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Abstract

The aim of the research was to study the relationship between plasma concentrations of
resistin and indicators of enzyme and pigment metabolism in patients with non-alcoholic
fatty liver disease (NAFLD) and its combination with type 2 diabetes mellitus (DM-2)
depending on phenotype of patients. Materials and methods. On the base of Kharkiv
Regional Hospital a total of 90 patients were examined, including patients with NAFLD (n =20)
and its combination with DM-2 with normal body weight (n = 20) and obesity (n = 50), as
well as 20 healthy volunteers. A complex of clinical, laboratory and instrumental (including
liver biopsy in 9 patients) examinations of patients was performed. Results. A direct rela-
tionship was established between the level of resistin and indicators of enzyme and pigment
exchange in groups of patients with combined pathology. A significant increase of resistin
plasma level, as well as disorders of the liver function were determined in all groups of
patients in comparison with the controls. The most marked changes were revealed in patients
with combination of NAFLD, DM-2 and obesity. Conclusions. The established relationship
between the level of resistin and the indicators of the liver functional state suggests that an
increase of resistin level may reflect the presence of impaired liver function in patients with
NAFLD in combination with DM-2, predicting the progression of NAFLD. In order to
detect the disorders of liver function in patients with DM-2, it is recommended to determine
the level of resistin in patients with NAFLD, especially when concomitant obesity is present.
The higher the body mass index in obese patients, the more pronounced the effect of resistin

on liver function in patients with this comorbid pathology.
Keywords: non-alcoholic fatty liver disease, type 2 diabetes, obesity, resistin.

Introduction

Non-alcoholic fatty liver disease (NAFLD)
is characterized by the presence of fatty liver
infiltration, verified by visual tests or histology in
the absence of alcohol abuse (<40 grams of pure
ethanol per day for men and 20 grams for
women), the use of steatogenic drugs, or hereditary
diseases [1, 2]. NAFLD is associated with obesity
and insulin resistance (IR) [3].

The issues of etiopathogenesis of this metabolic
pathology still remain unresolved.

Adipose tissue is a key endocrine organ that
communicates with brain, muscle, liver, and
pancreas, thereby maintaining energy homeostasis.
The communication between adipose tissue and
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other organs is mainly mediated by multiple
endocrine substances secreted by adipose tissue,
referred to as "adipocytokines" [4-8]. Adipose
tissue hormones, for example, resistin, is
considered in the literature as a pathogenic factor
for the development of obesity and IR, it functions
as a signal to reduce insulin-stimulated glucose
uptake [9-14], and is also referred to as "intrahe-
patic cytokine" [15—17], which affects on function
and creates a pro-inflammatory effect in the
stellate cells of the liver, key modulators of fibrosis.

The search for common mechanisms between
the development of NAFLD and metabolic
disorders will reveal additional ways of preventing
and diagnosing this comorbid pathology, therefore,
requires additional study.

2. Purpose, subjects and methods:

2.1. The purpose of the research was to study
the relationship between plasma concentrations
of resistin and indicators of enzyme and pigment
metabolism in patients with non-alcoholic fatty
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liver disease (NAFLD) and its combination with
type 2 diabetes mellitus (DM-2) depending of
phenotype of patients.

2.2. Subjects & Methods

On the base of Kharkiv Regional Hospital a
total of 90 patients were examined. Of these,
patients with NAFLD (group 1; n = 20) and its
combination with DM-2 with normal body weight
(group 2; n =20) and obesity (group 3; n = 50),
as well as 20 healthy volunteers (control group).

Verification of diagnoses was carried out
according to the ICD-10 and WHO classifications.
In all patients, the parameters of the functional
state of the liver, body mass index (BMI) were
determined.

The diagnosis of diabetes was verified by
biochemical testing, which made it possible to
assess the state of carbohydrate metabolism using
standard generally accepted methods.

According to the Quetelet index, normal body
weight was established with a BMI of 18.5 to
24.9 kg / m2, the diagnosis of "obesity" was made
in patients with a BMI ? 30 kg/m2.

The diagnosis of NAFLD was verified by the
results of a complex clinical and laboratory,
biochemical (using reagent kits "DacSpectroMed"
(Moldova)) and instrumental (ultrasound
examination of the liver) examination in accordance
with the standards of examination of patients with
gastroenterological diseases. The resistin level
was determined by the enzyme-linked immune-
assay using the BioVendor reagent kit (Czech
Republic).

To clarify the nature and degree of liver
damage, selective puncture biopsy (PB) of the
liver was performed, followed by morphological

examination of biopsies in 9 patients. All examined
patients had no previous viral hepatitis, alcoholism
was excluded.

Statistical processing of research results was
carried out using analysis of variance and
correlation (BIOSTAT version 4.03 and Statistica
version 6.1 software packages). Student's t-criteria
was used in independent groups, taking into
account the difference in the number of obser-
vations.

All patients gave informed consent to the
interviews and all types of testing.

3. Results & Discussion

Results

In one of our studies, we have already
provided some data on the study of resistin and
its relationship with indicators of the functional
state of the liver [ 18]. In this article, we additionally
present data on the correlations between resistin
and BMI in patients in order to demonstrate the
dependence of this indicator on the phenotype of
patients.

With regard to the investigation, the plasma
levels of resistin in groups 1, 2 and 3 were
significantly higher than those in control group
(p <0.001). Indicators of resistin in groups 2 and
3 were both significantly higher than those in
group 1 (p <0.001both), Table.

The fact that the studied parameters were
increased in group 1 (patients with NAFLD
without DM-2) indicates NAFLD as an
independent factor for the endocrine dysfunction
of adipose tissue.

We investigated indices of pigment and
enzymatic metabolism as biochemical markers of
liver function state.

Resistin balance (M = m) in NAFLD patients
with normal body weight and obesity

Group

Resistin level ng/ml

control group
n=20

4.87+0.11

group 1
NAFLD
n=20

7.56+0.21*

group 2

n=20

NAFLD, DM2 with normal body mass

8.06+0.23*

group 3
NAFLD, DM2 and obesity
n=50

10.00+0.11**

Note:

* —p <0.001 when compared with the control group;
** —p <0.001 when compared with the indicators of group 1.
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Analysis of the state of enzyme metabolism
showed that serum ALT (mmol/l/g) was
significantly increased in patients of groups 2 (0.81
+0.01) and 3 (0.86 £ 0.01) compared with control
(0.46 £ 0.01; p <0.05), indicators of 1 (0.60 £
0.01) group (p <0.05). Significantly higher values
of serum ACT (mmol/l/g) in patients of groups 2
and 3 (0.67 = 0.01; 0.73 £ 0.01; p <0.05,
respectively) were found in comparison with the
indicators of group 1 and the control group patients
(0.79+0.01;0.41 £0.01; p <0.05, respectively).
There was a significant decrease in the ratio of
AST / ALT in the serum of patients in groups 2
and 3 (0.76 = 0.01; 0.73 = 0.01; p <0.05,
respectively) compared with patients of group 1
and control group (0.79 = 0.02; 0.98 £ 0.01;
p <0.05, respectively). There was a significant
increase in ALP (U/L) in the serum of patients
of groups 2 and 3 (4.79 £+ 0.11; 6.50 £ 0.079;
p <0.05, respectively) compared with patients of
group 1 and the control group (3.45 £0.11; 1.72
+0.06; p <0.05, respectively).

There was a significant increase in total bi-
lirubin in the serum (?mol/1) in patients of groups 2
and 3 (14.19 + 0.20; 16.12 = 0.09; p <0.05,
respectively) compared with indicators of patients
of group 1 and control group (12.5+0.18; 10.37
+0.15; p <0.05, respectively), as well as a signi-
ficant increase in conjugated serum bilirubin
(umol/1) in patients of groups 2 and 3 (6.05+0.17;
7.9440.1; p <0.05, respectively) compared with
patients of group 1 and control group (5.75 £ 0.18;
2.47 £0.09; p <0.05, respectively).

It is important to note that all the above indi-
cators of enzyme and pigment metabolism in
patients of group 3 (comorbid pathology with
obesity) significantly (p <0.05) increased when
compared with patients in group 2 (comorbid
pathology with normal body weight).

Evaluating the indicators of pigment and
enzymatic metabolism, in addition to the detected
significant (p <0.001) increase in all indicators
reflecting these types of metabolism (except for
AST/ALT, where a significant decrease was
observed), a significant impairment of these indi-
cators was revealed in group 3 in comparison with
groups 1 and 2, the reliability was not revealed
between the ALT and total bilirubin values in
group 1 (NAFLD) in comparison with group 2
(NAFLD and DM-2 with normal body weight).

The correlations between resistin and some
indicators of enzyme and pigment metabolism in
patients, mainly in the group 3, were detected.

The correlations between resistin and AST/ALT
were investigated (r =-0.32, p <0.05 in group 2;

r=-0.39, p<0.05 in group 3),ACT (r=0.57,p<0.05
in group 3), ALT (r = 0.49 p <0.05 in group 3),
total bilirubin (r = 0.59, p <0.05 in group 3),
conjugated bilirubin (r=0.46, p <0.05 in group 2;
r=0.71, p <0.05 in group 3) and alkaline phos-
phatase (r = 0.82, p <0.05 in group 3).

Correlation links between these indicators
were present and were significant mainly in group 3.
In other groups, these relationships had the same
direction, but were weak.

Also, resistin was directly related to BMI in
all groups of patients. Resistin was associated
with BMI (r=0.83, p <0.05 in group 1; r=0.36,
p <0.05 in group 2; r = 0.84, p <0.05 in group 3).

The study implied a puncture biopsy of the
liver with subsequent histological evaluation of
biopsies for 9 examined patients [ 18], namely, two
patients of group 1, three patients of group 2 and
four patients of group 3.

The "gold standard" for the diagnosis of
NAFLD is a liver biopsy. However this procedure
is invasive and potentially associated with
complications. In selected group of patients liver
biopsy was performed. Assessment of the
structure of fibrotic changes showed such signs
as small and large droplet steatosis, mixed fibrosis
with mono- and multilobular spread with
moderately pronounced signs of parenchymal and
stromal reactions.

Group 1 patients (patients with NAFLD
without DM-2) were found to have large-droplet
fatty degeneration of single hepatocytes, as well
as diffuse large-small-droplet fatty degeneration
of hepatocytes with some predominance of the
process in its central parts, large-droplet fatty
degeneration of single hepatocytes (Fig. 1, 2).
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Flg. 1. Diffuse large-droplet fatty degeneratlon
of the hepatic lobule with some predominance
of the process in its central parts.
Hematoxylin and eosin, x 200

Besides, ultrasound examination revealed hype-
rechoic liver tissue, due to diffuse fatty infiltration
with a coarse-grained structure.

In group 2 patients with NAFLD in
combination with DM-2 and normal body weight,
attention was drawn to the presence of "hollow"
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Fig. 2. Large-droplet fatty degeneration
of separate hepatocytes. In separate hepatocytes,
large "hollow" nuclei are detected.
Hematoxylin and eosin, x 200
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Figure 3. "Hollow" nucleus of hepatocytes
against the background of hepatosis.
Hematoxylin and eosin, x 400

of periportal hepatocytes. The bile ducts
of portal tracts are full of bile.
Hematoxylin and eosin, x 400

Figure 5. Sudanophil granules in the cytoplasm
of hepatocytes. Sudan 3 on fat, x 200

nuclei of hepatocytes against the background of
hepatosis (Fig. 3), as well as bile overcrowding
of the bile capillaries (a sign of steatohepatitis),

of hepatocytes of the periporal zones.
Hematoxylin and eosin, x 200

degeneration of hepatocytes mainly of the central
parts of the hepatic lobules. Portal tracts
are significantly sclerosed with the presence
of diffuse lymphohistiocytic infiltration.
Hematoxylin and eosin, x 100

with marked lymphobhistiocyte infiltration against
the background of focal steatosis.
Hypertrophy of the walls of the hepatic arteries
with some narrowing of their lumen.
Hematoxylin and eosin, x 100

(Fig. 4) and sudanophilic granules in the cyto-
plasm of hepatocytes (Fig. 5).

In group 3 patients (NAFLD in combination
with DM-2 and obesity), there was a picture of
focal coarse fatty degeneration of hepatocytes
in the periportal zones (Fig. 6). The study showed
signs of focal large-small-droplet fatty
degeneration of hepatocytes, predominantly of the
central parts of the hepatic lobules, the portal
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Figure 9. Large—droplet fatty degeneratlon
of hepatocytes. Focal plethora of the hepatic
parenchyma against the background of complete
disorganization of its beam structure.
Hematoxylin and eosin, x 200

tracts were significantly sclerosed with diffuse
lymphohistiocytic infiltration, in particular against
the background of focal steatosis — signs of liver
fibrosis (Fig. 7, 8). Focal plethora of the hepatic
parenchyma was observed against the back-
ground of complete disorganization of its beam
structure — a sign of steatohepatitis (Fig. 9).

We appreciate that it is not possible to make
a statistically significant conclusions concerning
typical pathomorphological changes in liver tissue
due to limited number of subjects involved in
morphological study. However, analyzing the
histological changes of biopsies of 9 examined
patients, we noticed that severe inflammatory and
fibrotic changes were as typical findings for
patients with comorbid pathology (group 2 and
group 3). The most progressive changes revealed
liver biopsy results in patients of group 3, that
demonstrates that obesity is an additional factor
of NAFLD progression and it can become a
promising vector for further research.

Discussion

Increased activity of AST and ALT in the
blood serum and decreased AST/ALT ratio,
indicates the development of cytolysis syndrome
in the examined patients.

The tendency to an increase in bilirubin and
excretory enzyme ALP confirms the development
of cholestasis syndrome with impaired biliary
function of the liver with impaired formation of
bile micelles and damage to small bile ducts.

Increased biochemical markers of liver tissue
damage against the background of IR indicates
the presence of structural and functional changes
in hepatocytes with the development of cytolysis
and cholestasis syndromes, developing in patients
with NAFLD and in comorbid pathology.

Monitoring the state of these types of
metabolism has prognostic significance for
diagnosing of the state of the liver in patients with

NAFLD and with its combination of DM-2,
especially in the presence of obesity.

Increased level of resistin mainly in groups
of the patients with comorbid pathology
demonstrates the relationship of metabolic,
hormonal changes and functional disorders of the
liver in patients with NAFLD and DM-2, which
is significantly increased in obesity. Resistin
indices were significantly increased in group 1
with NAFLD without DM-2, demonstrating that
NAFLD is an independent factor for disorders
of the endocrine function of adipose tissue, which
are significantly compounded by disorders of
carbohydrate metabolism and obesity.

It is important to note that the correlation
between all indicators increased and was
significant in all cases in group 3, which confirms
the fact that obesity is a leading etiological factor
in the pathogenesis of molecular cellular
mechanisms of interaction of immune and
metabolic processes in patients with NAFLD and
DM-2.

In a previous scientific article, we have
already suggested the relationship between
resistance levels and markers of cytolysis and
cholestasis [18].

We would like to focus on the pronounced
relationship between the level of resistin and BMI
in patients. Interestingly, the correlations between
these parameters were significant in all groups,
but the strongest one was found in the group with
isolated NAFLD and in group 3 with comorbid
pathology and obesity. In any case, we can
conclude that the level of resistin increases in
obese patients along with weight gain, which
means that the higher the BMI in obese patients,
the more pronounced the effects of resistin on
liver function in this category of patients.

Conclusion

This study essentially shows the presence of
significant correlations between resistin and some
indicators of the functional state of the liver of the
studied patients. The established relationship
between the level of resistin and the indicators of
the liver functional state suggests that an increase
of resistin level may reflect the presence of
impaired liver function in patients with NAFLD in
combination with DM-2, predicting the progression
of NAFLD. In order to detect the disorders of
liver function in patients with DM-2, it is
recommended to determine the level of resistin in
patients with NAFLD, especially when concomitant
obesity is present. The higher the BMI in obese
patients, the more pronounced the effect of resistin
on liver function in this category of patients.
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