL-C per mg/dL [183].

Some studies have shown that during the first month of VPA
treatment, the mean BMI in patients increased significantly and
the mean HDL-C levels decreased significantly [184]. Overall,
HDL-C can be considered as a clinically relevant metabolic
biomarker for VPA-MetS.

3.7. Enzymes
3.7.1. Superoxide Dismutase

Cu/Zn superoxide dismutase (SOD1) is an advanced antioxidant
enzyme of the metalloproteinase group; this enzyme converts a
superoxide radical into molecular oxygen and hydrogen
peroxide through redox reactions. It forms the front line of
defense against damage caused by ROS. In addition, SOD1
affects the activation of nuclear gene transcription or as an RNA-
binding protein [5]. The SOD1 is an important component of
antioxidant defense mechanisms [185].

The SOD1 is negatively correlated with MetS components.
Impaired microRNAs can directly or indirectly affect the
expression and/or activity of SOD1 associated with
inflammation, insulin sensitivity, and lipid metabolism, thus
contributing to the progression of MetS. There are various data
on this, most of which show that reduced SOD1 levels are
determined in people with MetS [186]. Other studies show that
VPA inhibits SOD1 activity and thus serves as a mechanism by
which VPA exposure increases ROS availability and alters
intracellular redox states and may promote the development of
VPA-MetS [187].

3.7.2. Gamma-Glutamyl Transferase

Gamma-glutamyl transferase (GGT) is a cell surface protein that
promotes extracellular catabolism of glutathione. This protein is
located on the outer surface of the cell membrane of many
tissues, mainly in the liver, kidneys, and pancreas [188]. In
serum, GGT is transported primarily by lipoproteins or albumin.
The serum level of GGT depends on several factors: alcohol
consumption, body fat content, lipoprotein and glucose levels in
blood plasma, and the use of various drugs [1]. Elevated serum
GGT is a biomarker for the development of cardiovascular

(VDL), LDL, apo-B va lipoprotein chira TG, va mirc HDL-C thap [5].
Viéc st dung VPA ¢ lién quan dén sy sap xé&p lai qua trinh trao
déi chat, bao gdm ca nhitng thay déi vé lipoprotein. Bdng thdi,
diéu tri VPA |au dai ldam gidm murc cholesterol toan phan & ngudi
I&n. Tuy nhién, tac dung cla valproate d6i véi cholesterol toan
phan van dang duoc thao ludn. Vai tro clia VPA-MetS trong LDL
V@i tu cach |d mét dau &n sinh hoc quan trong can duoc lam rd.

3.6.6. Lipoprotein mat dd cao

Lipoprotein mat dé cao (HDL-C, dugc goi la lipoprotein chira
ApoA-l) 13 chat trung gian chinh trong qud trinh van chuyén
cholesterol nguoc, 1d qud trinh van chuyén cholesterol tir cac
md ngoai gan trd lai gan. Tinh khéng déng nhat cha HDL 13 két
qua cla hoat déng clia mét s6 yéu t6 thu thap va téi tao lai cac
hat HDL trong huyét tuong. Cholesterol HDL-C thap cé lién quan
chit ch& véi viéc tdng nguy co mac bénh CVD va MetS; nguy co
tang 2—-3% véi mdi [an gidam mrc HDL-C trén mdi mg/dL [183].

Mot s& nghién ctru d3 chi ra rang trong thang d3u tién diéu trj
VPA, chi s6 BMI trung binh & bénh nhan ting déng ké va mirc
HDL-C trung binh gidm déng k& [184]. Nhin chung, HDL-C cé thé
duoc coi 13 mot dau &n sinh hoc chuyén héa cé lién quan vé mat
|&m sang d6i véi VPA-MetsS.

3.7. enzym
3.7.1. Superoxide dismutase

Cu/Zn superoxide dismutase (SOD1) la mdt enzyme chéng oxy
héa tién tién thudc nhom metallicoproteinase; enzyme nay
chuyén d6i mot gdc superoxide thanh oxy phan tr va hydro
peroxide thong qua cdc phan (ng oxy hdéa khir. N6 tao thanh
tuyén phong thu trwéc thiét hai do ROS gdy ra. Ngoai ra, SOD1
anh hudng dén viéc kich hoat phién ma gen nhan hodc nhu mét
protein gadn RNA [5]. SOD1 13 mot thanh phan quan trong clia co
ché bao vé chdng oxy hoa [185].

SOD1 cé twong quan nghich véi cac thanh phan MetS. Céc
microRNA bj suy y&u cé thé dnh hwéng truc ti€p hodc gian tiép
dén sy bi€u hién va/hodc hoat dong cla SOD1 lién quan dén
tinh trang viém, dé nhay insulin va chuyén héa lipid, do dé gép
phan vao sy tién trién cla MetS. C6 nhiéu di liéu khac nhau vé
diéu nay, hau hét trong s8 dé cho thdy mirc SOD1 gidm duwoc xac
dinh & nhirng nguoi mac bénh MetS [186]. Cac nghién ctru khac
cho thay rang VPA (rc ché& hoat ddng SOD1 va do d6 ddéng vai trd
la co ché theo d6 viéc ti€p xuc vai VPA lam ting tinh kha dung
cla ROS va thay déi trang thdi oxy héa khir ndi bao va cé thé
thuc d3y sy phat trién clia VPA-MetS [187].

3.7.2. Gamma-Glutamyl Transferase

Gamma-glutamyl transferase (GGT) |3 protein bé méat té bao
thuc ddy qua trinh di héa ngoai bao cla glutathione. Protein nay
nam & bé mit ngoai mang t& bao cla nhiéu md, chd yéu & gan,
than va tuyén tuy [188]. Trong huyét thanh, GGT duwoc van
chuyén chd yéu bdi lipoprotein hodc albumin. Néong d6 GGT
huyét thanh phu thudc vao: uéng ruwgu, ham lwong chat béo
trong co thé, ndng dd lipoprotein va glucose trong huyét twong
va viéc sir dung cdc loai thudc khac nhau [1]. GGT huyét thanh
tang cao la mét dau an sinh hoc cho su phat trién cla bénh tim
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disease. Elevated GGT levels are closely associated with hepatic
steatosis [189], and steatosis is associated with cardiovascular
disease [190]. An association between elevated serum GGT
levels and arterial hypertension [190], and an increased risk of
type 2 diabetes mellitus [191] has also been confirmed. An
increase in serum GGT largely reflects the presence of ectopic
liver fat or secondary inflammation in general. GGT is used as a
sensitive biomarker of increased oxidative stress [186]. VPA has
been shown to increase serum GGT levels [188]. Therefore, GGT
can be considered as a clinically significant metabolic biomarker
for VPA-MetS.

3.7.3. Lipoprotein-Associated Phospholipase A

Lipoprotein-associated phospholipase A (Lp-PLA 2) is an enzyme
that belongs to the group of intracellular and secretory
phospholipase enzymes that can hydrolyze the sn-2
phospholipid ether bond of cell membranes and lipoproteins.
The Lp-PLA2 is formed by macrophages and foam cells and is
mainly associated with LDL particles in the blood [192]. This
enzyme inactivates the known pro-inflammatory mediator PAF-
AH. Second, Lp-PLA2 hydrolyzes oxidatively modified poly-
unsaturated fatty acids, producing lysophosphatidylcholine
(LysoPC) and oxidized non-esterized fatty acids (OxNEFA) [192].
Serum levels of ferritin, LDL cholesterol, and apo-B100 affect the
enzymatic activity of Lp-PLA 2 [5]. This biomarker is particularly
useful for assessing the risk of MetS, diabetes mellitus, and
SVDs. The plasma level of Lp-PLA2 belongs to highly specific
biomarkers of vascular inflammation, it has low biological
variability, and plays an important causal role in the
inflammation of atherosclerotic plaque. The inhibition of Lp-
PLA2 levels is associated with a decrease in serum levels of pro-
inflammatory cytokines.

So, this biomarker is proposed for use in clinical practice to
improve the assessment of cardiocerebrovascular risk, especially
in patients with MetS (obese patients with mixed dyslipidemia,
hyperglycemia, insulin resistance, and arterial hypertension), but
research on the interaction between valproate and Lp-PLA 2 is
not enough to suggest it asa VPA-MetS biomarker.

3.7.4. Amylase

Amylase is an enzyme secreted by the pancreas and salivary
glands. Amylase in small concentrations is also found in other
tissues of the human body [193]. The hydrolysis of glycoside
bonds in starch molecules and the conversion of complex
carbohydrates into simple sugars are the main targets of
amylase action. An elevated serum amylase level may be caused
by an increase in its production by the pancreas or extra-
pancreatic tissues or a decrease in the rate of clearance [194].
Salivary amylase may be preferentially reduced in obese
individuals. Some studies have shown a positive correlation
between total amylase and serum VPA. Patients produced a
simultaneous increase in total amylase and lipase levels,
although none of them had symptoms suggestive of acute or
chronic pancreatitis and their ultrasound was normal [195].
Other studies have shown that serum pancreatic amylase
activity decreased significantly at 6 and 12 months of VPA
treatment, while total serum amylase and lipase activity did not

mach. Néng d& GGT ting cao cd lién quan chat ché véi gan
nhiém m& [189] va nhiém m& cé lién quan dén bénh tim mach
[190]. Méi lién quan giita ndng d6 GGT huyét thanh ting cao va
tang huyé&t 4p déng mach [190], va ting nguy co dai thdo dwong
typ 2 [191] cling d3 duwoc xdc nhan. Sy gia tdng GGT huyét thanh
phan |1&n phan anh sy hién dién cha m& gan ngoai tlr cung hoic
tinh trang viém th& phat noéi chung. GGT dugc st dung nhu mot
dau an sinh hoc nhay cdm cla su gia tang stress oxy héa [186].
VPA d3 dugc chirtng minh 13 1dam t3ng néng d& GGT huyét thanh
[188]. Do d6, GGT cé thé dugc coi la mot dau an sinh hoc
chuyén héa cé y nghia Iam sang d&i véi VPA-MetS.

3.7.3. Phospholipase lién két v&i lipoprotein A

Lipoprotein-associated phospholipase A (Lp-PLA 2) la mot loai
enzyme thudc nhém enzyme phospholipase ndi bao va bai tiét
c6 thé thly phan lién két ether phospholipid sn-2 clia mang té
bao va lipoprotein. Lp-PLA2 dugc hinh thanh béi cac dai thuc
bao va té& bao bot va chd yéu lién két vdi cac hat LDL trong mau
[192]. Enzyme nay lam bat hoat chat trung gian tién viém PAF-
AH d3 biét. Thir hai, Lp-PLA2 thly phan cac axit béo khéng b3o
hoa da bién d&i oxy hda, tao ra lysophosphatidylcholine (LysoPC)
va axit béo khdng este hda bi oxy héa (OXxNEFA) [192]. Nong dé
ferritin, cholesterol LDL va apo-B100 trong huyét thanh anh
hudng dén hoat déng enzym clia Lp-PLA 2 [5]. D4u &n sinh hoc
nay dic biét hitu ich d& danh gid nguy co mac bénh MetS, dai
thdo dudng va SVD. Néng d6 Lp-PLA2 trong huyét tuong thudc
vé cac dau an sinh hoc dic hiéu cao cta viém mach mau, né cé
dd bién thién sinh hoc thap va déng vai trd quan trong trong qua
trinh viém cda mang xo vita déng mach. Sy trc ché& néng do Lp-
PLA2 c6 lién quan dén viéc gidm ndng do céc cytokine tién viém
trong huyét thanh.

Vi vay, dau &n sinh hoc nay dugc dé xuat st dung trong thuc
hanh 1am sang dé cai thién viéc danh gid nguy co mach mau n3o,
dic biét & bénh nhan MetS (bénh nhan béo phi c6 réi loan lipid
mau hdn hop, ting duong huyét, khang insulin va ting huyét ap
déng mach), nhung nghién clru vé tuong tac gitra valproate va
Lp -PLA 2 khéng dd dé ggi y né |a du &n sinh hoc VPA-MetS.

3.7.4. amilaza

Amylase 13 mot loai enzyme dugc tiét ra bdi tuyén tuy va tuyén
nudc bot. Amylase & ndng dd nhé cling duoc tim thay trong cac
md khac cla co th& ngudi [193]. Qud trinh thly phan lién két
glycoside trong phan t tinh bdt va chuyén dé&i carbohydrate
phtrc tap thanh duwong don gidn 1a muc tiéu chinh cla hoat déng
amylase. Néng d6 amylase huyé&t thanh tiang cao cé thé do tuyén
tuy hodc cdc md ngoai tuy san xuit ra né hodc gidm téc dé
thanh thai [194]. Amylase nuéc bot c6 thé duwoc wu tién gidm &
nhitng ngudi béo phi. Mét s8 nghién ctu d3 chi ra méi tuong
quan thuan gilta amylase toan phan va VPA huyét thanh. Bénh
nhan tao ra sy gia tdng ddng thoi vé téng lvgng amylase va
lipase, mac du khéng ai trong s8 ho ¢ triéu chirng goi y viém
tuy cdp tinh hodc man tinh va siéu 4m cda ho la binh thuwong
[195]. Céc nghién ctru khac d3 chi ra rang hoat tinh amylase
tuyén tuy trong huyét thanh gidm déng ké sau 6 va 12 thang
diéu tri VPA, trong khi hoat tinh amylase va lipase huyét thanh
toan phan thi khéng.

22



@ biomedicines

show any significant change at 6 or 12 months of treatment.
Non-pancreatic isozyme activity of amylase was significantly
higher after 6 and 12 months of treatment. In 13% of cases, the
total serum amylase level was slightly elevated after 6 and 12
months of treatment. There was no significant correlation of
pancreatic amylase serum levels or non-pancreatic amylase
isoenzymes with the serum VPA levels at 6 and 12 months of
treatment. Non-pancreatic amylase activity, probably derived
from the salivary glands, may be increased in children receiving
VPA monotherapy. All subjects remained without clinical
symptoms of pancreatitis during the entire study period [195].
The results of these studies demonstrate that serum and salivary
amylase can be considered as a biomarker for VPA-MetS.

3.8. Vitamins
3.8.1. 25-Hydroxyvitamin D

25-Hydroxyvitamin D is a form of vitamin D produced in the liver
by the hydroxylation of vitamin D3 (cholecalciferol) by the
vitamin D enzyme 25-hydroxylase and produced in the liver by
the hydroxylation of vitamin D3 by the vitamin D enzyme 25-
hydroxylase [196]. A decrease in 25-hydroxyvitamin D (25(OH)D)
and an increase in parathyroid hormone have been associated
with both MetS and each of its individual components. It is
assumed that the decrease in the level of 25(0OH)D in MetS is
associated with the binding of 25(0OH)D in fat [5], and the
increase in parathyroid hormone is considered a compensatory
mechanism for low levels of 25(0OH)D. Some authors argue that
serum 25(0OH)D, but not parathyroid hormone, was significantly
associated with MetS and its components [5,103]. Insufficient
vitamin D levels are associated with an increased risk of
cardiometabolic diseases, although the results are contradictory.
Among men, the plasma level is 25(OH)D and correlates with
serum insulin levels, insulin resistance, and serum TG levels.
Women have a plasma level of 25(0OH)D and it is inversely
correlated with serum insulin, insulin resistance, total cho-
lesterol, LDL-C, and HDL-C. The possibility that the effect of
vitamin D on MetS differs depending on gender requires further
study. In addition, vitamin D levels fluctuate from month to
month.

Studies have shown that VPA monotherapy has a negative effect
on vitamin D levels, and VPA-induced vitamin D deficiency does
not depend on the region of residence of patients [103,197—
199]. The level of vitamin D3 decreases with an increase in BMI
in patients taking long-term VPA. However, no significant
differences in the serum level of 25(0OH)D3 were found
depending on the gender of patients with epilepsy and people
without epilepsy, as well as depending on the mono- and
polytherapy of VPA with other anticonvulsants, as well as on the
degree of resistance of epileptic seizures to VPA. On the other
hand, most authors recognize that vitamin D levels can be
considered as an important

biomarker of VPA-MetS.

3.8.2. Vitamin E

Alpha-tocopherol, the main form of vitamin E, acts as an
antioxidant vitamin in the human body. A number of studies

cho thay bat ky thay d6i dang k& nao sau 6 hodc 12 thing diéu
tri. Hoat tinh isozyme khéng tuy cGa amylase cao hon dang ké
sau 6 va 12 thang diéu tri. Trong 13% truwdng hop, t6ng mic
amylase huyét thanh ting nhe sau 6 va 12 thang diéu tri. Khong
cé méi twong quan dang ké gitta ndng dé huyét thanh amylase
tuy hodc isoenzyme amylase khéng tuy véi ndng d6 VPA huyét
thanh sau 6 va 12 thang diéu trj. Hoat tinh amylase khéng do
tuy€n tuy, cé thé bat ngudn tir tuyén nuéc bot, cé thé ting 1én &
tré em duoc diéu tri bang VPA don tri liéu. T4t ca cac d&i tuong
van khéng cé triéu chirng |am sang cla viém tuy trong toan bo
thai gian nghién clru [195]. K&t qua cla nhitng nghién ctru nay
chng minh rang amylase trong huyét thanh va nwéc bot cé thé
duoc coi la mot dau an sinh hoc cho VPA-MetS.

3.8. Vitamin
3.8.1. 25-Hydrovitamin D

25-Hydroxyvitamin D Ia mot dang vitamin D dugc san xut & gan
bang cach hydroxyl héa vitamin D3 (cholecalciferol) b&i enzyme
vitamin D 25-hydroxylase va duoc san xudt & gan bing cach
hydroxyl héa vitamin D3 béng enzyme vitamin D 25-hydroxylase
[196]. Viéc gidm 25-hydroxyvitamin D (25(0OH)D) va ting
hormone tuyén can gidp c6 lién quan dén ca MetS va tirng thanh
phan riéng 1é cla nd. Ngudi ta cho riang viéc gidm mic do
25(0H)D trong MetS cé lién quan dé&n su gan két cla 25(0H)D
trong chat béo [5], va sy gia tdng hormone tuyén can gidp duoc
coi la mot co ché bu dap cho mirc d6 thap clia 25 (OH)D. Mot s6
tac gid cho rang huyét thanh 25(0OH)D, chit khéng phai hormone
tuyén can giap, c6 lién quan dang ké véi MetS va céc thanh phan
cla né [5,103]. Mirc vitamin D khdng du cé lién quan dén viéc
tang nguy co mac cac bénh vé tim mach, mic du két qua trai
nguoc nhau. O nam gidi, ndng dé trong huyét twong 13 25(0H)D
va tuong quan véi néng do insulin huyét thanh, tinh trang khang
insulin va néng d6 TG huyét thanh. Phu ni¥ cé ndng d6 25(0H)D
trong huyét tuong va né cé tuong quan nghich vai insulin huyét
thanh, khang insulin, cho-lesterol toan phan, LDL-C va HDL-C.
Khd ndng tac dung cla vitamin D d&i v&i MetS khac nhau tuy
thudc vao gidi tinh can dugc nghién ciru thém. Ngoai ra, mdrc do
vitamin D dao dong tur thang nay sang thang khac.

Céc nghién ctru d3 chi ra rang don tri liéu bang VPA c6 tac dong
tiéu cuwc dén ndng do vitamin D va tinh trang thi€u vitamin D do
VPA gay ra khéng phu thudc vao khu vuec cu trd cdia bénh nhan
[103,197-199]. M(rc d6 vitamin D3 gidm khi chi s8 BMI ting &
nhirng bénh nhan dung VPA |au dai. Tuy nhién, khong cé sy khac
biét ddng ké vé ndng dé 25(0H)D3 trong huyét thanh duoc tim
thay tuy thudc vao gidi tinh cda bénh nhan déng kinh va nguoi
khéng bi dong kinh, cling nhw tuy thudc vao liéu phap don tri
lidu va da liéu phap cla VPA véi cac thudc chéng co giat khdc,
cling nhu tuy thudc vao murc d6 khang thudc cla con dong kinh
ddi v&i VPA. M3t khac, hau hét cac tac gia déu cong nhan rang
murc dd vitamin D cé thé duoc coi 1a mét dau &n sinh hoc quan
trong cta VPA-MetS.

3.8.2. vitamin E

Alpha-tocopherol, dang chinh cta vitamin E, hoat déng nhu mét
loai vitamin chdng oxy hda trong co thé con ngudi. Mot s8
nghién ctru
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have reported that the serum concentration of vitamin E in
patients with cardiovascular disease is lower than in the control
group. This indicates an unbalanced redox status of blood serum
and a decrease in the antioxidant capacity of lipids in
cardiovascular diseases [5]. Chronic VPA treatment reduces the
levels of antioxidants such as vitamin E and glutathione
peroxidase, further suggesting a role for oxidative stress in the
development of ADRs [200,201]. Based on this, the serum level
of vitamin E can be considered as a clinically significant
metabolic biomarker of VPA-MetS.

3.9. Other
CDA40 Ligand

The CD40 ligand (CD40L) is a pro-inflammatory mediator that is
expressed on CD4+ T cells and is activated by platelets. CD40L is
expressed on the vascular endothelium and is elevated in
cardiovascular diseases [202]. Plasma CD40L levels are higher in
patients with cardiovascular disease and ischemic heart disease
[203]. The CD40L—-CDA40 interaction plays an important role in
the cascade of inflammatory and pro-atherothrombotic
reactions [5]. VPA reduces the level of sCD40L in plasma samples
from HIV-1 infected patients and in washed human platelets,
which are the main source of circulating sCD40L. VPA also
inhibited the human immunodeficiency virus trans-activator 1
transcription-induced release of sCD40L and platelet factor 4 in
C57BL/6 mice [204]. The role of CD40 in the development of
VPA-MetS continues to be studied.

4. Urinary Biomarkers of Valproate Induced Metabolic
Syndrome

The progression of VPA-MetS produces a continuous and
monotonous change in the urinary metabolome, characterized
by increasing or decreasing levels of the relevant metabolic
biomarkers [205].

4.1. Carbohydrates
4.1.1. Glucose

Glucose is the most studied urinary MetS and VPA-MetS
biomarker. Normally, urine contains practically no glucose. Its
level is 0-0.8 mmol/L. On the other hand, in patients with
diabetes mellitus, hyperglycemia may increase glucose filtration,
which is a consequence of an overload of the tubular transport
capacity of the kidneys [206,207]. Impaired glucose metabolism
is a mandatory risk factor for the development of CVDs and
MetS, according to the WHO definition [5]. Elevated urinary
glucose may be a biomarker of VPA-induced insulin resistance
[205,207].

4.1.2. Maltitol

Maltitol is a polyol used as an alternative to sugar recommended
for individuals at risk of type 2 diabetes [204]. However, the role
of this potential urinary metabolic biomarker VPA-MetS is
unclear.

4.2. Amino Acids

4.2.1. Aromatic Amino Acids

d3 bdo cdo rang néng do vitamin E trong huyét thanh & bénh
nhan méc bénh tim mach thap hon so véi nhém ddi chirng. Digu
nay cho thay tinh trang mat can bang oxy héa khir clia huyét
thanh va gidm kha n3ng chéng oxy hda cla lipid trong cac bénh
ly tim mach [5]. Diéu tri VPA man tinh lam gidm murc do céc chat
chéng oxy héa nhu vitamin E va glutathione peroxidase, cho
thay thém vai tro cla stress oxy hoéa trong s phat trién ctia ADR
[200,201]. Dya trén diéu nay, ndng dé vitamin E trong huyét
thanh cé thé duoc coi 1d mét ddu &n sinh hoc chuyén héa cé y
nghia 1dm sang cla VPA-MetS.

3.9. Ph&i tir CD40 khac

Ph6i tlr CD40 (CD4OL) lIa mot chat trung gian gay viém duogc biéu
hién trén té bao T CD4+ va duwoc kich hoat bdi tiéu cau. CD40L
duoc thé hién trén ndi mac mach mau va tang cao trong cac
bénh tim mach [202]. Néng d6 CD40OL trong huyét tuong cao
hon & nhitng bénh nhan mac bénh tim mach va thiéu mau co
tim [203]. Twong tac CD40L-CD40 déng mot vai tro quan trong
trong chudi cac phan ng viém va tién huyét khdi [5]. VPA lam
gidm mtrc do sCD4OL trong cac mau huyét twong ctia bénh nhan
nhiém HIV-1 va trong tiéu cau nguoi d3 dwoc rira sach, day la
ngudn lvu hanh chinh clda sCD40L. VPA ciing (rc ché& chéat kich
hoat chuyén hda virus gay suy gidm mién dich & ngudi 1 giai
phéng sCD40L do phién m3 va yéu t6 tiéu cdu 4 & chudt C57BL/6
do phién m3 gay ra [204]. Vai trd cGa CD40 trong sy phat trién
cla VPA-MetS tiép tuc dwoc nghién cliru.

4. Dau an sinh hoc nwéc tiéu clia hodi chirng chuyén héa do
Valproate

Su tién trién cda VPA-MetS tao ra sy thay déi lién tuc va don
diéu trong hé théng chuyén hda nudc tiéu, dugc dic trung bai
murc dd tang hodc gidm cla cac dau &n sinh hoc chuyén héa co
lién quan [205].

4.1. Cacbohydrat
4.1.1. dwong

Glucose 13 diu &n sinh hoc MetS va VPA-MetS trong nudc tiéu
duwoc nghién clru nhidu nhat. Théong thudng, nudc tiéu thuc t&
khong chira glucose. Mtrc cda né la 0-0,8 mmol/L. Mat khac, &
bénh nhan dai thao dudng, ting dwdng huyét cé thé 1am ting
qua trinh loc glucose, day la hau qua cua tinh trang quad tai kha
ndng van chuyén cla 8ng than [206,207]. Theo dinh nghia cla
WHO [5], r&i loan chuyén héa glucose 1a mot y&u t6 nguy co bat
budc cho su phat trién cla CVD va MetS. Tang dudng huyét
trong nudc tiéu co thé 13 dau hiéu sinh hoc cla tinh trang khang
insulin do VPA gay ra [205,207].

4.1.2. Mach nha

Maltitol 12 mét loai polyol duwoc st dung thay thé cho dudng
duoc khuyén nghi cho nhitng ngudi cé nguy co mac bénh tiéu
duong loai 2 [204]. Tuy nhién, vai trd cia diau an sinh hoc
chuyén héa nudc tiéu tiém nang VPA-MetS nay |1a khéng rd rang.

4.2, Axit amin

4.2.1. Axit amin thom
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Aromatic amino acids (AAAs) include phenylalanine, tryptophan,
and tyrosine. So, AAAs were associated with the risk of type 2
diabetes in a study involving patients with MetS [5]. In a recent
study, AAAs have been proposed as MetS metabolic biomarkers
in urinalysis [205], but they have not been investigated in VPA-
MetS. However, the role of AAAs in this disorder is interesting
and needs to be studied in the future.

4.2.2. Histidine

Histidine is an essential amino acid. It is a precursor to certain
hormones (e.g., TSH) and metabolites that play an important
role in regulating kidney function, neurotransmission, gastric
secretion, and immunity. Histidine has unique acid-base
properties and is a universal catalytic residue in many enzymes,
as well as for those proteins and enzymes that coordinate metal
ions. One example of the participation of histidine as a catalytic
residue are serine esterases such as trypsin, chymotrypsin,
acetylcholinesterase, and various enzymes in the blood
coagulation cascade. It is present in various forms, including free
L-histidine, Na-acetylhistidine, in the human body. Histidine has
important anti-inflammatory, antioxidant, and antisecretory
effects in the human body. Histidine is excreted in the urine. Its
low urine level has been suggested as a potential biomarker of
MetS. A decrease in histidine excretion is associated with a
change in the level of both endogenous imidazoline ligands and
a2-adrenergic receptors, and the development of arterial
hypertension [5,205]. The role of histidine as a potential urinary
biomarker for VPA-MetS needs further investigation in the
future.

4.3. Organic Acids
4-Hydroxyphenylpyruvic Acid

As is known, 4-hydroxyphenylpyruvic acid (4-HPPA) is an
intermediate in tyrosine metabolism. An increase in 4-HPPA in
the blood and urine can be considered as an indicator of
tyrosinemia [206]. 4-HPPA is also considered as a MetS
biomarker [205,207-209], but the role of this biomarker is in the
early stages of VPA-MetS research.

5. Discussion

As you know, VPA is an anticonvulsant and mood-stabilizing
drug for long-term treatment, which is widely used in real
clinical practice. However, VPA has a number of metabolic and
endocrine side effects such as weight gain, hyperinsulinemia,
changes in sex hormones, dyslipidemia, hyperleptinemia, etc. In
this regard, the existing, but insufficiently studied, problem of
VPA-MetS is increasingly recognized as a real one. The
importance of this problem in modern neurology and psychiatry
is due to the risk of developing serious cardiovascular and
endocrine diseases, the development of which can lead to VPA-
MetS. Unfortunately, the early diagnosis of VPA-MetS in real
clinical practice is difficult because algorithms for diagnosing this
ADR have not been developed and there are no widely
recognized panels of biomarkers in biological fluids, primarily in
the blood and urine. The metabolome in patients with VPA-
MetS determines their individual sensitivity to the effects of VPA
and its active metabolites [14], which can be assessed using

Céc axit amin thom (AAA) bao gdm phenylalanine, tryptophan
va tyrosine. Vi vay, AAAs c6 lién quan dén nguy co mac bénh
tiéu dudng loai 2 trong mot nghién ctru lién quan dén bénh
nhan mac bénh MetS [5]. Trong mdt nghién clru gan day, AAA
da duwoc dé xuat 1a dau an sinh hoc chuyén héa MetS trong phan
tich nwéc tiéu [205], nhung ching chua dwgc nghién clru trong
VPA-MetS. Tuy nhién, vai trd clia AAAs trong réi loan nay rat tha
vi va can dugc nghién ciru trong tuong lai.

4.2.2. histidin

Histidine 1a mdt axit amin thiét y&u. N6 13 tién chat cla mot s8
hormone (vi du TSH) va céc chat chuyén héa ddéng vai trd quan
trong trong viéc diéu chinh chitc ndng than, dan truyén than
kinh, bai tiét da day va mién dich. Histidine cé cac dic tinh axit-
bazo doc ddo va 1a gbc xtc tac phd bién trong nhiéu enzym,
cling nhu d6i vai cac protein va enzym phdi hop céc ion kim loai.
Mét vi du vé sy tham gia cua histidine nhv mét dvw lwong xuc tac
la serine esterase nhw trypsin, chymotrypsin,
acetylcholinesterase va cac enzym khac nhau trong dong thac
déng mau. N6 hién dién & nhiéu dang khac nhau, bao géom L-
histidine ty do, Na-acetylhistidine, trong co thé& con ngudi.
Histidine c6 tac dung chéng viém, chéng oxy hda va chdng tiét
dich quan trong trong co thé con ngudi. Histidine duwoc bai tiét
qua nuwdc tiéu. Mlrc nudc tiéu thap cla nd da dwoc dé xuit nhu
mot diu an sinh hoc tiém ndng cla MetS. Sy gidm bai tiét
histidine c6 lién quan dén sy thay déi mirc dd cla ca phdi tlr
imidazoline ndi sinh va thu thé a2-adrenergic, va sy phat trién
cla tang huyét ap déng mach [5,205]. Vai tro cla histidine nhuw
mot dau an sinh hoc tiét niéu tiém nang déi véi VPA-MetS can
duoc nghién clru thém trong tuong lai.

4.3. Axit hitu co Axit 4-Hydroxyphenylpyruvic

Nhu d3 biét, axit 4-hydroxyphenylpyruvic (4-HPPA) 13 chat trung
gian trong chuyén héa tyrosine. Su gia tdng 4-HPPA trong mau
va nudc tiéu cod thé duwoc coi 13 mot dau hiéu clda bénh
tyrosinemia [206]. 4-HPPA ciing dwoc coi la diu &n sinh hoc cla
MetS [205,207-209], nhung vai trd cda ddu &n sinh hoc nay la
trong giai doan dau cta nghién ciru VPA-MetsS.

5. Thao ludn

Nhu ban d3 biét, VPA |a mét loai thu6c chéng co giat va én dinh
tam trang dé diéu tri lau dai, dwoc sir dung réng rai trong thuc
té& 1am sang. Tuy nhién, VPA c6 mét sé tac dung phu vé chuyén
héa va noi tit nhu ting can, ting insulin mau, thay déi
hormone gidi tinh, r6i loan lipid mau, ting leptin mau, v.v. cd
don. TAm quan trong cla van dé nay trong than kinh hoc va tdm
than hoc hién dai 1a do nguy co phat trién cac bénh ndi tiét va
tim mach nghiém trong, sy phat trién cla ching cé thé din dén
VPA-MetS. That khéng may, viéc chdn doan sém VPA-MetS
trong thyc hanh 1dm sang thyc sy la kho khan vi cac thudt toan
chan doan ADR nay chua dugc phat trién va khéng cé bang dau
4n sinh hoc nao dwoc céng nhan rdng rai trong dich sinh hoc,
chl yéu |a trong méu va nudc tiéu. B6 chuyén hda & bénh nhan
mac VPA-MetS xac dinh d6 nhay cdm cla tirng ca nhan ho déi
V@i tac dung clia VPA va cac chat chuyén héa cé hoat tinh clia né
[14], c6 thé danh gid bang cach st dung mau (huyét thanh va
huyét tuwong) va dau an sinh hoc nuéc tiéu.
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blood (serum and plasma) and urinary biomarkers .

It is known that the metabolome is a set of chemicals with small
molecules in the body, but is also the functional state of the
body and provides a multifaceted reading of the total activity of
endogenous (cellular) and exogenous (environmental) processes
[210].

Changes in the metabolome in patients receiving long-term VPA
include a set of changes in the level of metabolic biomarkers in
biological fluids and various organs and tissues of the body,
including peptides, lipids, amino acids, nucleic acids,
carbohydrates, biogenic amines, vitamins, and minerals. Such
changes in the metabolome can not only significantly affect the
disease phenotype, but also the expected therapeutic response
to VPA and significantly affect post-translational processes,
including secondary transcriptome and proteome changes in
patients with neurological diseases and psychiatric disorders.

Some components of the metabolome in general, and with VPA
in particular, fluctuate rapidly and markedly depending on
exposure to biological and environmental factors. Factors known
to affect the metabolome include the transcriptome, which
includes the set of all transcripts synthesized by a single cell or
group of cells, including non-coding ribonucleic acid (RNA); a
proteome, which is a set of body proteins produced by a cell,
tissue, or organism; and genome, namely a set of hereditary
factors [5] (Figure 3), as well as age, sex, drugs, diet, time of day,
menstrual cycle, and stress. Depending on metabolome
changes, a patient taking VPA may or may not develop VPA-
MetS. This review can help the practicing neurologist,
psychiatrist, internist, and/or endocrinologist to predict and
diagnose VPA-MetS based on the study of blood and urinary
metabolic biomarkers, which is of undoubted clinical interest.
Although, it should be recognized that VPA-MetS active
screening needs further development and a wider application in
real clinical practice.

Three types of VPA-MetS development can be distinguished
based on the absence or presence of blood (serum and/or
plasma) and urinary biomarkers in patients who receive long-
term valproate (3 months or more): certain, probable, and
possible (Figures 4 and 5). In addition, a genetic predisposition
to both the development of VPA-MetS and the development of
some of its components, including weight gain, arterial
hypertension, hypercholesterolemia, and hyperglycemia, plays
an important role in changing the metabolome in patients taking
valproates for a long time. Through the study of the genetic
biomarkers of VPA-MetS at the initial stage of its development,
although based on the results of previous studies and
information in open databases, it is possible to depict the
contribution of the most studied candidate genes that are
probably associated with a high risk of developing VPA-MetS
(Figure 6). Undoubtedly, the study of these genetic biomarkers,
along with the metabolic biomarkers of VPA-MetS presented in
this review, will become a new direction of “pharmacogenetic
informed pharmacometabolomics” [14] in the future.

The pharmacogenetic testing (PGx) of the non-functional and
low-functional alleles of single-nucleotide variants of genes

Puoc biét, bd chuyén hda 1a mot tAp hop céc hda chat cé phan
tlr nhé trong co thé, nhuwng cling 13 trang thai chirc ning cla co
thé va cung cip cach doc nhidu mat vé toan bd hoat dong cla
cac qua trinh ndi sinh (t& bao) va ngoai sinh (méi trudng) [210] .

Nhirng thay d8i trong bd chuyén héa & nhitng bénh nhan dung
VPA dai han bao gdm mét tap hop céac thay d&i vé mirc do cla
cac dau an sinh hoc chuyén héa trong chat 16ng sinh hoc va cac
co quan va m6 khac nhau cla co thé, bao gdbm peptide, lipid,
axit amin, axit nucleic, carbohydrate, amin sinh hoc, vitamin va
cac khodng chat. Nhitng thay d&i nhw vay trong bd chuyén hda
khdng chi &nh huwéng dang ké dén kiéu hinh bénh ma con ca dap
(rng diéu tri du kién d8i v&i VPA va anh huwéng dang ké dén cac
quad trinh hau dich m3, bao gdbm thay d6i phién ma th cap va hé
protein & b&nh nhan mac bénh than kinh va réi loan tam than.

M6t s& thanh phan cha bd chuyén héa néi chung va véi VPA néi
riéng dao ddng nhanh chdéng va rd rét tly thudc vao viéc tiép xic
V@i cac yéu t6 sinh hoc va méi trudng. Cac yéu t6 dugc biét 13
anh hudng d&n bd chuyén héa bao gdm bod phién m3, bao gébm
tap hop tat ca cac ban phién ma dugc téng hop bdi mot t&€ bao
hodc mét nhdm té€ bao, bao gbm axit ribonucleic khdng ma hoa
(RNA); mot hé protein, 1d mét tap hop cac protein co thé duoc
tao ra b&i mot t& bao, mé hoic sinh vat; va bo gen, cu thé 1a mot
tap hop céc yéu té di truyén [5] (Hinh 3), cling nhw tudi tac, gidi
tinh, thudc, ché dd &n udng, thai gian trong ngay, chu ky kinh
nguyét va cing thang. Tly thudc vao nhitng thay ddi cia hé
chuyén héa, moét bénh nhan dung VPA cé thé hodc khong thé
phét trién VPA-MetS. Dénh gid nay cé thé gilp bac si than kinh,
béc s tdm than, bac st ndi khoa va/hodc bac st ndi tiét thuc hanh
dy dodn va chan doan VPA-MetS dua trén nghién ciru vé cac
dau an sinh hoc chuy&n hda trong mau va nudc tiéu, day l1a diéu
chédc chan duoc quan tdm trén 1am sang. Mac du vay, can phai
thira nhan rang sang loc tich cyc VPA-MetS can dugc phét trién
hon nita va &ng dung réng rai hon trong thyc hanh lam sang
thuc té.

Ba loai phat trién VPA-MetS cé thé duoc phan biét dya trén su
vang mat hodc cé mat cia mau (huyét thanh va/hodc huyét
twong) va diu an sinh hoc nudc tiéu & nhitng bénh nhan dung
valproate dai han (3 thang tré 1én): chdc chan, cé thé xay ra va
c6 thé ( Hinh 4 va 5). Ngoai ra, khuynh hwéng di truyén déi véi
ca su phat trién cha VPA-MetS va sy phét trién clia mot sé thanh
phan cla nd, bao gdbm tdng can, tang huyét ap dong mach, ting
cholesterol mau va ting dudng huyét, ddng mét vai trd quan
trong trong viéc thay d8i hé théng chuyén héa & nhitng bénh
nhan dung valproate trong thoi gian dai. thoi gian. Thong qua
nghién ciru vé dau an sinh hoc di truyén clia VPA-MetS & giai
doan phat trién ban dau, mac du dwa trén k&t qua cla cac
nghién cliru trwdc day va thong tin trong co s& dit liéu mé, co
thé md ta sy déng gép cla cac gen &ng clr vién dwoc nghién ctru
nhiéu nhat cé thé lién quan dén cé nguy co phat trién VPA-MetS
cao (Hinh 6). Khéng con nghi ngd gi nita, nghién clru vé cac dau
an sinh hoc di truy@n nay, cung véi cac dau an sinh hoc chuyén
héa cla VPA-MetS dugc trinh bay trong t8ng quan nay, sé& trd
thanh mot huwdng méi cla “duoc ly chuyén héa théng tin dwoc
dong hoc” [14] trong twong lai.

Thir nghiém duwoc déng hoc (PGx) cla céac alen khéng cé chirc
nang va chirc ndng thap cla cac bién thé gen don nucleotide
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encoding key enzymes of P-oxidation, acetylation (mitochondrial
oxidation or beta-oxidation), and glucuronidation of VPA may
provide another clue to the genetic predisposition to the
development of VPA-MetS due to the accumulation of VPA and
its active metabolites in the blood, despite the intake of low and
medium doses of this anticonvulsant [14,16].

In general, future trials are needed to: (i) establish the effect of
the long-term use of VPA on the prevention and risk of
developing MetS, depending on the age and gender of patients;
(ii) compare the long-term effects of VPA on changes in the
blood (serum and plasma) biomarkers of MetS, as well as the
potential synergistic or antagonizing effect presented in this
narrative review of VPA-MetS biomarkers and VPA metabolites
(therapeutic and toxic) in the human body on the metabolic
effects caused by VPA; (iii) continue to study the mechanisms by
which various laboratory diagnostic methods can increase the
sensitivity and specificity of VPA-MetS biomarkers and help the
practitioner (neurologist, psychiatrist) to prevent the deve-
lopment of VPA-MetS in patients; (iv) to study the potential of
environmental factors and lifestyle (nutrition, physical activity,
smoking, etc.) of patients taking VPA, which may further
increase or decrease the risk of developing VPA-MetS; and (v) to
give an idea of genetic and non-genetic factors and tips that will
help to optimize a personalized approach to the long-term use
VPA and the monitoring of VPA-MetS in patients with neuro-
logical diseases and mental disorders, depending on their indi-
vidual risk.

6. Limitation

In general, we have not found large multicenter studies of VPA-
MetS or a sufficient number of single-center studies with a
similar design. Other limitations of this narrative review are the
lack of information about the frequency of occurrence of VPA-
MetS. This is due to the difference in the design of the studies
we analyzed, including: (a) the age of the patients (children
and/or adults), which significantly affects not only the metabolic
rate and elimination of VPA, but also the risk of drug-induced
metabolic disorders; (b) the gender of patients, which can affect
the rate of fatty acid metabolism, including VPA (although a
number of studies have shown that female sex increases the risk
of developing VPA-MetS); (c) the type of psychopharmaco-
therapy (monotherapy with valproates, co-administration with
other anticonvulsants, co-administration with antipsychotics, or
co-administration with normotimics), which can affect the
metabolism of VPA due to drug interaction and thereby increase
or decrease the level of its active metabolites in the blood; (d)
the duration of taking VPA (from 1 year to several years), which
undoubtedly can affect the frequency of development of VPA-
MetS; (e) the dose of VPA varied depending on the age of
patients and neurological disease (more often, epilepsy) or
mental disorder (more often, bipolar disorder and schizo-
phrenia), although a high dose of valproates probably has the
greatest adverse effect on metabolic processes in the human
body and the risk of developing VPA-MetS; (f) therapeutic drug
monitoring was not carried out in most of the publications we
analyzed, although peak and residual (minimal) levels of VPA in
the blood (serum and plasma) may affect changes in the level of
the VPA-MetS biomarkers presented in this review; and (g) the

ma hda cac enzyme quan trong cla qua trinh oxy héa P, acetyl
héa (oxy hoa ty thé hodc oxy héa beta) va glucuronid héa VPA cé
thé cung cdp mdt manh méi khac vé khuynh huéng di truyén d6i
V@i sy phat trién cia VPA-MetS do sy tich tu VPA va cac chat
chuyén héa c6 hoat tinh clia né trong mau , mic du d3 udng lidu
thap va trung binh thudc chdng co giat nay [14,16].

NGi chung, cac thlr nghiém trong twong lai 1a can thiét dé: (i)
thiét 13p tac dung cla viéc st dung VPA lau dai d&i vdi viéc ngan
nglra va nguy co phat trién MetS, tuy thudc vao do tudi va gidi
cla bénh nhan; (ii) so sdnh tdc dung lau dai cla VPA d&i véi
nhitng thay d6i vé dau an sinh hoc trong huyét thanh va huyét
tuong cla MetS, cling nhu tac dung hiép déng hoac déi khang
tiém an duwoc trinh bay trong bai nay vé dau an sinh hoc VPA-
MetS va cac chat chuyén héa VPA (diéu tri va ddc) trong co thé
ngudi vé tac déng chuyén héa do VPA gay ra; (iii) ti€p tuc nghién
cltu cac co ché ma cac phuong phap chan doan trong phong thi
nghiém khac nhau cé thé lam tdng d6 nhay va dé dac hiéu cla
cac dau an sinh hoc VPA-MetS va gitip ngudi hanh nghé (bac st
than kinh, bac sT tdm than) ngan ch3n sy phat trién cla VPA-
MetS & bénh nhan; (iv) nghién ctru tiém ning cta cac yéu té moi
trwong va 168i séng (dinh duéng, hoat ddng thé chat, hat thudc,
v.v.) clia bénh nhan dung VPA, c6 thé l1am tang hodc gidm thém
nguy co phat trién VPA-MetS; va (v) dua ra y twdng vé cac yéu td
di truyén va khong di truyén ciing nhu cdc meo gilp tdi wu hda
cach ti€p can dugc cd nhan hoa d6i véi VPA sir dung lau dai va
theo ddi VPA-MetS & bénh nhan mac cac bénh than kinh va réi
loan tdm than, tiy thudc vao rdi ro cd nhan cua ho.

6. Han ché

NGi chung, khdng tim thay céc nghién ciru da trung tdm Ion vé
VPA-MetS hodc da s8 lwgng cdc nghién cliru don trung tdm cé
thiét k&€ tuwong tw. Nhitng han ché khac cla danh gia la thiéu
théng tin vé tan suit xuat hién cla VPA-MetS. Diéu nay 1a do su
khac biét trong thiét ké cla cac nghién clru ma ching téi da
phan tich, bao gébm: (a) tudi clia bénh nhan (tré em va/hoic
ngudi lon), khdng chi anh hudng déng ké dén téc d6 chuyén hoéa
va loai bd VPA ma con cd nguy co rdi loan chuyén héa do thudc;
(b) gidi chia bénh nhan, c6 thé dnh huwéng dén tdc dé chuyén hda
axit béo, bao gdbm cd VPA (mac du mét s8 nghién ctru da chi ra
rang gidi tinh ni¥ 1Am ting nguy co phat trién VPA-MetS); (c) loai
litu phap tdm than duoc (don tri liéu v&i valproate, dung déng
thdi véi céc thudc chdng co giat khac, dung déng thoi véi thube
chdng loan than, hodc dung déng th&i véi thuéc Normotimics),
c6 thé dnh hudng dé&n qua trinh chuyén hoéa cla VPA do tuwong
tac thudc va do d6 lam tang hodc giam mdrc d6 cac chat chuyén
héa hoat déng cla nd trong méu; (d) thoi gian dung VPA (tir 1
ndm dén vai ndm), chdc chdn cé thé anh huwdng dén tan suat
phét trién VPA-MetS; (e) liéu lwvong VPA thay d6i tuy thudc vao
dd tudi ctia bé&nh nhan va bénh than kinh (thudng xuyén hon 13
déng kinh) hodc rdi loan tdm than (thwong xuyén hon 1a rdi loan
ludng cuc va tdm than phan liét), m3c du lidu cao valproate cé
thé c6 tac dung phu I&n nhat vé qua trinh trao d&i chat trong co
thé con ngudi va nguy co phat trién VPA-MetS; (f) theo ddi
thuéc diéu tri khong dwoc thye hién trong hdu hét cac 4n pham
ma chuing t6i da phan tich, mic du ndng dd VPA cao nhat va con
lai (t6i thiéu) trong mdu (huyét thanh va huyét twong) cé thé
anh hudng dén nhirng thay déi vé mirc dé cla cac dau an sinh
hoc VPA-MetS duoc trinh bay trong dénh gid nay; va (g) cac
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genetic predisposition that can affect both the frequency of
development of the components and the frequency of VPA-
MetS in general. Undoubtedly, all of the above limitations of this
review indicate the need for further study of the problem of
VPA-MetS in the future and explain the need for large
multicenter studies of this ADR with a single and well-planned
design. We recognize that there are currently more questions
about VPA-MetS than there are answers.

7. Conclusions

The development of new technologies for the laboratory
diagnostics of recent decades and their introduction into clinical
practice allow not only a fresh look at the pathophysiological
mechanisms of metabolic disorders in patients with neurological
diseases and mental disorders taking valproates for a long time,
but also to help significantly expand the monitoring capabilities
of specific, probable, and possible VPA-MetS. One of the
important aspects mentioned in recent studies, but not
discussed in this narrative review, is a genetic predisposition
that affects VPA and the symptoms of VPA-MetS (obesity,
arterial hypertension, hyperglycemia, insulin resistance, and
hypercholesterolemia). Obviously, not all patients with neuro-
logical diseases and mental disorders taking valproates will have
VPA-MetS. However, the study of the patient’s metabotype,
based on the analysis of blood (serum and plasma) and urinary
biomarkers of VPA-MetS, will optimize therapeutic strategies for
the management of patients with neurological diseases and
mental disorders in the future.

khuynh huéng di truyén cé thé anh hudng dén ca tan suat phat
trién cla cac thanh phan va tan suat cia VPA-MetS ndéi chung.
Khéng con nghi ngd gi nita, tat cd nhitng han ché trén cla téng
quan nay cho thay sy can thiét phai nghién cru thém vé van dé
VPA-MetS trong tuong lai va gidi thich sy can thiét cla cac
nghién cru da trung tdm I&n vé ADR nay véi mot thiét k& duy
nhat va duoc [én ké hoach t6t. Ching t6i nhan thay rang hién cé
nhiéu cau hdi vé VPA-MetS hon 1a ciu tra 16i.

7. Két luan

Su phat trién cla cac cdng nghé méi dé chan doan trong phong
thi nghiém trong nhirng thap ky gan day va viéc dua ching vao
thye hanh 1dm sang khéng chi cho phép cé cai nhin méi vé co
ché sinh ly bénh cta rdi loan chuyén héa & bénh nhan méc bénh
than kinh va réi loan tdm than dung valproate trong thdi gian dai
ma con gilp ich m& rong dang k& khad ning gidm sat cla VPA-
MetS cu thé, cé thé xay ra va cé thé xdy ra. Mot trong nhitng
khia canh quan trong dugc dé cap trong cac nghién ctru gan day,
nhung khéng dugc thao ludn trong bai danh gia twong thuat
nay, la khuynh huéng di truyén dnh huwdng dén VPA va céc triéu
chirng cda VPA-MetS (béo phi, tdng huyét ap dong mach, tang
dudng huyét, khang insulin va ting cholesterol mdu). R rang,
khong phai tat ca bénh nhan mac cac bénh than kinh va réi loan
tdm than dung valproate déu s& mac VPA-MetS. Tuy nhién,
nghién cru vé kiéu mau ctia bénh nhan, dya trén phan tich mau
(huyét thanh va huyét tuong) va dau an sinh hoc nwéc tiéu cla
VPA-MetS, s& t8i wu hda céc chién lwoc diéu tri dé quan ly bénh
nhan mac bénh than kinh va réi loan tdm than trong tuong lai.

Tiéu chi hdi chiing chuyén hoa do VPA gay ra

VPA-MetS cu thé

Ba tiéu chi 1dm sang MetS trd

|&n theo tiéu chi phan loai
(ATPIIl, ATPIII-A hoéc IDF) sau 3
thang VPA trd lén.

SU dung lau dai liéu phap VPA
(dan tri liéu hodc da tri liéu) frong 3 thang
trd 1én.

Su hién dién clia ba hodc nhigu méu (huyét
tuong va huyét thanh) va ba hoac
nhigu d§u &n sinh hoc nudic tidu clia MetS
do VPA géy ra.

VPA-MetS o6 th xay ra

Su hién dién cia mot

dén batiéu chi lam séng MetS
theo phan loai (ATPIII,

ATPIII-A hodc IDF) sau 3 théng
VPA trd1&n

St dung lau dai liéu phap VPA
(don tri liéu hodc da tri liéu) frong
3 thang trd [en

Su hign dién clia mat dén ba mau (huyét
ttong va huyét thanh) hoac mt dén ba
d&u &n sinh hoc nudc tiéu cla MetS do VPA
géy ra.

VPA-MetS ca thé

Khéng co tigu chi 14m sang d& phén
loai MetS (ATPIII, ATPIIFA hodc
IDF) sau 3 thang VPA trd |én

St dung lau dai liéu phap VPA
(don tri liéu hodc da tri liéu) trong
3 thang trd 1&n

Su hién dién cia mét loai mau (huyét tudng va
huyét thanh) hodc mét ddu &n sinh
hot rude tiu clia MetS do VPA gay ra hode su
viing mét clia ching.
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