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Abstract. – OBJECTIVE: The present study 
compares the plasma and salivary Metrnl lev-
els of patients newly diagnosed with type-2 dia-
betes who were treated with metformin for three 
months with those of a healthy volunteer group 
and immunohistochemically analyzes Metrnl in 
salivary glands.

PATIENTS AND METHODS: 30 healthy vol-
unteers and 30 newly diagnosed type-2 diabetes 
patients were included in the study. The newly di-
agnosed diabetes patients were treated with met-
formin for three months, and the plasma and sal-
ivary metformin levels of both groups were mea-
sured at baseline and after the three months of 
metformin treatment in the patient group. Plas-
ma HbA1c, low-density lipoprotein (LDL-C) and 
Triglyceride (TG) values of all groups were also 
measured at baseline following three months of 
metformin treatment. Biopsies were taken from 
the parotid and submandibular glands and im-
munohistochemical staining was performed to 
show Metrnl immunoreactivity.

RESULTS: Plasma Metrnl, HbA1c, LDL-C and 
TG levels were higher in the newly diagnosed di-
abetes group than in the other group, and sali-
vary Metrnl levels were higher than in the con-
trol group after three months of metrformin treat-
ment. An examination of the immunohistochemi-
cal staining of salivary gland biopsies under light 
microscope revealed Metrnl immunoreactivity in 
the intralobular and interlobular ducts of the pa-
rotid gland, while Metrnl immunoreactivity was 
observed in the acinar cells in the intralobular 
striated duct and interlobular ducts in the sub-
mandibular gland.

CONCLUSIONS: Plasma Metrnl, HbA1c, 
LDL-C and TG levels were higher in the new-
ly diagnosed diabetes group than in the other 
group. Metrnl immunoreactivity was detected in 

the parotid and submandibular glands. The rela-
tionship between Metrnl and DM should be inves-
tigated in larger groups.

Key Words:
Metrnl, Diabetes mellitus, Saliva Metrnl, Immunohisto-

chemistry, Metformin.

Introduction

Type-2 diabetes mellitus (DM) is a leading 
cause of morbidity and mortality around the world 
and can lead to many microvascular and macro-
vascular complications, such as diabetic retinop-
athy, neuropathy, nephropathy and cardiovascular 
disease1.

For patients diagnosed with type-2 DM, the 
primary recommended treatment includes diet, 
lifestyle changes and physical exercise. Met-
formin is one of the most commonly used oral an-
tidiabetic agents for the treatment of type-2 DM 
due to its insulin-sensitizing effect2.

In recent years, a new adipomyokine called 
meteorin-like protein (Metrnl), the release of 
which is stimulated by exposure to cold in adipose 
tissue and by exercise in muscle tissue, has been 
discovered3-5. It has been reported3 that Metrnl 
accelerates browning in white adipose tissue, 
promotes glucose uptake in skeletal muscle and 
the heart, positively affects hepatic glucose and 
lipid metabolism, and improves the function of 
beta cells in the pancreas. Metrnl accelerates the 
browning of white adipose tissue by macrophages 
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in adipose tissue via STAT-6, increases the body’s 
energy consumption and positively contributes to 
glucose tolerance3. Furthermore, overexpression 
of Metrnl has been shown to reduce insulin resis-
tance by activating the PPAR-ɣ-mediated signal-
ing pathway, which plays an important role in ad-
ipocyte differentiation in transgenic mice. These 
findings raise the possibility of Metrnl playing 
a role in the pathophysiology of type-2 DM and 
other metabolic diseases6,7.

To assess the potential role of Metrnl in the de-
velopment of type-2 DM, the present study com-
pares plasma and salivary Metrnl levels in newly 
diagnosed type-2 DM patients at diagnosis and 
after three months of treatment with metformin.

Patients and Methods

Study Design and Setting
30 healthy volunteers and 30 newly identified 

cases of Type-2 DM were included in the study. 
Diabetes was diagnosed based on the identifica-
tion/diagnostic criteria of the American Diabetes 
Association (ADA), as follows: fasting blood 
glucose ≥ 126 mg/dL, 75 g of oral glucose tol-
erance test (OGTT), second-hour blood glucose 
≥ 200 mg/dL, hemoglobin A1c (HbA1c) ≥ 6.5% 
or randomly observed individuals with symptoms 
of hyperglycemia, whose blood sugar was ≥ 200 
mg/dL8. Metformin treatment was started in the 
newly diagnosed type-2 DM patients at a dose 
of 2,000 mg/day and continued for three months. 
The exclusion criteria were as follows: history of 
diabetes, hypertension, any known cardiovascular 
disease, malignancy, use of immunosuppressive 
drugs, steroids, or acute/chronic liver disease, 
acute/chronic kidney failure, infection, and preg-
nant or mentally retarded patients with socio-cul-
tural communication problems.

Firat University Rectorate Non-Interventional 
Research Ethics Committee granted approval to 
the study (date and approval No.: 26.03.2021-
29975), and a voluntary consent form was ob-
tained from each participant.

Metrnl Kit
The Metrnl levels in the serum and saliva sam-

ple specimens, [Human (Metrnl) catalogue number: 
E39441Hu, Bioassay Technology Laboratory Co. 
Ltd., Shanghai, China) were assessed using the 
ELISA method, in accordance with the manufac-
turer’s instructions. The measurement range of the 
Human Metrnl ELISA kit was 0.05-15 ng/mL, the 

intra-assay CV value was < 18%, the inter-assay 
CV value was < 10% and sensitivity was 0.023 ng/
mL. An automatic washer, Bio-Tek ELX50 (BioTek, 
Winooski, VT, USA), was used for the plate wash-
ings, and a ChroMate Microplate Reader P4300 de-
vice (Awareness Technology Instruments, FL, USA) 
was used for absorbance readings. The test results 
were given in ng/mL. The Metrnl kit was shown to 
measure asprosin in saliva sample specimens9, and 
we also measured the saliva sample specimens using 
this method.

Immunohistochemistry
Sections taken from paraffin blocks with a 

thickness of 5-6 mm were applied to polylysine 
slides. The deparaffinized tissues were passed 
through graded alcohol series and boiled in a ci-
trate buffer solution at pH=6 in a microwave oven 
(750 W) for 7+5 minutes for antigen retrieval. 
After boiling, the tissues were kept at room tem-
perature for about 20 minutes to cool and then 
washed with PBS (Phosphate Buffered Saline, 
P4417, Sigma-Aldrich, USA) for 3x5 minutes 
and incubated with a hydrogen peroxide block 
solution for 5 minutes to prevent endogenous 
peroxidase activity (Hydrogen Peroxide Block, 
TA-125-HP, Lab Vision Corporation, USA). Af-
ter applying an Ultra V Block (TA-125-UB, Lab 
Vision Corporation, USA) solution for 5 minutes 
to prevent the background staining of the tissues 
washed for 3x5 minutes with PBS, the Metrnl 
primary antibody (Metrnl Polyclonal Antibody, 
PAH662Ra01, Cloud-Clone Corp., Houston, 
USA) was diluted 1/200 in a humid environment 
for 60 minutes at room temperature. After the 
primary antibody application, the tissues were 
washed with PBS for 3x5 minutes and incubat-
ed with a secondary antibody (anti-mouse/rab-
bit IgG, biotinylated Goat Anti-Polyvalent, TP-
125-BN, Lab Vision Corporation, USA) for 30 
minutes at room temperature in a humid environ-
ment. The tissues were washed with PBS for 3x5 
minutes after the secondary antibody application 
and incubated with Streptavidin Peroxidase (TS-
125-HR, Lab Vision Corporation, USA) for 30 
minutes in a humid environment at room tem-
perature and then taken into PBS. After 3-ami-
no-9-ethylcarbazole (AEC) Substrate + AEC 
Chromogen (AEC Substrate, TA-015 and HAS, 
AEC Chromogen, TA-002-HAC, Lab Vision 
Corporation, USA) solution was dripped onto 
the tissues and the image signal was obtained 
under the light microscope, the samples were 
washed with PBS. The tissues, counterstained 
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with Mayer’s hematoxylin, were then passed 
through PBS and distilled water and closed with 
the appropriate closure solution (Large Volume 
Vision Mount, TA-125-UG, Lab Vision Corpora-
tion, USA). The preparations were examined and 
photographed using a Leica DM500 microscope 
(Leica DFC295, Danaher, Wetzlar, Germany).

Statistical Analysis
The data were analyzed using IBM SPSS Statis-

tics (Version 22.0., IBM Corp., Armonk, NY, USA). 
A Kolmogorov-Smirnov test was used to analyze 
the normality of the data. In line with the character-
istics of the variables, percentage, mean, standard 
deviation, Wilcoxon, Mann-Whitney U, Spearman 
correlation and Receiver operating characteristic 
(ROC) tests were performed. A Kruskal-Wallis 
H test was used for the comparison of more than 
two independent groups, and a Dunn-Bonferroni 
post-hoc test was used for binary comparisons to 
determine the source of the difference. Statistical 
significance was accepted as p<0.05. 

Results

Of the 60 participants, 52.2% (47) were male 
and the mean age of the patients was 45.33±10.33 
years. The Plasma Metrnl and saliva Metrnl levels 
are presented in Table I. 

An investigation of immunohistochemical 
staining for Metrnl immunoreactivity under light 
microscopy revealed Metrnl immunoreactivity in 
the intralobular and interlobular ducts in the pa-
rotid gland (Figure 1a), while Metrnl immuno-
reactivity was observed in the acinar cells in the 

intralobular striated duct and interlobular ducts in 
the submandibular gland (Figure 1b).

There was no significant difference between 
the age of control and DM groups. A comparison 
of the control, newly diagnosed type-2 DM, and 
after 3-months of treatment groups revealed sali-
va Metrnl laboratory levels to be lower in the con-
trol group than in the 3-months treatment group 
(p=0.041). The newly diagnosed DM group’s 
plasma Metrnl, HbA1c and LDL-C levels were 
higher than those of the other groups (Table II). 

There was no correlation between saliva 
Metrnl and plasma Metrnl (Spearman Correla-
tion test, p=0.571). The ROC analysis performed 
to determine the diagnostic efficacy of saliva 
Metrnl and plasma Metrnl in DM revealed a Plas-
ma Metrnl value above 2.278 to be diagnostic for 
T2DM with 55.0% sensitivity and 56.7% specific-
ity [p=0.013, Area Under Curve (AUC)=0.662], 
while a Saliva Metrnl value above 2.841 was di-
agnostic for T2DM with 63.3% sensitivity and 
63.8% specificity (p=0.027, AUC=0.645).

Discussion

Type-2 DM affects many organs and is a 
chronic disease that occurs due to a decrease in 
the amount of insulin secreted from the pancreas 

Figure 1. Metrnl immunoreactivity. Intralobular and interlobular ducts in the submandibular (a) and parotid (b) glands (x 100 µm).  

Table I. Saliva Metrnl and plasma Metrnl levels of the participants.

 Mean SD

Saliva Metrnl  2.70 0.914
Plasma Metrnl  3.13 2.847
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and/or resistance to the effect of insulin10. Metrnl, 
known also as subfatin, is a newly discovered adi-
pomyokine that is primarily secreted by white adi-
pose tissue and skeletal muscle6. Rao et al3 report-
ed that augmented circulating Metrnl stimulated 
thermogenesis in brown adipose tissue in mice, 
increased the body’s energy expenditure and pos-
itively affected glucose tolerance. In line with 
these findings, the use of plasma Metrnl levels as 
a marker in the early diagnosis and treatment of 
type-2 DM can be considered worthy of study.

None of the previous studies investigating 
the relationship between Metrnl and type-2 DM 
have focused on the relationship between salivary 
Metrnl levels and type-2 DM. To the best of our 
knowledge, this is the first study to investigate 
the changes in plasma Metrnl and salivary Metrnl 
levels after 3 months of metformin treatment in 
newly diagnosed type-2 DM patients. It is also the 
first study in literature to demonstrate Metrnl im-
munoreactivity in the salivary gland immunohis-
tochemically, setting it apart from other studies.

As Metrnl is a recently discovered adipomyo-
kine, there are only limited studies investigating 
the relationship between type-2 DM and plasma 
Metrnl levels, and their results are conflicting. Lee 
et al11 and Zheng et al12 both reported low plas-
ma Metrnl levels in type-2 DM patients in their 
studies, while Wang et al13, Chung et al14 and Ch-
uan et al15 all reported high serum Metrnl levels in 
type-2 DM patients. In the present study, plasma 
Metrnl levels were found to be higher in the di-
abetic group than in the control group. Further-
more, saliva Metrnl levels were found to increase 
in the diabetic group after 3 months of treatment 
when compared to the control group. There was 
no correlation between salivary Metrnl and plas-
ma Metrnl levels. A ROC analysis was performed 

to determine the diagnostic efficiency of salivary 
and plasma Metrnl levels in the diabetic group, 
revealing a plasma Metrnl value of 2.278 and a 
salivary Metrnl value of over 2.841 to be diagnos-
tic for diabetes, although this finding should be 
investigated in larger groups.

The reason for the association between high 
plasma Metrnl levels and diabetes has yet to be 
fully explained. Löffler et al16 reported that an 
overexpression of Metrnl in human adipocytes 
inhibited the differentiation of adipocytes and de-
creased the expression of PPAR-ɣ, thus contrib-
uting to insulin resistance and hyperinsulinemia. 
This suggests that Metrnl may play a role in the 
etiology of diabetes.

For the treatment of type-2 DM, lifestyle 
changes and diet are primarily recommended in 
the guidelines of diabetes societies such as the 
American Diabetes Association (ADA). As the 
initial drug therapy, metformin is recommended 
if there are no contraindications8. Accordingly, in 
the present study the newly diagnosed diabetes 
group were treated with metformin for 3 months. 
To avoid heterogeneity, a single commercial form 
of the drug was used at a dose of 2x1,000 mg in 
the study. It was determined that plasma Metrnl 
levels in the type-2 diabetes group decreased after 
metformin treatment and approached the plasma 
Metrnl levels in the control group. Wang et al13 
reported a positive correlation between a high 
serum Metrnl level and insulin resistance. In the 
present study, the decrease in plasma Metrnl lev-
els recorded after metformin treatment can be ex-
plained by the fact that insulin resistance started 
to improve after the administration of metformin 
and led to a decrease in the serum Metrnl level. 
It was a stimulating and unanticipated finding 
that salivary Metrnl levels increased slightly after 

Table II. Age, and laboratory data of the groups included in the study.

Htc: Hematocrit, Hb: Hemoglobin, LDL-C: Low-density lipoprotein cholesterol, AST: Aspartate aminotransferase TG: Triglycerides.

 Groups

 Control Newly DM 3-months treatment

 Mean SD Mean SD Mean SD p

Age  42.10 8.8 54.63 10.8 - -  0.317
Saliva Metrnl 2.39ª 1.044 2.69ª-ᵇ 0.958 3.03ᵇ 0.564 0.041
Plasma Metrnl 2.19ª 0.852 4.41ᵇ 3.252 2.80ª 2.114 0.044
Hb A1c 5.88ª 0.789 7.64ᵇ 1.602 6.26ª 1.235 <0.001
LDL-C 113.6ª 28.583 153.43ᵇ 54.243 123.34ª 32.834 0.017
TG (mg/dL) 212.45 79.954 259.56 112.985 209.76 8.567 0,141
AST (U/L) 21.56 10.456 23.13 12.984 22.36 10.651 0.686
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metformin treatment when compared to the base-
line value, though larger groups should be studied 
to confirm these findings.

The expression of Metrnl by adipose tissue 
and skeletal muscle is reported for the first time in 
the present study. Li et al17, Zheng et al18 and Miao 
et al19 all reported Metrnl expression to be present 
in such tissue as the liver, heart, spleen, macro-
phages, stromal cells and the central nervous sys-
tem. In the present study, Metrnl immunoreactiv-
ity was demonstrated in the salivary gland, in the 
intralobular and interlobular ducts of the parotid 
gland, and in acinar cells in the intralobular striat-
ed duct and interlobular ducts of the submandib-
ular gland. Metrnl immunoreactivity was detect-
ed in the salivary gland for the first time and so 
encourages future studies of Metrnl expression in 
different tissues.

Limitations
This study has some limitations. Initially, each 

group in the study consisted of 30 people. Second, 
only newly diagnosed diabetes patients were in-
cluded in the study, and type-2 DM patients with 
different prognoses (such as with and without com-
plications) were excluded. Third, the study was 
conducted with patients of a single ethnic origin. 

Conclusions

Plasma Metrnl levels were found to be high-
er in newly diagnosed type-2 DM patients when 
compared to other groups. Furthermore, the di-
agnostic predictive values of plasma and saliva 
Metrnl levels were determined. This is the first 
time in literature that the immunoreactivity of 
Metrnl in the parotid and submandibular glands 
has been demonstrated immunohistochemically. 
The presented findings may serve as the basis for 
further studies.
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