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Introduction
Type 2 diabetes is a metabolic disease in which hyperglycemia 
occurs due to the deterioration of secretion of the insulin hormone 
and the effect of insulin [1]. Due to diabetes being a chronic 
disease, high health care costs, and side effects of the drugs used, 
the interest in alternative or supportive/complementary treatments 
has increased. Nowadays, it is noteworthy that diabetic patients 
use antihyperglycemic drugs (such as insulin, and metformin) 
and herbal drugs with high antioxidant and antihyperglycemic 
properties to fight against hyperglycemia [2]. 

Many studies suggest that individuals who develop DM display 
features of inflammation several years before DM is diagnosed 
[3]. Increasing evidence indicates that activation of the innate 
immune system and the presence of low-grade inflammatory 
chronic subclinical conditions are widely associated with the 
pathogenesis of diabetes mellitus [4, 5]. In addition, inflammatory 
cytokines were implicated in the pathogenesis of microvascular 
diabetic complications [6, 7]. Population-based studies showed 
that various inflammatory markers, such as cytokines, are strong 

predictors of diabetes development [8, 9]. NFκB is a transcription 
factor that controls the expression of genes involved in different 
processes such as immune response, cell differentiation and 
development, apoptosis, inflammation, and tumorigenesis. NFkB 
regulates many target genes, including adhesion molecules, 
chemokines, inflammatory cytokines, nitric oxide synthase, and all 
other molecules involved in inflammation and proliferation [10].

As reported in diabetes, hyperglycemia may interfere with the 
antioxidant defense system by causing changes in the activities of 
antioxidant enzymes. Changes in the antioxidant defense system 
in the diabetic state in diabetic animal models were documented 
as a significant reduction in SOD activity in red blood cells [11]. 
In addition, oxidative stress was reported to be a known pathway 
in the pathogenesis of diabetic complications [12]. To evaluate 
the impact of oxidative stress on type 2 diabetes mellitus, a study 
was conducted including 309 diabetic individuals at the Diabetic 
Clinic of Charles Sturt University in Australia. The non-diabetic 
control group was normoglycemic, normotensive, and had no 
history or evidence of cardiovascular disease. The researchers 
collected blood and urine samples and measured blood sugar, 
lipids, and oxidative stress biomarkers. There were significant 
increases in glycosylated hemoglobin, lipids, and oxidative stress 
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ABSTRACT
Diabetes Mellitus (DM) is the most common chronic endocrine disorder. Although new drugs and administration techniques for diabetes were developed, 
the nature of complications that occur chronically and reduce patients’ quality of life have not been entirely determined. In our study, 35 male rats were 
used. A single dose of 40 mg/kg streptozotocin was injected intraperitoneal into 28 rats, and a total of five groups were formed. The diabetes model was 
performed by applying 40mg/kg STZ and was not established in the subjects in the control and citrate buffer groups with STZ solvent. The quercetin and 
moss extract were given by gavage for three weeks. The liver and pancreas tissues were examined by histochemical and immunohistochemical methods. 
Ki-67 (proliferation marker), antinuclear factor kappa (NF-κB), and interleukin 6 (IL-6) immunohistochemically staining revealed significant differences 
in inflammation and regeneration in the liver and pancreas tissues. In addition, the TUNEL staining method was used to determine apoptosis. Positivity 
was significant between the treatment and diabetes groups. It was determined that the agents used as treatment changed serum superoxide dismutase 
(SOD), malondialdehyde (MDA), C-peptide, insulin, and glucose levels.
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biomarker levels in the diabetic group compared to non-diabetics. 
The findings support the association between type 2 diabetes and 
hyperglycemia-induced oxidative stress, chronic hyperglycemia, 
and type 2 diabetes progression [13]. 

Quercetin is a common dietary flavonoid found in many 
vegetables and fruits, including onions, lettuce, tomatoes, hot 
peppers, broccoli, apples, and strawberries [14]. Specifically, 
quercetin is one of the most potent natural antioxidants with 
various pharmacological effects, including anti-inflammatory, anti-
allergic, anti-ulcer, anti-cancer, cardio protective, neuroprotective, 
and anti-atherogenic activities [15]. In addition, quercetin was 
reported to have antidiabetic potential in several preclinical studies 
[16]. Therefore, the inclusion of quercetin as a natural treatment 
product to prevent diabetes and its complications has gained 
considerable attention [17, 18]. In a study administering quercetin 
to male rats with experimental diabetes mellitus induced with 
STZ, quercetin played a stabilizing role in blood sugar control 
[19]. In another study examining the effect of quercetin on protein 
and lipid damage in experimental diabetic rats, quercetin did not 
have a practical protective feature against protein damage caused 
by DM but had a protective role against lipid peroxidation. In a 
study administering quercetin to rats, it prevented the formation 
of free oxygen radicals in cells and provided protection against 
lipid peroxidation [20]. In addition to studies that reporting that 
quercetin administration inhibited lipid peroxidation, there are 
also studies reporting it reduced lipid peroxidation in human 
lymphocytes [21]. 

Mosses are the oldest land plants used to treat many diseases in 
alternative medicine for more than 400 years. The antioxidant 
activities of mosses, which have physiological importance, are 
high. The presence of antioxidant activity in mosses and the 
search for natural antioxidants in research has increased interest 
in mosses. Maytansinoid, an antitumor agent, and its derivatives 
were isolated from the actinomycete, Actinosynnema pretiosum, 
mosses, and higher plants. Many of these compounds are antitumor 
agents with extraordinary potency and include maytansinoids 
as "warheads" in tumour-specific antibodies. Among the 219 
moss extracts tested, 41 extracts encouraging cell division were 
identified to have various combinations of significant effects on 
interphasic and mitotic cells. Seven sections were further studied 
using cell viability assays, cell cycle analysis, and phenotype 
determination assay. Three different pharmacological patterns 
were identified, including two unusual phenotypes [22, 23]. 

Active compounds responsible for the antimicrobial effects present 
in many bryophyte species have been identified. For example, some 
liverwort extracts such as polygodial from Porella, polygodial from 
Conocephalum conicum, and lunularin from Lunularia cruciata 
are not only effective fungicides and bactericides but also have 
weak biocidal (stomach poison) effects against harmful insects 
[24]. Alcoholic or acidic extracts of Polytrichum juniperinum were 
found to exert antitumor activity against carcinoma when injected 
into muscle cells of CAF1 mice [25]. In other cases, bryophyte 
extracts had tumor-promoting activity. Asakawa found that 
molecules such as marchantin A, cyclopentenyl fatty acids, and 
their precursors had antimicrobial activity. Sanionin A and B were 
isolated from Sanionia uncinata collected from Livingston Island 
in the Antarctic [26]. These compounds showed inhibitory activity 
against multiresistant staphylococci, gram-positive pathogens, and 
vancomycin-resistant enterococci. Anti-inflammatory activity and 
low cytotoxicity were also observed [27].

The findings of moss studies show that their antibacterial and 
anti-cancer properties are high due to the flavonoid content. 
Experimentally, in vivo studies seem to be very limited. The 
species we studied has never been used in experimental animal 
models in the literature. In this respect, the results of the study will 
contribute to the literature. In future studies, molecular techniques 
will contribute to the use of moss extracts in medical treatments 
with more specific findings. Especially considering its anti-cancer 
properties, prodrugs with low cost and short duration can be 
developed for cancer treatments increasing day by day.

In light of this information, we aimed to investigate the effects of 
moss (Homalothecium sericeum Hedw.) (HS), which we observed 
before, and quercetin, which was proven to have significant 
antioxidant properties, to eliminate the complications caused 
by diabetes. Therefore, the aim was to carry out innovative and 
pioneering studies that will contribute to the scientific world to 
minimize diabetes-related problems in the future in individuals 
who develop diabetes at a young age and have congenital diabetes.

Materials and Methods
Homalothecium sericeum belongs to the Bryophyta division, 
Bryopsida class, Hypnales order, Brachytheciaceae family. It is 
one of the five taxa of the genus Homalothecium in our country 
[28]. Homalothecium sericeum is a taxon that loves bare and 
arid environments and open areas, spreading epiphytically on 
tree trunks and in epilithic environments such as stone, wall, 
and rock surfaces [29]. Research material was collected from 
Kazdağları (Çanakkale, Turkey). The mosses cleaned of foreign 
materials were left to dry in the natural environment and the dried 
samples were ground into powder. The material in the form of 
flour was treated with methanol at a rate of 10 ml/g for 24 hours 
in the dark, and the extraction process was carried out in capped 
flasks at room temperature and with shaking. The moss sample 
was treated with methanol until the extract became colorless, was 
filtered through filter paper, and given to the rat groups at doses of 
150 mg/kg. Consent was obtained from the Experimental Animals 
Ethics Committee.

Approximately 6–8-week-old Wistar albino rats weighing 200-
300 g and 35 male rats were used in the study. A single dose of 40 
mg/kg streptozotocin was injected into 28 rats by IP route. Before 
streptozotocin injection, blood glucose levels were checked, and 
applying STZ; glucose measurements were made in the blood 
taken from the tail vein of the subjects. Post-STZ blood glucose 
values were determined with a glucometer. Optima brand rapid 
glucometer was used. One day after the infusion, fasting blood 
glucose value was measured in blood taken from the tail vein 
following a fasting period of 8-10 hours. Blood glucose values 
were started 24 hours after STZ administration, and measurements 
were repeated for five days. Rats that developed hyperglycemia 
were included in the treatment groups, considering the averages. 
Glucose values exceeding 250 mg/dl were considered diabetic.

Experimental Groups 
Experimental groups were determined in 5 different ways:
1.	 Control (C) (n=7): A single dose of 1 cc of citrate buffer 

injected intraperitoneally.
2.	 Diabetes (D) (n=7): A single dose of 40 mg/kg streptozotocin 

dissolved in citrate buffer (0.01M, pH=4.5) was administered 
to the subjects.

3.	 Diabetes + Moss (DHS) (n=7): After diabetes was established, 
150 mg/kg of moss extract prepared for treatment was given 
to the subjects by the gavage method for three weeks.
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4.	 Diabetes + Quercetin (DQ) (n=7): Sigma-Aldrich (Q4951) 
brand Quercetin was used and 2 ml of the aqueous solution 
was prepared. After diabetes was established, 50 mg/kg of 
quercetin prepared for treatment was given to the subjects 
by the gavage method for three weeks. 

5.	 Diabetes + Moss + Quercetin (DHSQ) (n=7): Moss extract 
150 mg/kg + quercetin 50 mg/kg dose prepared for treatment 
was given to the subjects by the gavage method for three 
weeks.

Blood Glucose Measurement
Before starting the experiment, each rat's blood glucose was 
measured. Seventy-two hours after STZ administration, rat blood 
glucose levels were measured from the tail vein with a glucometer.

Method
The animal model study in our research continued for one 
month. At the end of the period, liver and pancreas tissues of rats 
anaesthetized with rompun %2 (Bayer, 10mg/kg, i.p) and ketamine 
HCL (Bionchepharma, 70 mg/kg i.p) were taken, trimmed, placed 
in tissue transport cassettes, and fixed in immunofix for 24 hours. 
The tissue samples were purified of water in the tissue by passing 
them through graded alcohol solutions, respectively; the alcohol 
in the tissues was cleaned with xylene, and the tissue samples 
were blocked in a base mold after they were kept in paraffin in 
the oven. Blocked tissue samples were cut to 3-5 microns thick 
with a microtome, placed on slides, and put in preparation boxes. 
Routine histochemical staining and immunohistochemical staining 
were performed on tissue samples taken from each subject and 
cut to 5-micron thickness.

Immunohistochemically Staining 
Tissue samples were cut with a microtome to a thickness of 5 
microns and placed in a water bath. The tissue samples were 
placed on unique slides covered with Poly L-Lysine (Thermo 
Scientific) and kept on a heating plate (Leica) at 40 °C for 1 hour 
to ensure adhesion. Serum blocking solution was used for tissue 
samples that were allocated as a negative control, polyclonal 
rabbit anti-nuclear factor-kappa B (NFκB p65, Abcam (ab16502) 
and interleukin-6 (IL-6 ab6672), Ki-67 (ab231172) were used as 
primary antibodies for other tissue samples. This procedure was 
applied separately for each antibody. It was diluted 1/50 with 
distilled water. The dilution of primary antibodies was made with 
antibody diluent reagent (Invitrogen) solution. Tissue samples 
on which NFkB, IL-6, and Ki-67 were added were incubated 
for 1 hour in a 37˚C oven. After the primary antibodies were 
poured on the tissue samples, each tissue sample was washed 
one by one with PBS three times for 3 minutes. After cleaning, 
the remaining PBS solution around each piece was removed 
with blotting paper, and biotinylated secondary antibody solution 
(LAB-SA Detection System, Histostain-Plus Bulk Kit; A solution, 
Invitrogen) was placed on the samples and left for 30 minutes. 
After the tissue samples were placed in deionized water two 
times and for 2 minutes, they were kept in Mayer's hematoxylin 
for 5 minutes for counterstaining and washed in tap water for 10 
minutes. Then, samples were passed through xylene and graded 
alcohols and covered with a coverslip using entellan (Bio Mount, 
Bio-Optica) [30].

Tunel Assay 
In determining cell death, the Terminal Transferase dUTP Nick 
End Labeling (TUNEL, ApopTag® Plus Peroxidase in Situ 
Apoptosis Kit) method allowing staining of apoptotic cells was 
used. After the deparaffinization process, the sections were washed 
first in distilled water and then with PBS solution for 3x5 minutes. 
Then, 20-µg/ml Proteinase-K diluted to 1/500 with PBS solution 
was applied for 15 minutes at room temperature. After washing 
with PBS, they were treated with 3% H2O2 for 5 minutes, then 
washed again with PBS for 3x5 minutes. The samples were kept 
at room temperature with equilibration buffer for 5 minutes and 
then kept in a humid environment at 37 °C with TdT-enzyme for 
1 hour. Next, samples were treated with Stop Wash Buffer for 10 
minutes and then with Antidioxygenin Peroxidase Conjugate for 
30 minutes and washed with PBS for 3x5 minutes. Then dyeing 
was done with DAB, and background staining was done with 
Mayer's hematoxylin. TUNEL positive cells were detected by the 
blind method, and the averages were evaluated statistically [30]. 

Evaluation of Tissue Samples and Statistics 
All stained tissue samples were evaluated under a Zeiss AXIO 
Scope 1 brand research microscope and photographed with a digital 
camera (Axio Cam ICc 3). NFκB, IL-6, and Ki-67 immunoreactive 
cells were detected using the Leica LAS V3.8 image analysis 
system. Five of the sections taken from blocks containing liver 
tissue of rats in all groups were stained, and immunoreactive cells 
were determined among these cells by counting 1000 cells on the 
stained sections.

SPSS 19 version was used for statistical evaluation of the results 
obtained with this formula. The Kruskal-Wallis Test, one of the 
non-parametric tests, was used to determine the immunoreactivity 
differences between the groups, and the difference between the 
groups was considered significant when p<0.05.

Results
Blood Glucose Levels 
Before and after the STZ administration to all subjects, blood 
glucose values were measured with a glucometer. The subjects 
belonging to the groups were given moss and quercetin for 
control, diabetes, and therapeutic purposes. When the blood 
glucose levels were evaluated, the blood glucose level of all 
groups was approximately 100 mg/dl at the beginning. There was 
no statistically significant difference in the blood glucose level of 
the control group from the beginning to the end of the experiment. 
However, the blood glucose values of the experimental groups 
were significantly higher at the beginning of the experiment (2 days 
after STZ administration) than in the control group (p<0.0001). 
After the DHS and DQ procedure, blood sugar was significant in 
the DHC group (p<0.05), in the DQ group (p<0.01), and in the 
DHCQ group (p<0.001) compared to the diabetes group (Table 
1). Biochemical parameters of insulin, glucose, MDA, SOD, 
triglyceride, and C-peptide were analyzed by an Elisa device 
using the relevant Elisa kits (Sigma Aldrich).
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Table 1. Blood glucose values of control and experimental groups
Groups/Blood glucose 
value

C D DHS DQ DHSQ

Treatment/ Before 98±2.6 404±14.21 378±18.41 476±28.68 448±20.24
Treatment/After 101±3.1 469±11.14 264±16.54 225±15.30 211±12.24

Histopathology 
In the histological staining performed with hematoxylin-eosin (H&E), no histopathological findings were found in the liver tissues 
of the rats in the control group. It was observed that the central vein and hepatocyte trailers forming the lobule were in the center 
of the classical liver lobule, as expected (Fig. 1a). Hepatocyte vacuolization characterized by intense non-alcoholic adiposity in the 
liver tissues, dilatations in the vena centralis and portal veins, infiltration of mononuclear cells in the liver parenchyma and around 
the portal areas, and increased congestion in the veins were observed in the group administered a single dose of STZ (40 mg/kg). 
Initially, a single dose of 40 mg/kg of STZ was administered to 28 rats. However, after 48 hours, hyperglycemia developed in 24 
rats, and a second repeat dose was administered to 4 rats. It was also observed that the hepatocyte series leading to spotty type 
necrosis increased (Fig. 1b). In the subjects of the group given HS for treatment, the histopathological picture was similar to the 
diabetes group but with more moderate degeneration and decreased cell loss due to vacuolization (Fig. 1c). It was determined that 
hepatocyte vacuolization and necrotic areas decreased in the subjects in the Q-treated group (Fig. 1d). However, sinusoidal dilatation 
and congestion continued. It was observed that the degeneration of the liver tissues considerably reduced in the group given Q+HS, 
and the histopathological picture progressed in the regenerative direction (Fig. 1e).

Figure 1: a Control, b STZ liver tissue, c Liver tissue with HS treatment, d Liver tissue with Q treatment, e Liver tissue with HS+Q 
treatment (CV: Central vein, long arrow: hepatocyte vacuolization, short arrow: hepatocytes with pycnotic nuclei, lightning: sinusoidal 
dilatation), H&E, X20

Immunohistochemical staining results using Ki-67, NFκB, and IL-6 antibodies were in parallel with the findings obtained for H&E 
staining. It was determined that NFκB and IL-6 immunoreactivity was quite severe in the diabetes group (Fig. 2b and Fig. 3b) and 
decreased in the treatment groups (Figs. 2c, d, e and Figs. 3c, d, e). Immunoreactivity had a mild course, especially in the group given 
Q+HS (Fig. 2e and Fig. 3e). A statistically significant difference was observed between the control and diabetes groups (p<0.0001).

There was also a significant difference between the control group and those given moss and quercetin (p<0.05). In addition, the 
intensity of immunoreactivity and the number of stained cells were less than inflammatory markers in Ki-67 immunohistochemical 
staining used to monitor regenerative activity (Fig. 4).

While reactivity was very low in the control group (Fig. 4a), regeneration in the liver was triggered due to the damage caused by 
oxidative stress in the diabetes group (Fig. 4b). It was observed that the number of Ki-67 positive cells increased. 
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Figure 2: a Control, b Diabetes, c HS treatment, d Q treatment, e HS+Q treatment group liver tissue. NFκB immunohistochemical 
staining, X20 (Arrow: Immunoreactivity)

Figure 3: a Control, b Diabetes, c HS treatment, d Q treatment, e HS+Q treatment group liver tissue. IL-6 immunohistochemical 
staining, X20 (Arrow: Immunoreactivity)
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Figure 4: a Control, b Diabetes, c HS treatment, d Q treatment, e HS+Q treatment group liver tissue. Ki-67 immunohistochemical 
staining, X20 (Arrow: Immunoreactivity)

Tunnel Findings
While the mechanism of programmed cell death usually occurs in embryonic tissues, disruption of oxidant-antioxidant balance and 
degeneration in adult tissue are essential processes that trigger apoptosis. Hepatocellular damage, especially oxidative stress, and 
inflammation lead to apoptosis of hepatocytes with released cytokines. Disruption of functional operations in tissue is one of the 
vital triggers for apoptosis. With the release of TNF-alpha from Kupffer cells, the apoptotic mechanism is activated, and hepatocytes 
enter the apoptotic process. This event does not only result in cellular death. At the same time, conditions become favorable for 
new repairs. Thus, while the liver is destroyed by apoptosis, on the one hand, events that will create rapid regeneration occur on the 
other hand. While apoptotic activity did not occur in the control group (Fig. 5a), the increase in the number of cells progressing to 
apoptosis was relatively high in the diabetes group (Fig. 5b). The number of apoptotic cells decreased in the treatment groups (Figs. 
5c and d). TUNEL positivity, which was used to mark apoptotic cells, was low especially in the HS+Q group (Fig. 5e). The number of 
TUNEL-positive cells in the groups given only moss and only quercetin was higher than in the group given both HS+Q. This means 
that administering HC (moss) extract with an agent with known antioxidant properties such as quercetin can prevent liver damage.
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Figure 5 a Control group liver tissue TUNEL staining, b Diabetes group liver tissue, c HS treatment, d Q treatment, e HS+Q treatment. 
TUNEL staining, X20 (Arrow: apoptotic cell)

In the treatment groups, hepatocyte regeneration was detected with more positivity when the rate in the HS group was compared 
with the control group (p<0.01); when the Q group was compared with the control group (p<0.001); and when Q+HS group was 
compared with the control group with statistical significance identified (p<0.0001) (Fig. 6).

Figure 6: Distribution of immunoreactivity with immunohistochemical staining and apoptotic reactivity in the TUNEL assay of 
liver tissues. C = Control, D = Diabetes, DHC = Diabetes + Moss, DQ = Diabetes+Quercetin, DHCQ = Diabetes+Moss+Quercetin

Biochemical Findings 
Catalase enzyme activity in the liver tissue of untreated diabetic rats was lower than in normal rats. Catalase levels increased 
significantly in all treatment groups compared to normal and untreated diabetic rats, showing the highest levels in the DHSQ group. 
Diabetic animals exhibited a significant reduction in SOD activity compared to controls. In diabetic animals treated with HS and Q, 
SOD activity showed a dose-dependent increase. The highest increase was observed in the HS+Q group. In addition, animals with 
diabetes-induced with STZ showed a significant decrease in serum C-peptide level compared to the control group. Serum C-peptide 
level significantly increased with HS and Q administration, with a considerable increase compared to the diabetic and normal groups. 
Meanwhile, daily co-administration of sitagliptin with quercetin normalized the serum C-peptide level. Diabetic animals exhibited a 
significant increase in serum MDA level, reaching almost two times that of normal rats. However, serum MDA levels were significantly 
lower than in the diabetic group after daily treatment with HS and Q (Table 2).
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Table 2: Biochemical analysis results
Insulin C-peptide MDA SOD IFN-γ

Control 25.56 46.12 6.83 224.12 22.14
Diabetes 15.24 28.54 13.2 148.42 30.06
Diabetes+HS 20.72 38.42 9.25 180.24 28.54
Diabetes+Quercetin 22.31 42.65 8.05 189.24 27.79
Diabetes+ HS+ 
Quercetin

22.84 44.81 6.63 202.47 25.53

Discussion
DM is a metabolic disease characterized by the permanent 
destruction of pancreatic beta cells. This destruction causes 
degranulation and a decrease in insulin secretion [31]. This study 
aimed to evaluate the antioxidant and anti-inflammatory properties 
of moss and quercetin administered orally for treatment, and the 
effects on the liver under light microscopy in rats with diabetes 
induced by STZ, including the changes in histopathological and 
biochemical parameters in the literature. In addition, the aim was 
to provide a different perspective on diabetes with the combined 
treatment option and to reveal alternative herbal products that will 
be more effective and have nutritional and medicinal properties 
that will enrich the quality of life of diabetes patients. There is 
no study investigating the histological and biochemical effects 
of STZ on the liver in rats with diabetes previously induced. 
This study showed that high blood glucose levels, dyslipidemia, 
inflammation in the liver, and apoptosis could be prevented. The 
effects of diabetes on the liver include ultrastructural changes such 
as hypertrophy of hepatocytes and the appearance of autophagic 
vacuoles. The hepatocyte nucleus is usually enlarged, sometimes 
with irregular contours and an appearance containing intranuclear 
inclusions. In the diabetic group, cytoplasmic changes are observed 
as decreased glycogen granules and an underdeveloped rough 
endoplasmic reticulum [32]. In our study, diffuse degeneration 
due to vacuolization and necrosis was observed in hepatocytes of 
diabetic rats under light microscopy. No increase in perisinusoidal 
fibrous and collagenous material was observed in any group. In a 
previous study, it was reported that fibrosis was observed in the 
diabetic liver. However, some authors claimed that fibrosis in the 
diabetic liver is not directly related to diabetes but due to liver 
vascular anomalies and genetic predisposition in the studied rat 
lineage [32]. Fibrosis was not observed in the liver findings in 
our study. When the degenerative picture in which cytoplasmic 
vacuolization became widespread is examined, it was in parallel 
with the results reported in other studies.

In the present study, diabetic rats exhibited a significant increase 
in blood glucose with a substantial decrease in serum levels of 
C-peptide. The combination of moss and quercetin returned these 
parameters to average values, reflecting its potential effect on 
glucose homeostasis. The administration of moss alone caused 
a significant decrease in glucose level, while the C-peptide 
level significantly increased. When quercetin was given alone, 
it produced a considerable effect, as shown by the reduction 
in glucose level and the increase in serum levels of C-peptide 
[11]. This effect may be related to improving whole-body insulin 
sensitivity by increasing the expression and phosphorylation of 
glucose transport-4 and insulin receptors and substrate [12]. 
Quercetin also increases blood glucose uptake by hepatic cells 
by activating hexokinase and adenosine monophosphate-activated 
protein kinase [13]. In addition, quercetin was reported to lower 
blood sugar by increasing the proliferation of pancreatic β-cells 
in STZ-induced diabetic rats [34].

Plants and compounds isolated from plants are effective in 
controlling DM complications. This study showed that quercetin 
and moss extract, which are plant-derived compounds, have a 
synergistic antidiabetic effect in diabetes by improving glucose 
metabolism enzymes. Overall, STZ is considered an optimal 
model for inducing diabetes in animals. STZ induces diabetes 
by a mechanism involving its depletion by pancreatic beta 
cells, producing excessive ROS that leads to diabetic symptoms 
such as hyperlipidemia and hyperglycemia [35]. Therefore, we 
used this model to develop DM in Wistar rats. To overcome the 
hyperglycemic effect in rats, they were treated with 50 mg/kg Q 
and 100 mg/kg HS doses. The treatment doses were determined 
based on body mass index and the available literature about both 
compounds. The compounds were therapeutically effective at 
reducing the hyperglycemic effect in STZ-induced diabetic rats. 
Noted that quercetin could reduce hyperglycemia of pancreatic 
islets to release enough insulin. It is known to strengthen the 
pancreatic islets of Langerhans to produce flavonoids, insulin, 
and glucagon and secrete them into the bloodstream [36].

The liver is a central metabolic organ and is exposed to reactive 
oxygen species formed due to oxidative damage caused by 
diabetes. For this reason, it was suggested that apoptosis occurs 
in hepatocytes and endothelial cells [37]. In diabetes studies 
using STZ, necrosis in hepatocytes, inflammatory cell infiltration, 
lipidosis, dilatation in sinusoids , and disorders in portal spaces 
are reported findings. In the present study, similar results were 
observed in rats in the diabetes group. These findings significantly 
reduced with treatment using moss and quercetin [38]. 

In a study administering quercetin to male rats with experimental 
diabetes mellitus induced with STZ, quercetin played a stabilizing 
role in blood sugar control [19]. In another study examining the 
effect of quercetin on protein and lipid damage in experimental 
diabetic rats, quercetin did not have a practical protective feature 
against protein damage caused by DM but had a protective role 
against lipid peroxidation. In a study administering quercetin to 
rats, it prevented the formation of free oxygen radicals in cells and 
protected against lipid peroxidation [20]. In addition to studies that 
reporting that quercetin administration inhibited lipid peroxidation, 
there are also studies reporting it reduced lipid peroxidation in 
human lymphocytes [21].
 
Studies showed that low-grade inflammation is associated with an 
increased risk of developing type 2 diabetes mellitus. In addition, 
chronic subclinical inflammation is a factor in the development 
of insulin resistance, a vital feature of metabolic syndrome [3, 
39]. Throughout a trial, Wong et al. studied the effect on the 
regulation of glucose metabolism and body weight by feeding 
IFN-γ-deficient mice with standard low-fat mouse chow and 
observed reduced body weight was associated with negative 
energy balance, glucose tolerance, and hepatic insulin sensitivity 
in mice. The researchers stated that IFN-γ plays a vital role in 
regulating glucose metabolism and weight gain [5]. Obese IFN-
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γ-knockout mice were found to exhibit milder insulin resistance, 
reduced adipocyte size, M2-related cytokine expression in adipose 
tissue compared to healthy mice, and IFN-γ was associated with 
glucose homeostasis, adipogenesis, and cytokine expression in 
adipose tissue [4]. These studies show that the IFN-γ level, which 
is essential in terms of glucose tolerance and hepatic insulin 
sensitivity, was significantly different between the diabetic 
group in our research and the treatment groups. IFN-γ, which 
was highest in the diabetes group, decreased in the HS+Q group. 
The survey conducted by Pradhan et al. showed that increased 
inflammatory biomarkers are associated with the development of 
type 2 diabetes and insulin resistance [6]. Although the mechanism 
by which chronic inflammation stimulates the development of 
type 2 diabetes mellitus is not fully understood, it was shown 
that adipose tissue can synthesize tumor necrosis factors, major 
proinflammatory cytokines such as interleukin-1, and interleukin-6 
and that the inflammatory process is associated with biomarkers for 
body fat mass. This suggests that activated innate immunity and 
inflammation are essential biological factors in the pathogenesis of 
diabetes mellitus and complications of type 2 diabetes mellitus [7]. 
Pitsavos et al. recruited 3042 subjects (1514 men and 1528 women) 
in a randomized controlled trial to investigate the survival impact 
of type 2 diabetes inflammatory biomarkers. The authors reported 
an association between low-grade markers of inflammation and 
glycemic control parameters, independent of demographic, 
clinical, and lifestyle indices such as dietary factors. 

Type 2 diabetes is associated with impaired glucose tolerance 
due to insulin resistance; concomitant islet beta-cell damage 
can lead to insulin deficiency, affecting glucose utilization by 
skeletal muscle, liver, and adipose tissues [9]. Therefore, impaired 
glucose tolerance and other factors such as genetic predisposition, 
environmental characteristics, diet, physical inactivity, and obesity 
contribute significantly to the progression of insulin resistance 
and the development of type 2 diabetes [6, 7, 10].

Studies on the level of 8-hydroxy-deoxyguanosine-modified 
proteins in GK-rats and Tucker diabetic rats, respectively, showed 
that hyperglycemia was the main potential factor for oxidative 
stress in pancreatic beta cells, and glucose-induced oxidative stress 
explained the mechanism behind glucotoxicity [40]. In our study, 
hyperglycemia was observed in diabetic rats. It manifested itself 
with an almost 4-fold significant increase in serum blood glucose 
level compared to the control group. The treatment groups with 
daily HS and Q had significantly lowered serum glucose levels. 
Co-administration of both agents significantly normalized the 
serum glucose level compared to the diabetic group. In addition, 
STZ-induced animals showed a significant decrease in serum 
C-peptide level compared to the control group. Serum C-peptide 
level significantly increased with HS and Q administration and 
there was a considerable increase compared to the diabetic and 
normal groups. Meanwhile, daily co-administration of sitagliptin 
with quercetin normalized the serum C-peptide level.

As can be seen, much experimental evidence highlights a direct link 
between oxidative stress and diabetes through the measurement of 
oxidative stress biomarkers in both diabetic patients and rodents. 
In our study too, diabetic animals exhibited a significant increase 
in serum MDA level, which reached almost twice that of normal 
rats. After daily treatment with HS and Q, serum MDA level was 
significantly lower than in the diabetic group. When MDA level 
was compared with the diabetic group, it approached normal when 
both agents were administered together. Catalase enzyme activity 
in the liver tissue of untreated diabetic rats was lower than in 
normal rats. Catalase levels increased significantly in all treatment 

groups compared to normal and untreated diabetic rats, showing 
the highest levels in the DHSQ group. Diabetic animals exhibited 
a significant reduction in SOD activity compared to controls. In 
diabetic animals treated with HS and Q, SOD activity showed a 
dose-dependent increase. The highest increase was observed in 
the HS+Q group.

Our study showed that taking moss extract together with an agent 
with known antioxidant properties such as quercetin can prevent 
liver damage. These results may shed light on the prevention of 
the third leading indication for liver transplantation in the USA of 
cryptogenic cirrhosis, the most common cause of which is diabetes.

A study on the relationship between inflammation, oxidative stress, 
and type 2 diabetes suggested that controlling inflammation and 
oxidative stress is necessary to accelerate the treatment process 
and prevent diabetic complications [37]. Again, were more precise 
about the type of evolution of diabetes [6]. Specifically, the authors 
reported conversion from a metabolic disorder to an inflammatory 
state. These studies show that blood glucose levels, oxidative 
stress, and inflammatory cytokines play a significant role in type 
2 diabetes and liver damage diabetes. As can be understood from 
all these studies, hyperglycemia increases the production of free 
radicals resulting in oxidative stress. Increases in oxidative stress 
are known to contribute to the development and progression of 
hepatic complications in diabetes. Evidence supporting the role 
of inflammation in type-2 diabetes is increasingly being found 
in studies. Inflammatory cells and cytokines are involved in the 
pathogenesis of diabetic complications through increased vascular 
inflammation and fibrosis. Although the causes of increased 
inflammation in diabetes are still being investigated, reactive 
oxygen species were shown to be primary candidates. Therefore, 
we believe that targeting oxidative stress and inflammatory 
cytokine signaling may improve therapeutic options for diabetes 
and diabetic complications.

Conclusions
In this study, findings with implications for new combined therapy 
for diabetes mellitus are presented. For the first time, moss and 
quercetin were used in an in vivo study. As a result, the antioxidant, 
and anti-inflammatory properties of moss, which is one of the 
agents selected for protective purposes, were revealed for the first 
time. Furthermore, it was observed that glucose homeostasis can 
be normalized with the combination of moss and quercetin, and 
lipid profile and inflammation act retroactively with increased 
antioxidant power.
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