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Hyperuricemia (HU) results from over-
production or decreased excretion of uric acid
[1]. The prevalence of HU in the general popu-
lation has been estimated between 19 % and
25 %, with higher in males than females in
the majority of reports [2]. HU has been linked
to increased risk of cardiovascular events and
mortality [3], and chronic kidney disease de-
velopment and progression [4]. Some previous
reports showed that HU is not an independent
risk, but just a surrogate marker for them [5].
Collectively, there is still controversy as to
whether HU is an independent risk factor for
cardiometabolic diseases.

Xanthine oxidase (XO) catalyzes the two
terminal reactions of purine catabolism in hu-
mans. In particular, XO catalyzes the oxida-

tion from hypoxanthine to xanthine and from
xanthine to uric acid, with the simultaneous
reduction of nicotinamide adenine dinucleotide
(NAD) or O,. Therefore, XO is the housekeep-
ing and the rate-limiting enzyme in purine ca-
tabolism. The serum levels of uric acid (SUA)
are kept at a healthy level [6], mainly thanks to
the homeostatic regulation involving the renal
transport systems.

It was reported that the plasma XO activity
in the vasculature is elevated considerably in
patients with coronary artery diseases [7]. It
showed that the value of plasma XO activity
is associated with cardiovascular events and
its future risk in patients with chronic heart
failure [8]. It has also been suggested that local
XO activities in a variety of organs and tissues
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are likely to elevate under a line of stimuli in-
cluding hypoxia, inflammatory cytokines, and
glucocorticoids [9]. Therefore, there is a pos-
sibility that local XO activities in a variety of
organs or tissues would be elevated in patients
with type 2 DM. However, little is known about

plasma XO activities in the pathophysiology of
insulin resistance (IR) and obesity in humans.

We aimed to investigate the clinical impli-
cation of plasma XO activity in patients with
type 2 diabetes mellitus (DM).

MATERIALS AND METHODS

127 patients were examined for type 2 DM
(72 female and 55 male). The study was con-
ducted by the Helsinki Declaration (196)
and revised in 2000), approved by the Ethics
Committee of the SI «V. Danilevsky Institute
for Endocrine Pathology Problems of the
NAMS of Ukraine». Each patient gave infor-
med consent.

The clinical characteristics of patients with
type 2 DM (n = 127) in analyses of plasma XO
activity about metabolic parameters are sum-
marized in Table 1. The numbers of patients
who had used antidiabetic drugs were 21 sul-
fonylureas, 18 — dipeptidyl peptidase-4 inhibi-
tors, 44 — metformin, and 38 — sodium-glu-
cose cotransporter 2 inhibitors.

Table 1

Clinical characteristics of the patients
with type 2 diabetes mellitus

n, male/female

55/72

Age, years

58.7 + 9.7 (30—81)

Duration of disease, years

9.3+ 7.7 (0,1-53)

WC male, cm

106.5 + 14.0 (74.0-139.0)

WC female, cm

104.9 + 15.9 (56.0-132.0)

BMI, kg/m? 33.2 £ 5.5 (23.7-54.1)
FPG, mmol/L 8.4+2.6(3.9-17.4)
PPG, mmol/L 9.3 £ 2.8 (3.7-20.8)

HbA, , % 7.55 + 1.86 (4.5—14.3)

IRI, nIU/ml 20.6 + 12.9 (2.8-55.8)

C-peptide, ng/ml 3.47 + 1.86 (0.2—9.0)

HOMA_IR 7.49 £+ 4.93 (0.58-21.35)

AST, TU/L 0.56 (0.1-4.73)

ALT, TU/L 0.67 (0.1-5.12)

ALT/AST 1.35 + 0.84 (0.21-5.64)

Cre, pmol/L 89.6 + 20.3 (14.7-158.0)

eGFR, ml/min/1,73 m? 65.6 + 36.6 (40—138)
TC, mmol/L 5.44 + 1.44 (2.69-9.83)

HDL-C, mmol/L 1.1+0.3 (0.56-2.15)
TG, mmol/L 2.44 + 1.15 (0.48-9.41)

LDL-C, mmol/L

3.25 +1.23 (0.43-7.88)

SUA, male + female, pnmol/L

390.6 + 112.6 (141-724)

SUA, female, pmol/L

378.2 + 117.0 (141-724)

SUA, male, pmol/L

407.6 = 105.1 (218-624)

XO activity, male + female, nmol/min/ml

3.34 (1.7-7.95)

XO activity, female, nmol/min/ml

3.41 (1.7-7.67)

XO activity, male, nmol/min/ml

3.27 (1.85-7.95)

Note:

Data are expressed as mean + standard deviation (range) for normally distributed values and median
(range) for non-normally distributed values. WC, waist circumference; BMI, body mass index; FPG,
fasting plasma glucose; PPG, postprandial plasma glucose; HbA, , glycated hemoglobin; IRI, immu-
noreactive insulin; HOMA-IR, homeostatic model assessment for insulin resistance; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; Cre, creatinine; eGFR, estimated glomerular
filtration rate; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglyceride;
LDL-C, low-density lipoprotein cholesterol; serum level of uric acid, SUA; XO, xanthine oxidase.
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Table 2
The plasma xanthine oxidase activity (nmol/min/ml)
in the control group
Indicator Average (X+sX) Reference interval P
The plasma XO activity (male) 2.51+0.29 1.79-3.40 P <0.001
The plasma XO activity (female) 2.50+0.19 1.69-3.31 P <0.001

Waist circumference (WC) was measured
with an inelastic tape to the nearest 0.1 cm at
a midpoint between the bottom of the rib cage
and the top of the iliac crest, following exhala-
tion. Body mass index (BMI) was calculated as
weight (kg) divided by the square of height (m).

Glucose homeostasis was assessed accor-
ding to the recommendations of RSSDI-ESI
Consensus group 2020 [10].

Following an overnight fast, blood was col-
lected by venipuncture and tested immediately
for fasting plasma glucose (FPG) and glycohe-
moglobin A, (HbA ). Serum biochemical vari-
ables including postprandial plasma glucose
(PPG), aspartate aminotransferase (AST),
alanine aminotransferase (ALT), total cho-
lesterol (TC), triglyceride (TG), high-density
lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), creatinine
(Cre) and SAU were measured with a conven-
tional automated analyzer. In the present stu-
dy, males with SUA>420 pmol/l and females
with SUA>360 pmol/l were defined as HU
[11]. The level of fasting insulin (IRI) was de-
termined by the immuno-chemiluminescent
method («KELISA» DRG Diagnostics, USA).
Homeostasis model assessment of insulin re-
sistance (HOMA-IR) was calculated by the
formula: HOMA-IR = IRI, pmol/L X FPG,
mmol/1./22.5.

The plasma XO activity was determined by
a photometric method based on the principle of

«sandwich» immunoassay by the instructions of
the «Xanthine Oxidase Assay Kit» test system
(Sigma-Aldrich, USA).

The control group was 30 practically
healthy people. The obtained results are pre-
sented in nmol/min/ml. There were no statisti-
cally significant differences between the main
and control groups by demographic characte-
ristics (Table 2).

According to the recommendations of
Kidney Disease Improving Global Outcomes
(KDIGO) experts on the diagnosis and treat-
ment of chronic kidney disease, the rate of glo-
merular filtration (eGFR) was calculated ac-
cording to CKD-EPI formulas [12].

Statistical analysis. All statistical analy-
ses were performed using STATISTICA soft-
ware version 10.0. Continuous variables in the
present study were presented as X+ SD (Min-
Max), and Me (Min-Max). Statistical calcula-
tions for significant differences were carried
out using Spearman's rank correlation coeffi-
cient. To explore possible independent factors
for directly influencing the plasma XO activi-
ty in patients with type 2 DM, we carried out
multiple regression analyses. As serum values
of AST, ALT, and plasma XO activity did not
show a normal distribution, they were convert-
ed logarithmically (InAST, InALT, and InXO
activity in plasma). Significance was accepted
at P<0,05.

RESULTS AND THEIR DISCUSSION

The presence of a correlation between
plasma InXO activity and SUA (r,= — 0.28;
P =0.03).

The plasma InXO activity was correla-
ted with fasting IRI (r,= 0.52; P < 0.001)
and HOMA-IR (r,= 0.51; P < 0.002). In ad-
dition, the plasma InXO activity was corre-
lated with BMI (r, = 0.40; P < 0.001). In con-
trast, InXO activity was not correlated with
age (r,= — 0.07; P = 0.61), duration of disease

(r,=0.09; P=0.53), HbA (r,=—-0.11; P=0.41),
FPG (r,=—- 0.4; P=0.74) and PPG (r,= - 0.09;
P=0.57).

Plasma InXO activity and indices of liver
dysfunction and parameters closely related
to SUA level in patients with type 2 DM:
plasma InXO activity was correlated with In-
ALT (r,= 0.73; P < 0.001), InAST (r, = 0.69;
P < 0.001), ALT/AST (r,= 0.85; P < 0.001),
Cre (r, =—0.15; P = 0.46) and eGFR (r, = 0.13;
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Table 3

Multiple regression analysis with the plasma InXO activity
as a dependent variable and metabolic parameters as explanatory variables

Variable
B B t P
dependent independent

Model 1
BMI, kg/m? 0.001 0.0008 2.36 0.04
ALT, IU/L 0.02 0.006 3.65 0.004

o Model 2
InXO activity BMI, kg/m? —0.04 0.011 —3.66 0.006

(plasma)

ALT, IU/L 0.002 0.0007 3.35 0.01

Model 3
BMI, kg/m? -0.41 0.011 - 3.66 0.006
HOMA-IR 0.002 0.001 3.35 0.01

P = 0.34), both of which are known to be asso-
ciated with SUA in patients with chronic kid-
ney diseases.

In a series of multiple regression analyses,
plasma InXO activity was used as a dependent
variable, and age, BMI, HbA , SUA, eGFR,
InAST, InALT, IRI, and HOMA-IR as explana-
tory variables were carried out. In all the mod-
els developed, plasma InXO activity was in-
cluded as a dependent variable, and age, BMI,
HbA , SUA, and eGFR as common explana-
tory variables. We then carried out analyses by
using InAST, InALT, and IRI as independent
variables (Model 1) and InAST, InALT, and
HOMA-IR as independent variables (Model 2),
as well as HOMA-IR as an independent vari-
able (Model 3) (Table 3).

When used as explanatory variables, the
value of InALT (Model 1) was an independent
strong factor for determining plasma XO activi-
ty (R?=95.3 %; P<0.00001). When used as ex-
planatory variables, the value of InALT (Model
2) was also an independent strong factor for de-
termining the plasma XO activty (R? = 97.2 %;
P <0.00001).

When used as explanatory variables with-
out AST and ALT, the value of HOMA-IR was
an independent factor for determining the
plasma XO activity (Model 3) (R? = 97.3 %;
P < 0.00001). These data suggest that the va-
lues of ALT and HOMA-IR, a clinical marker
for hepatic IR, might be independent factors for
directly influencing the plasma XO activity in
patients with type 2 DM.

The major finding of the present study
was that the value of the plasma XO activi-
ty was significantly correlated with indices of
IR and liver dysfunction in a small number of
Japanese patients with type 2 DM [13]. At the
same time, some authors point to the lack of an
association between HU and indices of IR.

Several epidemiological studies have de-
monstrated that patients with non-alcoholic
fatty liver disease (NAFLD) have significantly
higher SUA levels relative to controls, and el-
evated SUA levels are an independent risk fac-
tor for NAFLD [14, 15]. Notably, SUA itself has
been reported to promote de novo lipogenesis
and induce IR [16, 17]. These observations in-
dicate that HU plays a causative role in the
development of NAFLD; it is not merely a con-
sequence of this liver disease.

It is widely accepted that hyperinsulinemia
followed by systemic IR causes elevation of
SUA levels through enhancement of renal
proximal tubular sodium reabsorption [18].
Furthermore, IR in the liver, commonly seen
in type 2 DM alternatively activates the pen-
tose phosphate pathway, resulting in the acti-
vation of a de novo synthesis pathway of SUA
[19]. Importantly, the level of SUA is influenced
by a variety of factors, including dehydration,
purine’ or fructose-rich foods, alcohol, and uri-
nary sugar-associated excretion of urate [21].
In this context, it might be critical to identify
patients showing normal levels of SUA with
higher activity of XO, thereby uncovering hid-
den risks for type 2 DM.
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CONCLUSIONS
1. The value of plasma xanthine oxidase activ- sistance (HOMA-IR) index, a clinical marker
ity was significantly correlated with indices for hepatic insulin resistance, might be inde-
of insulin resistance and liver dysfunction in pendent factors for directly influencing the
patients with type 2 diabetes mellitus. plasma xanthine oxidase activity in patients
2. The values of alanine aminotransferase and with type 2 diabetes mellitus.

homeostatic model assessment for insulin re-
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We aimed to investigate the clinical implication of plasma xanthine oxidase (XO) activity in patients with
type 2 diabetes mellitus (DM).

Materials and methods. 127 patients were examined for type 2 DM (72 female and 55 male). Serum
biochemical variables include aspartate aminotransferase (AST), alanine aminotransferase (ALT), fasting
(FPG) and postprandial (PPG) plasma glucose, glycohemoglobin A, (HbA, ), total cholesterol, triglyceride, high-
density lipoprotein cholesterol, low-density lipoprotein cholesterol, creatinine (Cre) and serum urine acid (SUA)
was measured with a conventional automated analyzer. The level of fasting insulin (IRI) was determined by
the immuno-chemiluminescent method. Homeostasis model assessment of insulin resistance (IR) (HOMA-IR)
index was calculated by the formula: HOMA-IR = fasting insulin (umol/L) X FPG(mmol/L) / 22.5. The plasma
XO activity was determined by a photometric method. The rate of glomerular filtration (¢GFR) was calculated
according to CKD-EPI formulas. All statistical analyses were performed using STATISTICA software ver-
sion 10.0.

Results and their discussion. The plasma InXO activity was correlated with IRI (r,= 0.52; P < 0.001)
and HOMA-IR (r,= 0.51; P < 0.002). In addition, the plasma InXO activity was correlated with BMI (r,= 0.40;
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P <0.001). In contrast, plasma InXO activity was not correlated with age (r,=—0.07; P=0.61), HbA  (r,.=—0.11;
P = 0.41), FPG (r,= - 0,4; P = 0.74) and PPG (r,= — 0.09; P = 0.57). InXO activity and indices of liver
dysfunction or parameters closely related to SUA level in patients with type 2 DM: InALT (r,= 0.73;
P <0.001), InAST (r,= 0.69; P <0.001), ALT/AST (r,= 0.85; P< 0. 001) The plasma InXO activity was correlated
with Cre (r,=—0.15; P = 0.46) and eGFR (r,= 0.13; P=0. 34). In a series of multiple regression analyses, plasma
InXO activity was used as a dependent variable, and age, BMI, HbA, , SUA, eGFR, InAST, InALT, IRI, and
HOMA-IR as explanatory variables were carried out. When used as explanatory variables, the value of InALT
(Model 1) was an independent strong factor for determining plasma XO activity (R?= 95.3 %; P < 0.00001).
When used as explanatory variables, the value of InALT (Model 2) was also an independent strong factor for
determining the plasma XO activity (R*= 97.2 %; P < 0.00001). When used as explanatory variables without
parameters for liver functions, the value of HOMA-IR was an independent factor for determining the plasma
XO activity (Model 3) (R?2= 97.3 %; P < 0.00001). These data suggest that the values of ALT and HOMA-IR,
a clinical marker for hepatic IR, might be independent factors for directly influencing the plasma XO activity in
patients with type 2 DM.

Conclusions. The value of plasma xanthine oxidase activity was significantly correlated with indices of
insulin resistance and liver dysfunction in patients with type 2 diabetes mellitus. The values of alanine amino-
transferase and homeostatic model assessment for insulin resistance (HOMA-IR), a clinical marker for hepatic
insulin resistance, might be independent factors for directly influencing the plasma xanthine oxidase activity in
patients with type 2 diabetes mellitus.

Keywords: xanthine oxidase activity, type 2 diabetes mellitus, insulin resistance, liver dysfunction.

AKTUBHICTb KCAHTUHOKCWNAOA3W B NMJIA3BMI KPOBI
Y MAUIEHTIB 3 UYKPOBUM AIABETOM 2 TUMY: 3B'A30K MIX FMNEPYPUKEMIEIO,
IHCYMIHOPE3UCTEHTHICTIO TA AUC®YHKLIE MEYIHKHA
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Mera mociigskeHHsa — 3’sCyBaTH KJIIHIYHe 3HAUYEHHS aKTUBHOCTI KcaHTHHOKcuaasu (XO) y maasmi
KpoBl y maieHTiB 3 mykposuM miaderom (L) 2 Tumy.

Marepianu ta meromu. O6cresmxeno 127 mamientis 3 IIJ[ 2 tuny (72 xiumku ta 55 40/I0BIKIB).
JlocmimskyBanu 6l0XIMiuHI ImapaMeTpu KpPOBl: piBeHb acmapraraminorpaucdepasu (ACT), amanimamino-
tpancdepasu (AJIT), raorkosu nmasmu Harmecepiie (I'H) 1 mocrnpangianbuuii pisers raworasu (I1TIT),
rimikoremorso6ir A, (HbA, ), saranbHwmit XoecTepuH, TPHUTITINEPHAH, X0JIECTEPHUH JITOTPOTeiHIB BHCOKOI
LIIJIBHOCT1, X0JIECTEPUH JIIIIOIIPOTEIHIB HU3bKOI miabHocTl, Kpeaturin (Kp) i cewoBy rucmory (CK). PiBenn
incyniny (IPI) marme Bu3HaYaaum IMyHO-XeMIJIIOMIHECHEHTHUM MeTOIOM. [|HIeKC 1HCYJIIHOPE3UCTEHT-
wocti (IP) (HOMA-IR) pospaxosysasu 3a dopmysioro: HOMA-IR = (IPI, memoss/n X T'H, mmons/n) / 22.5.
AxruBuicts XO nmasmu BuaHavasin poroMerpudyHuUM MeTomoMm. IBuakricTs KIyO60uKOBOI (isbTparrii
(pIIK®) pospaxosyBasaca 3a ¢gopmynamu CKD-EPI. Crarucrtuunwnit aHaaia NpoOBOSUIIA 32 JOIOMOIOIO
nakery nporpam STATISTICA sepcii 10.0.

PesynbpraTu Ta ix odoroeopeunsa. Beranosseno, mo piBerb aktuBHOocT InXO B mirasmi kopesoe 3 [PI
(r,=0.52; P<0. 001) immexcom HOMA-IR (r, = 0.51; P < 0.002) ta IMT (r, = 0.40; P < 0.001). JloBeneno Bin-
cyTHicTE Kopenanii akTuBHOCTI InXO B mmasmi 3 Bikom (r, = — 0.07; P = 0. 61), HbA L@, =-011; P=0. 41)
'H (r, = - 0.4; P=0.74) u IIIIT" (r, = — 0.09; P = 0.57). BCTAHOBICHO HASBHICTE Ropenﬂuu MIK aKTHUBHI-
crio InXO masmu 3 mapkepamu nuchyukiiii nedinku (ACT, AJIT) ta mapamerpamu, TiCHO HOB'I3aHUMU
3 merabosiamom CK y mamienris 3 IJ] 2 tumy: InAJIT (r = 0.73; P < 0.001), InACT (r, = 0.69; P < 0.001),
AJIT/ACT (r, = 0.85; P < 0.001). Aktussicts InXO B nmaami kopemiosana 3 Kp (r, = — 0.15; P = 0.46) Ta plIIK®
(r,=0.13; P=0.34).

Jlnsa ominkm 33Ky Misk akTuBHIicTIO XO B masmi 3 JOCHIIKYyBAaHUMHU MeTA00JIYHUMH MOKA3HUKA-
MU BUKOPHUCTOBYBaJu OaraTrodaKTOPHUN perpeciiHuii aHas i3, qe akTuBHICTh XO B IJ1a3Mi BU3HAYAN SK
sanexHy amingy, a Bik, IMT, HbA, , CK, plIK®, InACT, InAJIT, IPI ra HOMA-IR ax HesamewmxHi 3MiHHI.
Busmauewno, mo pisers AJIT e daxropom, mo Busnadae akruBHicTh XO miaasmu (R? = 95.3 %; P < 0.00001).
[Tpu Burmrouenni 3 anamiay ACT 1 AJIT akrusnicts XO B nasmi sBusuavae imjgexc HOMA-IR (R? = 97.3 %;
P <0.00001). Orpumani naui susuavaotsb suavyeHHs AJIT ra HOMA-IR sk kiIiHIYHHX MapKepiB, 110 BIIJIXBA-
©0Th Ha akTUBHICTh XO B myiaami y xBopux Ha ][ 2 Tumy.

BucHoBkH. ¥V XxBOpHX HA IIYKPOBUH AiabeT 2 TUIIY aKTUBHICTD KCAHTUHOKCH/IA3H B IJIA3MH KPOBI KOpe-
JII0€ 3 TMTOKA3HUKAMU 1HCYJIIHOPE3UCTEeHTHOCT] Ta AUCPYHKINI medinku. PiBeHsb amaHiHaMiHOTpaHCcdepasn
ta 3HadeHHsa iHgekcy HOMA-IR e kiiHIuHUME MapKepaMu, 1[0 BU3HAYATH aKTUBHICTh KCAHTHHOKCHUIA3U
B IIJIA3Mi1 KPOB1 y XBOPUX HA I[yKPOBUI aiaber 2 TUILy.

KimoyoBi cimoBa: akTUBHICTD KCAHTHHOKCHUJIA3U B IJIA3Ml, I[yKPOBUYU aiabeT 2 TUIly, IHCYJIIHOPE3U-
CTEHTHICTD, TUCPYHKI[IA eI HKHA.
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