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ABSTRACT: Diabetes mellitus is a chronic disease characterized by decreased insulin synthesis and/or increased blood 
glucose due to insulin resistance. In this study, streptozotocin (STZ)-induced diabetic rats were evaluated and it was 
aimed to investigate the protective effects of Origanum onites L. (OO) against possible changes in these parameters. Male 
Sprague-Dawley rats weighing 300-400g were divided into three groups control (C), diabetes mellitus (DM) and 
diabetes mellitus + OO (OO group). DM was induced by administration of STZ 60 mg/kg dose intraperitoneally (i.p.) 
after 48 hours, rats with blood glucose values higher than 200 mg/dL were considered DM. Origanum extract was 
administered i.p. to the OO group at 50 mg/kg per day for 6 weeks. Serum AST, ALT, creatinine, and inflammatory 
cytokine levels were measured. MDA and GSH levels were measured in liver tissues. AST, ALT, creatinine, and MDA 
levels were found to be increased in the DM group, while a significant decrease in these levels was observed in the 
treated group. While GSH values fell in the DM group, a significant increase occurred in the OO group (n=6, p<0.0001; 
two-way ANOVA). When the plasma levels of cytokines were examined, an increase was observed in the DM group 
and a significant decrease was observed in the OO group. When we evaluate our findings, we think that OO has a 
protective effect against complications that may occur in DM by preventing oxidant damage and inflammation. Further 
studies are needed on the protective effects of OO in DM. 
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 1.  INTRODUCTION 

Diabetes mellitus (DM) affects approximately 387 million people worldwide and its prevalence is 
estimated to double during the next 20 years involving more than half a billion people. The actual cost of DM 
is evaluated in terms of both a financial burden and human distress, with multiple complications of the disease 
rather than the daily care being associated with the actual cost related to DM (1). Both insulin deficiency 
resulting from autoimmune destruction of beta cells in the pancreas and insulin resistance resulting from 
metabolic disorders are important pathological processes that play a role in the development of DM (2). 
Chronic hyperglycemia, which is the main clinical and diagnostic feature of DM, causes complications related 
to loss of function and organ failure because of long-term damage to various organs, especially the nervous 
system, cardiovascular system, urinary system, and eyes (3). The progression of these complications in DM 
impairs the quality of life and increases the incidence of mortality and morbidity. Microvascular, 
macrovascular, and neurological complications that developed because of DM have different progression 
mechanisms (4). 

The development of potent antidiabetic drugs such as insulin, oral antidiabetics (sulfonylureas, 
biguanides, thiazolidinediones, incretin mimetics, dipeptidyl peptidase-4 inhibitors, and sodium-dependent 
glucose transporter-2 inhibitors) and aldose reductase inhibitors together with controlling hyperglycemia has 
significantly reduced rates of mortality and acute complications related to the disease (5). However, since 
current drugs can not completely prevent chronic complications of DM, the reported toxic side effects found 
in some of these pharmaceutical treatments and considering the development of tolerance due to long-term 
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use of these drugs leads to the need for further clinical studies. In addition, there is expanding argument on 
the effect of the use of medical herbal supplements for DM prevention and management (6). 

Worldwide, between 50.000 and 80.000 flowering plants are used medicinally. The number of medical 
plants being grown in Türkiye is around 12.000. Origanum species are used in traditional medicine for the 
treatment of various diseases. The genus Origanum L. (Lamiaceae) consists of 43 species and 18 hybrids, most 
of which are distributed throughout the Eastern Mediterranean region. Origanum species growing in Türkiye 
have gained great commercial importance in the world markets in recent years. Especially, Origanum onites L. 
(OO) is preferred due to its high quality (7). 

Natural antioxidants are thought to be beneficial agents in the prevention of different diseases. Many 
studies have shown that phenolic compounds in plant essential oils exhibit antioxidant activity due to their 
free radical scavenging capacity. Many types of Origanum species have shown a high phenolic content in their 
essential oils. The main compounds of the essential oil of OO, as seen in many plant oils, are carvacrol (71.22%) 
and thymol (5.97%). Carvacrol (2-methyl-5-(1-methylethyl) phenol), a cyclic monoterpene, is a component of 
thyme essential oil (8). Many studies have indicated the effect of oxidative processes in the development of 
DM complications. Therefore, the investigation of novel pathogenic factors and targetable signal transduction 
pathways that mediate secondary complications of DM is critical for the development of new therapies and 
the improvement of disease outcomes. In our study, we aimed to investigate the protective effects of endemic 
OO extracts in the damage caused by hyperglycemia-induced production of free oxygen radicals on liver and 
kidney tissues. 

2. RESULTS  

2.1. Effects of Origanum onites on body weight and blood glucose 

The effects of OO on body weight and blood glucose are shown in figure 1. The animals of similar body 
weights were used for the experiment. While no weight loss was observed in the control and OO groups, 
significant weight loss was observed in the DM group (Fig. 1a). At the end of the study, diabetic rats lost 40% 
of their body weight, whereas diabetic rats treated with OO lost only 12%. At the end of the study, diabetic 
rats lost 40% of their body weight, whereas diabetic rats treated with OO lost only 12%. At the end of 3 weeks, 
there was a 6% decrease in blood glucose levels in the group treated with OO, while there was no change in 
blood glucose levels in the untreated group. 

 

Figure 1. Effect of Origanum onites on (a) body weight (g) and (b) blood glucose levels of diabetic animals. The value 
of each group (n=6) was given as mean ± standard error. Data analysis was performed using two-way ANOVA 
and Bonferroni test. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 compared to the control group. 

2.2. Effect of Origanum onites on serum ALT, AST, and creatinine levels 

While an increase was observed in ALT and AST levels in rats in the DM group, a significant decrease 
was observed in the OO group compared to the DM group (p<0.0001) (Fig. 2a and b). Plasma creatinine 
concentration is entirely stable and because of this, high creatinine levels are represented by problems in 
kidney function. There had an increase in creatinine levels in rats in the DM group, and a significant decrease 
was found in the OO group compared to the DM group (p<0.0001) (Fig. 2c). 
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Figure 2. Effect of Origanum onites on serum (a) ALT, (b) AST, and (c) creatine levels of diabetic animals. The value 
of each group (n=6) was given as mean ± standard error. Data analysis was performed using two-way ANOVA 
and Bonferroni test. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 compared to the control group. 

2.3. Effect of Origanum onites on liver GSH and MDA levels 

Oxidative damage can be measured by GSH and MDA experiments (Fig. 3). In this context, the levels 
of GSH and MDA in the liver were investigated. In the GSH measurements made in the liver, a significant 
increase was observed in the OO group compared to the DM group (p<0.0001). In MDA measurements, there 
was a significant decrease in liver tissue in the treatment group compared to the DM group (p<0.01). 

 

Figure 3. Effect of Origanum onites on liver (a) GSH and (b) MDA levels of diabetic animals. The value of each group 
(n=6) was given as mean ± standard error. Data analysis was performed using two-way ANOVA and Bonferroni 
test. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 compared to the control group. 

2.4. Effect of Origanum onites on serum IL-1ß, IL-10, IL-6, IL-17, IL-4, IL-12, and IFN- γ levels 

Interleukin-1β (IL-1β) is a potent proinflammatory cytokine that is crucial for host defence responses in 
the event of infection and injury (9). A significant decrease was observed in the OO group compared to the 
DM group in IL-1β measurements made in the plasma (p<0.0001) (Fig. 4a). On the other hand, interleukin-10 
(IL-10), an anti-inflammatory cytokine, has been suggested to play a protective role in DM. IL-10 is a Th2-type 
cytokine produced by a wide variety of immunological cell types, including monocytes/macrophages, and is 
a potent inhibitor of proinflammatory cytokines and chemokines (10, 11). In our results, IL-10 measurements 
in plasma showed a significant increase in the OO group compared to those in the DM group (p<0.0001) (Fig. 
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4b). In the IL-6, IL-17, IL-4, and IL-12 measurements made in the plasma, a significant decrease was observed 
in the OO group compared to the DM group (p<0.0001) (Fig. 4c, d, e, and f). The associated studies indicate 
that interferon‐γ (IFN‐γ) is a cytokine expressed by T lymphocytes (12). As well as, IFN-γ measurements in 
plasma showed a significant decrease in the OO group compared to those in the DM group (p<0.0001) (Fig. 
4g).  

 

Figure 4. Effect of Origanum onites on serum IL-1ß, IL-10, IL-6, IL-17, IL-4, IL-12, and IFN- γ levels of diabetic 
animals. The value of each group (n=6) was given as mean ± standard error. Data analysis was performed using 
two-way ANOVA and Bonferroni test. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 compared to the control group.  
 

3. DISCUSSION 

DM is a heterogeneous metabolic disorder characterized by hyperglycemia resulting from a complete 
or partial deficiency of insulin production (13). Chronic hyperglycemia due to DM is associated with long-
term damage, dysfunction, and failure of various organs, especially the eyes, kidneys, nerves, heart, and blood 
vessels (14). 

Biochemical disorders developed as a result of chronic hyperglycemia and oxidative stress may play a 
role in the symptoms and progression of the disease. Oxidative stress in cells and tissues results from the 
increased generation of reactive oxygen species (ROS) and/or decreased antioxidant defence mechanisms. In 
particular, various hypotheses such as polyol pathway activation, the activation of DAG/PKC, the creation of 
advanced glycation end-product (AGE), and hexosamine pathway activation has been put forward to explain 
the increase in the formation of free radicals in DM (13, 15). 

Endothelial dysfunction develops because of long-term exposure to oxidative stress in DM, and as a 
result, serious complications that affect different organ systems occur. DM-related complications, including 
cardiovascular diseases, kidney diseases, neuropathy, blindness, and lower extremity amputation, are a major 
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cause of increased morbidity and mortality among people with DM and place a heavy economic burden on 
the healthcare system (16). 

Insulin resistance and β-cell dysfunction are two major components of type-2 DM pathology. β-cell 
dysfunction begins to occur even before impaired glucose tolerance appears. Histological characteristic 
changes of inflammation such as immune cell infiltration, amyloid deposition, cell death, and fibrosis which 
occur in the islets of Langerhans in type-2 DM patient subjects indicate the association of inflammation in β-
cell dysfunction (17).  

Cytokines have divided into two groups: pro-inflammatory (e. g. IL-1, IL-6, TNF-α, TGF-γ) and anti-
inflammatory (e.g., IL-1Ra, IL-4, IL-10, IL-13) cytokines. Cytokine-mediated pro-inflammatory effects can be 
inhibited by anti-inflammatory cytokines or receptor-specific antagonists. A balance between pro- and anti-
inflammatory cytokines observes in many diseases (18). 

In type-1 DM, loss of β-cell mass in the pancreatic islets of Langerhans causes insufficient insulin 
secretion and hyperglycemia. Proinflammatory cytokines, especially IL-1β, are believed to be an immune-
mediated process that plays an important role in the pathogenesis of the disease. In addition, the association 
of IL-1β in type-2 DM has also been determined. Under in vitro conditions, the increase of IL-1β or interferon 
(IFN)-γ and/or TNF-α alone in insulin-secreting cells (pancreatic islets) leads to cell death by impairing β-cell 
function and inducing apoptosis. Similarly, it was reported that increased IL-1 impairs insulin secretion and 
triggers β-cell apoptosis as well. These results suggested the contribution of not only β cell dysfunction but 
also the decrease in β cell mass in the development of type-2 DM caused by increasing β cell apoptosis (19). 
Natural antioxidants are thought to be beneficial agents in the prevention of different diseases. Many studies 
have suggested antioxidant activity of phenolic compounds found in plant essential oils thanks to their free 
radical scavenging capacity (20). Many Origanum species have shown a high phenolic content in their essential 
oils. Essential oils, which are lipophilic, can exert their effects by crossing the plasma membrane and 
interacting with intracellular proteins and/or organellar. Monoterpenes, on the other hand, are highly 
hydrophobic substances found in plant essential oils (7). 

The main compounds of the essential oil of OO include carvacrol (71.22%) and thymol (5.97%). 
Carvacrol (2-methyl-5-(1-methylethyl) phenol), a cyclic monoterpene, is a component of thyme essential oil. 
Its use in flavoring and as an antibacterial or antifungal agent in food preservation methods has attracted the 
attention of researchers. Thymol (5-methyl-2-(1-methylethyl) phenol) is an isomer of carvacrol having the 
hydroxyl group at a different position on the phenolic ring. The hydrophobic nature of carvacrol and thymol 
allows them to react with the lipids of the cell membrane and mitochondria, resulting in leakage of cell 
components (8). 

Origanum species have a wide range of medical uses that include secretolytic, bronchospasmolytic, 
and antimicrobial effects, in addition to their stomachic, analgesic, and carminative effect due to the relaxing 
effect on smooth muscles. Essential oils of these species have also antiseptic, antimicrobial, antiviral, and 
insecticidal effects. There are many preparations containing essential oils of Origanum majorana applied as 
internal or external treatments for medical, cosmetics and aromatherapy purposes (21). Moreover, they have 
been known for their powerful antioxidant efficacy that attracted the attention of many researchers in recent 
years (22). 

In this study, we aimed to investigate the effect of OO in the treatment of streptozotocin-induced 
diabetes in rats. 'Evaluating of changes in rats' weight after 6 weeks from the beginning of the study showed 
no change in the C group, a 12% reduction in body weight of the diabetic rats treated with OO and a 40% 
reduction of the body weight of DM group. Blood glucose levels were increased in diabetic rats and decreased 
in OO group. 

In our study, serum levels of Aspartate Aminotransferase (AST), Alanine Aminotransferase (ALT), 
Creatinine, IL-1ß, IL-10, IL-6, IL-17, IL-4, IL-12 and IFN-γ were measured. Malondialdehyde (MDA) and 
Glutathione (GSH) values were measured in liver tissues. AST, ALT, and creatinine levels were decreased in 
the OO group.  

In order to examine the inflammatory response, cytokine amount analysis was performed in the 
serum, and the pro-inflammatory levels of IL-1ß, IL-6, IL-17, IL-12, and IFN-γ were decreased in the treated 
group. In addition, serum levels of IL-10 and IL-4, which are anti-inflammatory cytokines secreted in response 
to chronic inflammation, were examined. The results showed an increase in serum levels of IL-10 and a 
decrease in IL-4 levels in the OO group. 

DM is often associated with liver dysfunction that leads to abnormal hepatic lipid accumulation, 
known as non-alcoholic fatty liver disease (NAFLD). Numerous clinical studies have shown that ROS may 
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contribute to the progression of liver fibrosis and cirrhosis after linking diabetes with NAFLD. Therefore, end-
stage liver diseases represent an important cause of mortality in diabetic patients (23). 

A study about the effect of OO oil on tissue damage, glycemia, and hematological changes in a 
streptozotocin-induced DM model showed that the application of essential oil did not cause any decrease in 
blood glucose level in streptozotocin-induced DM rats, while it caused significant reductions in AST, ALT, 
creatinine, urea, and cholesterol levels. As a result, it was suggested that long-term use of essential oils may 
be effective in preventing or at least delaying the development of some complications of DM (24, 25). Similarly, 
the application of essential oils, alcohol extract and aqueous extract of Origanum majorana significantly reduced 
AST, ALT, creatinine, and urea levels in acetate-induced liver damage in mice (26).  

ALT and AST are markers of attack against hepatocytes and are crucial indicators of increased liver 
inflammation in the identification of liver disorders. In agreement with the results of many studies, our results 
showed that serum levels of ALT, AST and creatinine were increased in DM group, while a significant decrease 
of these levels was observed in the treated group. Our results indicate that OO by reducing inflammation may 
have a protective effect on tissue damage. 

In our study, GSH and MDA measurements made in liver tissue showed a significant increase of GSH 
and a significant decrease in MDA levels in the OO group compared to the DM group. While MDA 
determination is an important indicator of lipid peroxidation, GSH levels are usually checked in response to 
oxidative stress in the body. In this context, changes in GSH and MDA levels in both liver tissue after treatment 
with OO indicate an antioxidant efficacy. 

Inflammatory mechanisms have been suggested to play a critical role in the processes/ progression of 
type-1 DM and type-2 DM. Cytokines play an important role in the autoimmune factors involved in the onset 
and maintenance of type-1 DM. Even low levels of inflammation seen in beginnings during the development 
of type-2 DM tend to damage β cells in the pancreas in the long term. It was reported that treatment with 
origanum extract decreased the synthesis of the proinflammatory cytokines TNF-α, IL-1β and IL-6 but 
increased the production of the anti-inflammatory cytokine IL-10. These results indicate the anti-inflammatory 
effect of thyme extracts and their compounds (22). 

In a study on non-obese diabetic (NOD) mice whose T cells produce relatively low amounts of IL-4, 
administration of recombinant interleukin-4 (rIL-4) has shown to slow down the development of diabetes in 
this model. 

IL-6 plays a role in acute and chronic inflammation by interacting with various inflammatory 
responses. Depending on the nature or site of inflammation, IL-6 increases the production of acute phase 
proteins in response to stimuli. Irregular production of IL-6 typically found in tissues leads to low-grade 
inflammation that is strongly associated with many types of inflammatory diseases. Some studies have shown 
that IL-6 inhibits glucose-stimulated insulin secretion from pancreatic islets in experimental animal models, 
while other studies have shown that acute exposure to IL-6 does not affect the normal function of pancreatic 
islets. Recent in vitro studies have shown that IL-6 potentiates IL-1-induced NO synthesis in rats. In addition, 
in NOD mice, overexpression of IL-6 in islets has also been associated with the destruction of β-cells in 
pancreatic islets (27). 

In human DM studies, IL10 “low sensitivity” or “IL10 resistance” in immune cells and macrophages 
has been detected (28). Interleukin IL-12 is known to induce Th1-cell differentiation and cytokine production. 
A link between type-1 DM and IL-12 has been suggested in NOD mice, BB rats, and humans. In addition, a 
correlation between IL-12 expression and destruction of insulin-producing cells and disease progression has 
been reported in NOD mice. Administration of IL-12 to young NOD mice has been shown to accelerate the 
development of diabetes by decreasing IL-4 production while increasing interferon-γ (IFN-γ) production (29). 
In parallel with the studies performed, in our study, measuring of serum cytokine levels of the OO group 
indicated that pro-inflammatory levels of IL-1ß, IL-6, IL-17, IL-12 and IFN-γ were decreased. In addition, 
serum levels of IL-10 and IL-4, which are anti-inflammatory cytokines secreted in response to chronic 
inflammation, showed an increase in IL-10 and a decrease in IL-4 levels in the OO group. Positive effects of 
OO seen on pro-inflammatory and anti-inflammatory cytokines makes us think that it can prevent β-cell loss 
by reducing inflammation and thus, slowing the progression of DM. Findings obtained from our study 
together with the results from many previous literatures indicate that OO had a protective effect on oxidative 
stress-induced tissue damage thanks to its antioxidant effect. Thus, its use as a supportive treatment should 
be considered. More studies are needed for better understanding of the protective effects of Origanum species 
in diabetes and to prevent or reduce organ or tissue damage that may occur in long term treatment. 
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4. CONCLUSION 

In this study, we aimed to investigate the effect of OO in the treatment of streptozotocin-induced 
diabetes in rats. We concluded that OO had a protective effect on oxidative stress-induced tissue damage due 
to its antioxidant effect. According to the findings obtained, the OO group decreased the levels of IL-1ß, IL-6, 
IL-17, IL-12 and IFN-γ. In addition, serum levels of IL-10 and IL-4, which are anti-inflammatory cytokines 
secreted in response to chronic inflammation, showed an increase in IL-10 and a decrease in IL-4 levels in the 
OO group. Positive effects of OO seen on pro-inflammatory and anti-inflammatory cytokines makes us think 
that it can prevent β-cell loss by reducing inflammation and thus, slowing the progression of DM.   

5. MATERIALS AND METHODS 

5.1. Preparation of plant material and extracts 

The above-ground parts of the endemic OO, whose protective effects we have investigated in the tissue 
damage in DM, were dusted and 15 g was weighed on a precision balance and left to maceration with EtOH 
(ethyl alcohol) at room temperature, the process was continued until the solvent became colorless. The solvent 
was evaporated in a rotary evaporator at a temperature not exceeding 50°C, and the remaining volatile solvent 
was dried on the hot plate until it evaporated. The obtained extracts were stored in the refrigerator at +4°C to 
be used in the analysis. 

5.2. Animals 

Male Sprague-Dawley (SD) rats (300–400 g) were housed in a room at a constant temperature of 
(25±2°C), with 12-h light/dark cycles, and fed on standard pellet chow and water ad libitum. The study was 
approved by the Marmara University, School of Medicine, Animal Care and Use Committee (020.2016.mar). 

5.3. Experimental groups 

Origanum extract was administered to rats intraperitoneally (i.p.) was applied as 24 rats were divided 
into 3 groups (n=8 per group); saline (10 ml/kg i.p.) was given to healthy rats in the Control Group (C). In the 
second group, rats whose blood glucose level was above 200 mg/dl after 48 hours of STZ administration, were 
given 10 ml/kg saline i.p. daily for 6 weeks. In the third group, rats whose blood glucose level was above 200 
mg/dl 48 hours after STZ administration, were given 50 mg/kg OO extract dissolved in water i.p. daily for 6 
weeks. Hyperglycemia was confirmed by measuring blood glucose levels using a glucometer 48 h after 
streptozotocin administration. Rats with blood glucose levels of 200 mg/dl were considered diabetic. After six 
weeks, blood glucose values were measured using a glucometer. 

5.4. Diabetes induction with STZ administration 

Streptozotocin (STZ) i.p. at a dose of 60 mg/kg (dissolved in 0.1 M citrate buffer, pH adjusted to 4.5) 
was administered to rats to induce diabetes. Blood samples were taken by tail-cutting method after 48 hours 
of administrating STZ injection. Fasting blood glucose was measured with a glucometer, and rats with fasting 
blood glucose values higher than 200 mg/dL (11.1 mmol/L) were considered as diabetic and included in the 
experiment. 

5.5. Biochemical assays  

Biochemical analyzes were performed from blood samples taken from the heart under light ether 
anesthesia and from liver tissues after decapitation. Part of the tissue was stored at -80°C for the measurement 
of glutathione activity and lipid peroxidation (malondialdehyde levels). 

Blood samples were taken from the heart under light ether anesthesia before decapitation, then kidney 
and liver tissues were removed. Malondialdehyde (MDA) and glutathione (GSH) measurements were made 
in some of the tissue samples in order to examine the oxidant damage. MDA levels were measured by the 
Buege method, while GSH levels were determined by the Ellman method. In serum samples, creatinine was 
measured to examine kidney functions, while ALT and AST were measured to test liver functions. 
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Serum levels of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were measured 
using ELISA (Enzyme-Linked Immunosorbent Assay) kits to examine the liver function and to identify liver 
tissue damage. And also, serum levels of IL-1ß, IL-10, IL-4, IL-4, and IL-12 were measured using ELISA kits to 
investigate the anti-oxidant effects of OO. 

5.6. Statistical analysis 

All data of this study are expressed as mean ± S.E.M. P-value <0.05 is considered statistically significant. 
Values and calculations were performed using the computer statistical program Graphpad prism 6.0 
(GraphPad Software, San Diego; CA; USA). Statistical analysis was performed using one-way analysis of 
variance (ANOVA) followed by Tukey and Bonferroni tests. 

Acknowledgements: This study was financially supported by Marmara University Scientific Research Projects 
Committee (Project number: SAG-C-DRP-120917-0504). 

Author contributions: Concept – O.A.; Design – O.A., H.K.E., T.T.; Supervision – H.K.E.; Resources – E.B.P.; Materials 
– L.B.; Data Collection and/or Processing – O.A.; Analysis and/or Interpretation –O.A., H.K.E.; Literature Search – 
E.B.P., K.A.; Writing – E.B.P., K.A.; Critical Reviews – H.K.E. 

Conflict of interest statement: The authors declared no conflict of interest. 

REFERENCES    

[1] Tao Z, Shi A, Zhao J. Epidemiological Perspectives of Diabetes. Cell Biochem Biophys. 2015; 73(1): 181-5.  

[CrossRef]  

[2]   Cole JB, Florez JC. Genetics of diabetes mellitus and diabetes complications. Nat Rev Nephrol. 2020; 16(7): 377-90. 
[CrossRef] 

[3] Iminger-Finger I, Kargul J, Laurent GJ. Diabetes: Present and future. Int J Biochem Cell Biol. 2017; 88: 196. [CrossRef] 

[4] Ando K, Fujita T. Metabolic syndrome and oxidative stress. Free Radic Biol Med. 2009; 47(3): 213-8. [CrossRef]  

[5] Tan SY, Mei Wong JL, Sim YJ, Wong SS, Mohamed Elhassan SA, Tan SH, et al. Type 1 and 2 diabetes mellitus: A 
review on current treatment approach and gene therapy as potential intervention. Diabetes Metab Syndr. 2019; 13(1): 
364-72. [CrossRef]  

[6] Pivari F, Mingione A, Brasacchio C, Soldati L. Curcumin and Type 2 Diabetes Mellitus: Prevention and Treatment. 
Nutrients. 2019; 11(8). [CrossRef] 

[7] Ozdemir N, Ozgen Y, Kiralan M, Bayrak A, Arslan N, Ramadan MF. Effect of different drying methods on the 
essential oil yield, composition and antioxidant activity of Origanum vulgare L. and Origanum onites L. Journal of 
Food Measurement and Characterization. 2018; 12(2): 820-5. [CrossRef] 

[8] Altintas A, Tabanca N, Tyihák E, Ott PG, Móricz AM, Mincsovics E, et al. Characterization of volatile constituents 
from Origanum onites and their antifungal and antibacterial activity. J AOAC Int. 2013; 96(6): 1200-8. [CrossRef] 

[9] Karstoft K, Pedersen BK. Exercise and type 2 diabetes: focus on metabolism and inflammation. Immunol Cell Biol. 
2016; 94(2): 146-50. [CrossRef] 

[10] Neumann C, Scheffold A, Rutz S. Functions and regulation of T cell-derived interleukin-10. Semin Immunol. 2019; 
44: 101344. [CrossRef] 

[11] Schwarz S, Mrosewski I, Silawal S, Schulze-Tanzil G. The interrelation of osteoarthritis and diabetes mellitus: 
considering the potential role of interleukin-10 and in vitro models for further analysis. Inflamm Res. 2018; 67(4): 285-
300. [CrossRef] 

http://dx.doi.org/10.29228/jrp.278
https://doi.org/10.1007/s12013-015-0598-4
https://doi.org/10.1038/s41581-020-0278-5
https://doi.org/10.1016/j.biocel.2017.06.003
https://doi.org/10.1016/j.freeradbiomed.2009.04.030
https://doi.org/10.1016/j.dsx.2018.10.008
https://doi.org/10.3390/nu11081837
https://doi.org/10.1007/s11694-017-9696-x
https://doi.org/10.5740/jaoacint.sgealtintas
https://doi.org/10.1038/icb.2015.101
https://doi.org/10.1016/j.smim.2019.101344
https://doi.org/%2010.1007/s00011-017-1121-8


Aydemir et al. 
The effects of origanum onites in diabetes mellitus in rats 

Journal of Research in Pharmacy 

 Research Article 

 

 

 
http://dx.doi.org/10.29228/jrp.278 

J Res Pharm 2022; 26(6): 1884-1892 

1892 

[12] Asadikaram G, Ram M, Izadi A, Sheikh Fathollahi M, Nematollahi MH, Najafipour H, et al. The study of the serum 
level of IL-4, TGF-β, IFN-γ, and IL-6 in overweight patients with and without diabetes mellitus and hypertension. J 
Cell Biochem. 2019; 120(3): 4147-57. [CrossRef] 

[13] Richardson A, Park WG. Acute pancreatitis and diabetes mellitus: a review. Korean J Intern Med. 2021; 36(1): 15-24. 
[CrossRef] 

[14] Wang L, Peng W, Zhao Z, Zhang M, Shi Z, Song Z, et al. Prevalence and Treatment of Diabetes in China, 2013-2018. 
Jama. 2021; 326(24): 2498-506. [CrossRef] 

[15] Rajasekaran S, Sivagnanam K, Ravi K, Subramanian S. Hypoglycemic effect of Aloe vera gel on streptozotocin-
induced diabetes in experimental rats. J Med Food. 2004;7(1):61-6. [CrossRef] 

[16] Schmidt AM. Highlighting Diabetes Mellitus: The Epidemic Continues. Arterioscler Thromb Vasc Biol. 2018; 38(1): 
e1-e8. [CrossRef] 

[17] Aouacheri O, Saka S, Krim M, Messaadia A, Maidi I. The investigation of the oxidative stress-related parameters in 
type 2 diabetes mellitus. Can J Diabetes. 2015; 39(1): 44-9. [CrossRef] 

[18] Banerjee M, Saxena M. Interleukin-1 (IL-1) family of cytokines: role in type 2 diabetes. Clin Chim Acta. 2012; 413(15-
16): 1163-70. [CrossRef] 

[19] Cabrera SM, Henschel AM, Hessner MJ. Innate inflammation in type 1 diabetes. Transl Res. 2016; 167(1): 214-27. 
[CrossRef] 

[20] Moussa H, Quezada E, Viña D, Riadi H, Gil-Longo J. Redox-Active Phenolic Compounds Mediate the Cytotoxic and 
Antioxidant Effects of Carpodesmia tamariscifolia (=Cystoseira tamariscifolia). Chem Biodivers. 2020 ;17(7): 
e2000121. [CrossRef] 

[21] Ozkan G, Kamiloglu S, Ozdal T, Boyacioglu D, Capanoglu E. Potential Use of Turkish Medicinal Plants in the 
Treatment of Various Diseases. Molecules. 2016; 21(3): 257. [CrossRef] 

[22] Ocaña-Fuentes A, Arranz-Gutiérrez E, Señorans FJ, Reglero G. Supercritical fluid extraction of oregano (Origanum 
vulgare) essentials oils: anti-inflammatory properties based on cytokine response on THP-1 macrophages. Food 
Chem Toxicol. 2010;  48(6):1568-75. [CrossRef] 

[23] Ceriello A. The emerging challenge in diabetes: the "metabolic memory". Vascul Pharmacol. 2012; 57(5-6): 133-8. 
[CrossRef] 

[24] Sharma R, Rao R, Kumar S, Mahant S, Khatkar S. Therapeutic Potential of Citronella Essential Oil: A Review. Curr 
Drug Discov Technol. 2019; 16(4): 330-9. [CrossRef] 

[25] Lermioglu F, Bagci S, Onderoglu S, Ortac R, Tugrul L. Evaluation of the long-term effects of oleum origani on the 
toxicity induced by administration of streptozotocin in rats. J Pharm Pharmacol. 1997; 49(11): 1157-61. [CrossRef] 

[26] el-Ashmawy IM, el-Nahas AF, Salama OM. Protective effect of volatile oil, alcoholic and aqueous extracts of 
Origanum majorana on lead acetate toxicity in mice. Basic Clin Pharmacol Toxicol. 2005; 97(4): 238-43. [CrossRef] 

[27] Rehman K, Akash MSH, Liaqat A, Kamal S, Qadir MI, Rasul A. Role of Interleukin-6 in Development of Insulin 
Resistance and Type 2 Diabetes Mellitus. Crit Rev Eukaryot Gene Expr. 2017; 27(3): 229-36. [CrossRef] 

[28] Barry JC, Shakibakho S, Durrer C, Simtchouk S, Jawanda KK, Cheung ST, et al. Hyporesponsiveness to the anti-
inflammatory action of interleukin-10 in type 2 diabetes. Sci Rep. 2016; 6: 21244. [CrossRef] 

[29] Davoodi-Semiromi A, Yang JJ, She JX. IL-12p40 is associated with type 1 diabetes in Caucasian-American families. 
Diabetes. 2002; 51(7): 2334-6. [CrossRef] 

 
This is an open access article which is publicly available on our journal’s website under Institutional Repository at http://dspace.marmara.edu.tr.      

http://dx.doi.org/10.29228/jrp.278
https://doi.org/%2010.1002/jcb.27700
https://doi.org/10.3904/kjim.2020.505
https://doi.org/%2010.1001/jama.2021.22208
https://doi.org/10.1089/109662004322984725
https://doi.org/10.1161/atvbaha.117.310221
https://doi.org/10.1016/j.jcjd.2014.03.002
https://doi.org/10.1016/j.cca.2012.03.021
https://doi.org/10.1016/j.trsl.2015.04.011
https://doi.org/10.1002/cbdv.202000121
https://doi.org/10.3390/molecules21030257
https://doi.org/10.1016/j.fct.2010.03.026
https://doi.org/10.1016/j.vph.2012.05.005
https://doi.org/10.2174/1570163815666180718095041
https://doi.org/10.1111/j.2042-7158.1997.tb06060.x
https://doi.org/10.1111/j.1742-7843.2005.pto_136.x
https://doi.org/10.1615/CritRevEukaryotGeneExpr.2017019712
https://doi.org/10.1038/srep21244
https://doi.org/10.2337/diabetes.51.7.2334
http://dspace.marmara.edu.tr/

