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Introduction 

According to data from the World Health Organization for 2019, about 4% of the world's population 

suffers from an anxiety disorder. (WHO_2019-202) In accordance with the eleventh international 

classification of diseases from 2019, this group of psychiatric disorders includes generalized anxiety 

disorder, panic disorder, episodic paroxysmal disorder, social anxiety and panic disorders, as well as 

separation anxiety disorders, specified and unspecified, in which anxiety is a symptom. (ICD_11) 

The current Covid-19 pandemic and related social restrictions during the last two years have led to 

an increase in anxiety disorder incidence with more than 25% than normal anxiety rate in the previous 

years (Taquet M et al_2021) At the same time anxiety disorders often are undiagnosed. (Pitman a et 

al_2018) 

The presence of anxiety disorders is associated with the development and clinical progression of 

somatic diseases. (Strohle A et al_2018, Connor A et al_2016) A significant correlation has been 

established between anxiety and cardiovascular complications. (Connor A et al_2016) Patients with 

insulin resistance and a concomitant anxiety disorder are exposed to increased risk of developing 

diabetes type 2 compared to non-comorbid patients and the comorbidity between these two diseases 

is also associated with increased risk of lethal outcome. (Jiang L et al_2020, Naicker K et al_2017) 

Epidemiological data on the prevalence of depression are similar to those of anxiety disorders. 

(GHDx) Depressive disorders reduce the quality of life of patients. (Malhi GS et al_2018) This 

psychiatric disorder is usually episodic in nature, but is unpredictable in terms of the number and 

duration of episodes, as well as the treatment effectiveness. Recovery is long with a significant risk 

of relapse. (Malhi GS et al_2018)  

Like anxiety disorders, depression is an independent risk factor for somatic diseases like arthritis, 

diabetes, cardiovascular and chronic respiratory diseases. (Steffen A et al_2020) In case of preexisting 

physical disease the comorbidity with depressive disorder worsens the course of the somatic illness, 

increases functional impairment and medical costs, as well as mortality. (Greenberg PE et al_2015, 

Josephson GB et al_2017, Sartorius N_2018, Martini L et al_2018)  

Anxiety and depressive disorders are a risk factor for the development of other mental diseases. 

(Strohle A et al_2018, Steffen A et al_2020ev) Anxiety is associated with an increased risk of 

comorbid anxiety disorder or depression. (Strohle A et al_2018) Depressive disorders are linked to 

neurotic, somatomorphic and personality disorders, substance abuse and behavioral syndromes. 

Comorbidity increases with the severity of depression. (Steffen A et al_2020ev) 

Chronic pain is one of the most common and consequential diseases in the United States and 

worldwide and is among the main reasons for suffering and disability. (Dahlhamer J et al_2018, 

Treede RD et al_2019) It is defined as pain with duration of at least 3 months, which differentiates it 
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from acute. The prevalence of chronic pain in the age group of 65 years and above is significant. 

Chronic pain causes suffering, social isolation, disability, higher costs and burdens on healthcare 

systems. (Domenichiello AF et al_2019) Chronic pain includes several clinically significant 

conditions: (1) chronic primary pain; (2) chronic cancer-related pain; (3) chronic postsurgical or 

posttraumatic pain; (4) chronic neuropathic pain; (5) chronic secondary headache or orofacial pain; 

(6) chronic secondary visceral pain and (7) chronic secondary musculoskeletal pain.  (Treede RD et 

al_2019) Chronic pain is a risk factor for premature lethal outcome, accelerated cognitive decline and 

depression, especially when it is associated with limitations to physical activity. (Domenichiello AF 

et al_2019)  

The treatment of anxiety and depressive disorders includes antidepressants and anxiolytics, the 

administration of which is associated with many adverse drug reactions and dependence. (Fedotova 

J et al_2017) Selective serotonin reuptake inhibitors and selective noradrenaline reuptake inhibitors 

are applied as first line treatment of these two psychiatric disorders. Both groups of antidepressants 

are characterized with good tolerance and safety profile but slow onset of action. (Fedotova J et 

al_2017) Benzodiazepines, which have a high risk of dependence and abuse, are used as an alternative 

in the treatment of anxiety. Limitations in the application of these drugs in the therapy of anxiety and 

depression determine the need to search for new alternatives in the drug therapy of these psychiatric 

disorders. (Craske MG et al_2017, Fedotova J et al_2017) 

Chronic pain therapy is difficult and not entirely effective, especially in elderly patients. 

(Domenichiello AF et al_2019, Vega E et al_2018) In this age group the risk of polypharmacy is 

increased, there are changes in the pharmacokinetics and pharmacodynamics of drugs. In the geriatric 

population the risk of adverse drug reactions is increased. (Paeck T et al_2014, McLachlan AJ et 

al_2011) Various medicinal products are used in the treatment of chronic pain, such as 

antidepressants, some antiepileptics, antipsychotics, benzodiazepines, corticosteroids, non-steroidal 

anti-inflammatory drugs (NSAIDs), opioids (NICE guideline_2021) The last two groups represent a 

significant therapeutic problem due to serious adverse drug reactions: cardiovascular, renal and 

gastrointestinal for NSAIDs; dependence and risk of overdose for opioids. (Dowell D_2021) 

Several problems have been identified in the treatment of chronic pain, depression and anxiety: 

patients’ age, polypharmacy, increased adverse drug reactions, comorbidity, decreased life quality, 

increased medical costs for the treatment of these diseases. 

According to data from the World Health Organization more than 80% of the world’s population uses 

phyto-remedies. (Tugume P et al_2019) In 2019 their market share was estimated at US$83 billion 

and is expected to grow up to US$550 billion in 2030.  (Herbal Medicine Market_2021)  
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In recent years, there has been an increased interest of the pharmaceutical industry in components of 

natural origin. (Jakovljević M et al_2020) Nevertheless, only 15% of the plants have been chemically 

and pharmacologically studied. (Krause J et al_2013) Plants containing biologically active 

substances are defined as medicinal plants that may have a therapeutic effect or lead to adverse 

reactions depending on the dose. (Dzamic AM et al_2016) 

One of the most important families of medicinal plants is Lamiaceae, which includes more than 230 

genera with more than 7000 representatives (Zarshenas MM et al_2015) such as thyme, peppermint, 

lemon balm, oregano, basil, rosemary, sage tea, winter savory. (Uritu CM et al_2018, Zawiślak G et 

al_2017, Jafari F et al_2016) The winter savory, whose Latin name is Satureja montana, is one of 

the most pharmacologically active representatives of the family (Hudz N et al_2020) and it is 

widespread in the Balkan peninsula and Bulgaria. (Beshkov St_2017, Šilic´ Cˇ_1979, World Checklis) 

This medical plant is used in folk medicine for treatment of gastrointestinal, renal and pulmonary 

diseases. (Benelli G et al_2017, Elgndi MA et al_2017, Jakovljević M et al_2020) The 

pharmacological effects of Satureja montana proven in the available scientific literature are 

antioxidant, antibacterial, antiviral, antiproliferative (Zeljkovic´ SC´ et al_2015, Elgndi MA et 

al_2017) These effects are related to the type of used extract and the active compounds in its 

composition. Two of them are rosmarinic acid and carvacrol. (Zekovic Z et al_2017, Serrano C et 

al_2011) Each of these two phenolic compounds exhibits antiviral, antibacterial, antioxidant, 

antimutagenic, anti-inflammatory, anxiolytic effects. (Elufioye TO et al_2019, Ghasemzadeh 

Rahbardar M et al_2020a, Mohammedi Z_2017, Burt SA et al_2016, Lesjak M et al_2016, Rajput 

JD et al_2017) 

Studies of antioxidant activity, the composition of dry extract of S. montana, obtained from areas in 

Bulgaria, of its antidepressant, anxiolytic, anti-inflammatory and analgesic effects will enrich the 

knowledge of the dry extract of winter savory, will support creative searches for the creation of a 

medicinal product or dietary supplement of plant origin. The advantages of such a medicinal product 

will be in the field of drug safety, tolerability, appropriateness and cost, optimizing the therapy of 

socially significant diseases such as depression, diabetes and others. This determines the experimental 

study of S. montana dry extract as an objective of this dissertation. The design of the experimental 

study of S. montana dry extract included methods to study analgesic, anti-inflammatory, 

antidepressant, anxiolytic activity, acute and chronic toxicity in order to study the qualitative, 

quantitative composition and pharmacological effects of winter savory dry extract, as well as 

comparing them with those exhibited by two of the active compounds in Satureja montana – 

rosmarinic acid and carvacrol. 
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Aim and objectives  

The aim of the present dissertation is to standardize a dry extract of Satureja montana and to 

investigate its’ in vitro antioxidant activity, toxicity, analgesic, anti-inflammatory, anxiolytic and 

antidepressant effect after oral administration to male white Wistar rats. 

  

To achieve this aim the following assignments were set: 

1. Standardization of the dry extract of Satureja montana by rosmarinic acid and carvacrol content. 

2. In vitro determination of the antioxidant activity of the dry extract of Satureja montana. 

3. Determination of acute and chronic toxicity of the dry extract of Satureja montana. 

4. Study of the analgesic effect of the dry extract of Satureja montana.  

5. Study of the anti-inflammatory effect of the dry extract of Satureja montana.  

6. Study of the effect of the dry extract of Satureja montana on serum concentrations of pro-

inflammatory cytokines – TNF-a, IL-1b, IL-6 in acute and chronic stress models.  

7. Study of the anxiolytic effect of the dry extract of Satureja montana in acute and chronic stress 

models.  

8. Study of the antidepressant effect of the dry extract of Satureja montana in acute and chronic stress 

models.  

9. Study of the effect of the dry extract of Satureja montana on bodyweight and biochemical 

indicators – glucose, cholesterol, triglycerides, uric acid in a model of chronic stress. 
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Material and methods 

1. Dry extract of Satureja montana acquisition 

The dried leaves of the medical plant Satureja montana were bought from an herbal pharmacy 36.6, 

which ensures compliance with the requirements of the European Pharmacopoeia 10.0 regarding 

collection and drying of the leaves. The quantity of the dried leaves of Satureja montana, which 

amounts to 10 kg, is accompanied by a certificate certifying that it is from one lot, collected entirely 

and only from the territory of the Republic of Bulgaria.  

The extract was prepared by “Veselino EOOD”, Kazanlak, Bulgaria via continuous methanol-

aqueous extraction in a ratio of 70:30, which was subsequently dried in a spray dryer at a temperature 

of 40oC until complete evaporation of both solvents. 

2. High Performance Liquid Chromatography Method for quantification of rosmarinic acid, 

carvacrol and thymol. Method Accuracy Parameters  

High-performance liquid chromatographic system (HPLC) Varian ProStar 230 with diode-array 

detector 335, Hitachi C18 AQ column (250 mm × 4.6 mm, 5 μm), acetonitrile and methanol (Sigma) 

as well as timol, carvacrol and rosmarinic acid (Sigma) were used to identify/detect biologically 

active compounds in Satureja montana.   

For qualitative and quantitative determination of rosmarinic acid, thymol and carvacrol, characteristic 

for Satureja montana, a mobile phase water with pH 3 (A) and organic phase 40 acetonitrile / 60 

methanol (B) was used in the following gradient mode: 0-7 min 50A / 50B; 7-14 min - 50A / 50B - 

20A / 80B; 20-23 min 20A / 80B - 50A / 50B. The compounds of interest were detected at 275 nm 

and were identified through their retention times, as well as by comparing their absorption spectra 

with those of standard substances. They were quantified using a calibration curve. The precision 

parameters of the method are linearity (r2), limit of detection (LOD) and limit of determination (LOQ) 

and precision (RSD (%)). Star Chromatography Workstation Version 6.30 software was used for data 

processing. 

3. Spectrophotometric quantification of total polyphenols and flavonoids  

The quantification of total polyphenols and flavonoids are performed using spectrophotometer 

apparatus (CE-1020, Cambridge, UK). 

The total polyphenols were colorimetrically determined with the Folin–Ciocalteu reagent according 

to the method of Singleton and Rossi (Singleton V et al_1965). Gallic acid was employed as a 
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calibration standard and the results were expressed as mg gallic acid equivalents (GAE) per 100 g dry 

weight 

The total flavonoid content was determined with AlCl3 reagent according to Chang et al., (Chang C 

et al_2002). The calibration curve was constructed with quercetin dihydrate (10–200 mg/L). The 

results are expressed as mg quercetin equivalents (QE) per 100 g dry weight 

4. Determination of the in vitro antioxidant activity of the dry extract of Satureja montana 

4.1. Oxygen Radical Absorbance Capacity  

The method developped by Ou et al., (Ou B et al_2001) was used with some modifications. This 

method measures the ability of an antioxidant to neutralize peroxid radicals. The method is based on 

the inhibition of the decline of fluorescence of fluorescein during its oxidation in the presence of an 

antioxidant. The thermal decomposition of 2,2’-azobis(2-amidinopropane) dihydrochloride (AAPH) 

is used as a peroxid radical generator. The results are expressed in μmol Trolox equivalents per gram 

of extract. Measurements are performed on FLUOstar OPTIMA fluorometer (BMG LABTECH, 

Offenburg, Germany). The excitation wavelength of 485 nm and emission wavelength of 520 nm 

were used 

4.2. Hyrdoxyl Radical Averting Capacity  

The method was developed by Ou et al., (Ou B et al_2002) and measures the ability of an antioxidant 

to form complexes in conditions of Fenton reaction, caused by the interaction between Co (II) and 

H2O2. The results are expressed in μmol gallic acid equivalents per gram of extract. Measurements 

are performed on FLUOstar OPTIMA fluorometer (BMG LABTECH, Offenburg, Germany). The 

excitation wavelength of 485 nm and emission wavelength of 520 nm were used. 

4.3. Electrochemical method  

The electrochemical method was used to determine the antioxidant activity (Korotkova et al_2002). 

The experiment’s methodology consists in taking voltamperogram of cathodic electroreduction of 

oxygen using the "Analyst AOA" (RU.C.31.113.A N28715), connected to a PC. The antioxidant 

activity of the tested samples was calculated according to kinetic criterion K (in micromoles per 

litre·minute) indicating the quantity of the reactive oxygen species in time, compared to the trolox 

kinetic criterion and expressed as: 

АOA = K sample / K Trolox  
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5. Substance preparation 

The dry extract of  Satureja montana and rosmarinic acid were prepared as 5% и 0,15% saline 

solutions. The carvacrol was prepared as 5% oil solution. All solutions were administered orally via 

gastric gavage in volumme 0,5ml/100g b.w for the dose of 250mg/kg b.w. Satureja montana, 

1ml/100g b.w for the dose of 500mg/kg b.w. Satureja montana, rosmarinic acid and carvacrol. 

6. Laboratory experiments 

6.1. Toxicity 

6.1.1. Acute toxicity 

Twenty-four male Wistar rats with average bodyweight 190 gram were used. The experimental 

animals were divided in four groups (n=6), treated orally with the dry extract of Satureja montana at 

doses of  5, 10 and 15g/kg b.w. and rosmarinic acid 5g/kg b.w. The survival and changes in the 

behavior on the 24th hour after the administration, which are indicators for toxicity,  were observed.  

6.1.2. Chronic toxicity 

Forty male Wistar rats with average bodyweight 110grams were used, randomly divided in 5 groups 

(n =8). The animals were treated orally for 3 months with saline and olive oil at a dose of 1 ml/kg 

b.w. (control groups), dry extract of Satureja montana 500 mg/kg b.w, carvacrol 500 mg/kg b.w. and 

rosmarinic acid 15 mg/kg b.w (test groups). On day 91 from the beginning of the experiment the rats 

were sacrificed under ether narcosis. Blood samples were obtained to investigate full blood count – 

red blood cells (RBC), white blood cells (WBC), platelets (PLT), hematocrit (HCT), mean 

corpuscular volume (MCV) and hemoglobin (HGB). Serum was separated for biochemical analysis 

– ASAT, ALAT, uric acid, cholesterol, triglycerides, glucose, ionized Ca2+. Liver, kidney and brain 

samples were taken for histological examination. 

Full blood count was analyzed with RT-7600Vet hematological apparatus immediately after taking 

the blood samples. Biochemical indicators were analyzed with Chemray 120vet apparatus and 

Biomaxima kits. 

Each organ was fixed in 10% neutral buffered formalin and then embedded in paraffin. The paraffin 

blocks were cut with microtome into 5 µm thick sections and stained with hematoxylin-eosin. This 

staining gives a general idea of the organs’ structure and possible pathological abnormalities. The 

histological specimens were microscopically examined with an Olympus light microscope. 

Microphotographs were taken with the camera of the microscope. 
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6.2. Analgesic effect 

6.2.1. Investigation of the analgesic effect after 14 days treatment with dry extract of S. 

montana, carvacrol, rosmarinic acid, saline and olive oil    

We used 56 male Wistar rats,  randomly divided into 7 groups (n=8),  treated orally for 14 days with 

saline and olive oil in dose 1ml for every 100g b.w. (negative control groups) , dry extract of Satureja 

montana in two doses – 250mg/kg b.w and 500mg/kg b.w, rosmarinic acid 15mg/kg b.w and 

carvacrol 500mg/kg b.w. (experimental groups). For positive control was used Metamizole at a dose 

of 150mg/kg b.w., administered once the day of the experiment.  The investigation of nociception 

was on the day 15 via apparatuses Tailflick, Ugo Basile, Italy и Plantar test, Ugo Basile, Italy. 

6.2.1.1. Tail flick test 

A Tailflick apparatus, Ugo Basile, Italy, was used. The distal end of the animal's tail is placed over 

an infrared heat source with a radiation intensity of 80 mW/cm2. In order to prevent tissue damage, 

the maximum heating time is limited to 15 seconds. The test is carried out on the 1st, 2nd and 3rd hour 

after the administration of the test substances. The device automatically counts the time until the tail 

is withdrawn in seconds. An indicator for analgesic activity was an increase in the time to tail 

withdrawal compared with controls. 

6.2.1.2. Hargreaves’ method 

Plantar test apparatus, Ugo Basile, Italy, was used. Each animal was placed freely in an individual 

Plexiglas box. After an acclimatization period, an infrared heat source with a radiation intensity of 50 

mW/cm2 was positioned under one of the hind paws of the rat. The visible part of the spectrum is 

blocked by a special filter. In order to prevent tissue damage, the maximum heating time is limited to 

30 seconds.  The test is carried out on the 1st, 2nd and 3rd hour after the administration of the test 

substances. The device automatically counts the time until the paw is withdrawn in seconds. An 

indicator for analgesic activity was an increase in the time to paw withdrawal compared with controls. 

6.2..2 Investigation of the analgesic effect after 30 days treatment with dry extract of S. 

montana, carvacrol, rosmarinic acid, saline and olive oil 

We used 56 male Wistar rats,  randomly divided into 7 groups (n=8),  treated orally for 14 days with 

saline and olive oil in dose 1ml for every 100g b.w. (negative control groups) , dry extract of Satureja 

montana in two doses – 250mg/kg b.w and 500mg/kg b.w, rosmarinic acid 15mg/kg b.w and 

carvacrol 500mg/kg b.w. (experimental groups). For positive control was used Metamizole at a dose 

of 150mg/kg b.w., administered once the day of the experiment.  The investigation of nociception 
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was on the day 15 via apparatuses Tailflick, Ugo Basile, Italy и Plantar test, Ugo Basile, Italy, 

described in 6.2.1.  

6.3. Anti-inflammatory effect 

6.3.1. Investigation of the anti-inflammatory effect after 14 days treatment with dry extract of 

S. montana, carvacrol, rosmarinic acid, saline and olive oil 

We used 56 male Wistar rats,  randomly divided into 7 groups (n=8),  treated orally for 14 days with 

dry extract of Satureja montana in two doses – 250mg/kg b.w and 500mg/kg b.w, rosmarinic acid 

15mg/kg b.w and carvacrol 500mg/kg b.w. Negative control groups were treated orally with saline 

and olive oil in dose 1ml for every 100g b.w. For positive control was used Indomethacin at a dose 

of 25mg/kg b.w., administered once intraperitoneally on the day of the experiment.  The inflammation 

was induced by injecting 0.1 ml carrageenan into the right hind paw on the day 15 after administration 

of substances. For investigating the anti-inflammatory activity, we used plethysmometer (Ugo Basile, 

Italy). 

 6.3.1.1. Plethysmometer test 

The Plethysmometer apparatus (Ugo Basile, Italy) measures the changes in the rodent paw volume 

by the amount of the displaced water. First measurement is immediately before the carrageenan 

injection, followed by measurements on the 2nd, 3rd, 4th and 24th hour afterwards. Indicator for the 

anti-inflammatory activity is the reduced paw edema, compared to negative controls.  

6.3.2. Investigation of the anti-inflammatory effect after 30 days treatment with dry extract of 

S. montana, carvacrol, rosmarinic acid, saline and olive oil 

We used 56 male Wistar rats,  randomly divided into 7 groups (n=8),  treated orally for 30 days with 

dry extract of Satureja montana in two doses – 250mg/kg b.w and 500mg/kg b.w, rosmarinic acid 

15mg/kg b.w and carvacrol 500mg/kg b.w. Negative control groups were treated orally with saline 

and olive oil in dose 1ml for every 100g b.w. For positive control was used Indomethacin at a dose 

of 25mg/kg b.w., administered once intraperitoneally on the day of the experiment.  The inflammation 

was induced by injecting 0.1 ml carrageenan into the right hind paw on the day 31 after administration 

of substances. For investigating the anti-inflammatory activity, we used plethysmometer (Ugo Basile, 

Italy). 
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6.4. Investigation of the serum concentrations of pro-inflammatory cytokines 

6.4.1. Determination of the serum cytokines levels in acute cold stress model 

We used 56 male Wistar rats,  randomly divided into 7 groups (n=8). The experimental animals were 

treated for 14 days via gastric gavage with saline and olive oil in dose 1ml for every 100g b.w. (control 

groups), dry extract of Satureja montana in two doses – 250mg/kg b.w and 500mg/kg b.w, rosmarinic 

acid 15mg/kg b.w and carvacrol 500mg/kg b.w. (experimental groups). One of the groups treated 

with distilled water was a negative control and was not subjected to the stress factor. The Wistar rats 

from both positive controls and all experimental groups were exposed to low temperature of 4°C in 

the refrigerator for 60 min in plastic boxes, freely to move. One hour after the end of the exposure to 

the stress factor the rats were sacrificed under ether narcosis. Serum samples were collected and send 

to the Department of Medical Microbiology and Immunology "Prof. Elisey Yanev, Ph.D., Faculty of 

Pharmacy at Medical University Plovdiv for measurement of serum levels of IL-1β, IL-6 и TNF-α 

cytokines via ELISA method and Invitrogen, ThermoFisher Scientific kits. 

6.4.1.1. Principle of ELISA method 

For quantitative cytokine testing, diluted rat serums (1:2) for  IL-1β, IL-6 and TNFα, internal controls 

and test standards were dripped on solid phase with monoclonal antibodies against the corresponding 

cytokine. After incubation and washing, a peroxidase conjugate (second anti-species antibody) is 

placed to form a cytokine complex. A second wash follows to remove unbound conjugate. When a 

chromogenic substrate is added to the enzyme, a color reaction occurs, marking the presence of 

cytokines. Absorption, which is proportional to the cytokine concentration, is measured 

colorimetrically on a TECAN ELISA reader at 450 and 620 nm. The concentration of each cytokine 

in pg/ml is determined by plotting a standard curve. 

6.4.2. Determination of the serum cytokines levels in chronic unpredictable mild stress model 

We used 56 male Wistar rats,  randomly divided into 7 groups (n=8). The experimental animals were 

treated for 60 days via gastric gavage with saline and olive oil in dose 1ml for every 100g b.w. (control 

groups), dry extract of Satureja montana in two doses – 250mg/kg b.w and 500mg/kg b.w, rosmarinic 

acid 15mg/kg b.w and carvacrol 500mg/kg b.w. (experimental groups). One of the groups treated 

with distilled water was a negative control and was not subjected to the stress factors. The Wistar rats 

from both positive controls and all experimental groups were exposed to mild stress stimuli – 24h 

long food and water deprivation, placing an empty water bottle for 1h, tilting of homecage (45o for 

3h), leaving of light for 24h, soiling the bedding (200ml 25oC water per 100g bedding material), 

predator sounds (two rounds of 20min). Each stressor was used once a week and the order was 
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changed every week of the experiment to avoid habituation to them. On day 60, one hour after the 

end of the exposure to stress stimuli the rats were sacrificed under ether narcosis. Serum samples 

were collected and send to the Department of Medical Microbiology and Immunology "Prof. Elisey 

Yanev, Ph.D., Faculty of Pharmacy at Medical University Plovdiv for measurement of serum levels 

of IL-1β, IL-6 и TNF-α cytokines via ELISA method and Invitrogen, ThermoFisher Scientific kits.  

6.5. Study of behavioral responses and recognition memory to determine anxiolytic activity in 

acute and chronic stress models 

6.5.1. In acute cold stress model 

We used 64 male Wistar rats,  randomly divided into 8 groups (n=8). The experimental animals were 

treated for 14 days via gastric gavage with saline and olive oil in dose 1ml for every 100g b.w. (control 

groups), dry extract of Satureja montana in two doses – 250mg/kg b.w and 500mg/kg b.w, rosmarinic 

acid 15mg/kg b.w and carvacrol 500mg/kg b.w. (experimental groups). One of the groups treated 

with saline and one of the groups treated with olive oil were a negative controls and were not subjected 

to the stress factor. On the 15th day from the beginning of the experiment the Wistar rats from both 

positive controls and all experimental groups were exposed to low temperature of 4°C in the 

refrigerator for 60 min in plastic boxes, freely to move. Fifteen minutes after removing them from the 

refrigerator their behavioral responses were recorded to determine anxiety and the effect of acute 

stress on recognition memory. 

6.5.1.1. Elevated plus maze 

The raised cross maze is an apparatus with two open and two closed cross arms at a height of 50 cm 

from the floor. The animals were placed at the center of the apparatus. During the test with duration 

of 5 minutes the following parameters were observed: time spent in the open and closed arms, number 

of entries in each arm, sum of visits of both arms, and the ratio between the entries in the open arms 

compared to the total movements. A sign for reduced anxiety is increasing the time spent in the open 

arms and decreasing the total movements of the examined subject. 

6.5.1.2. Social interaction test 

An open field apparatus, which is plastic test box with dimensions 60 × 60 × 40 cm was used to 

conduct the social interaction test. The social interaction test is performed in one test session. The test 

animals were allowed to explore the text box at the same day for 5 minutes before the beginning of 

the test. After the acclimatization two animals — the test subject and a random animal from another 

group were placed in the opposite ends of the apparatus. Both animals were with the same bodyweight 
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and marked with different color on their tails. The test was performed for 5 minutes. Time spent by 

the test animal in investigating the new congener was detected. Only suffocation and allogrooming 

were accepted for social interaction. 

6.5.1.3. Vogel conflict test 

The test is performed in two consecutive days. The animals from all groups were deprived of water 

for 24 hours before the first day of the test. On the 24th hour they were placed in a Lickometer 

apparatus (Ugo Basile, Italy) to acclimate to the test cage and were free to drink water for a 3-minute-

long training session followed by another 24 hours of water deprivation. The test session was 

performed on the second day, also with a duration of 3 min. For every 15 licks the animals were 

exposed to 2 seconds 0.5mA electric shock. All parameters were automatically detected by the 

software of the Lickometer apparatus. Increase in the number of shock licks is a marker for anxiolytic 

activity of the tested substance. 

6.5.1.4. Measurement of locomotor activity 

The investigation of the locomotor activity is also performed in only one test session with a duration 

of 5 minutes without previous training. For measurement of the locomotor activity, we used Activity 

cage apparatus (Ugo Basile, Italy). The animal was placed in the center or near the walls of the plastic 

box of the apparatus. The horizontal and vertical activity was automatically detected. A sign for 

reduced anxiety is the increase in locomotor activity.  

6.5.1.5. New object recognition test 

The test is performed in three consecutive days. On the first day, rodents were placed in an open field 

apparatus for 5 minutes for habituation. On the second day two objects identical in size, form and 

color were placed at the opposite ends of the apparatus. The rats were allowed to examine the objects 

for 10 minutes. The third day was the test day, in which one of the already known objects was replaced 

with a new one in shape and color. The rats were allowed to examine the objects for 3 minutes. The 

time spent surveying each of the objects and the total study time were considered. An indicator of 

cognitive memory is the discriminant index - DI: this is the ratio between the time spent by the animal 

studying the new object relative to the total time spent studying the both objects in the test session. 

Increasing DI is a criterion for better recognition memory. 

6.5.2. In chronic unpredictable mild stress model 

We used 64 male Wistar rats,  randomly divided into 8 groups (n=8). The experimental animals were 

treated for 60 days via gastric gavage with saline and olive oil in dose 1ml for every 100g b.w. (control 
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groups), dry extract of Satureja montana in two doses – 250mg/kg b.w and 500mg/kg b.w, rosmarinic 

acid 15mg/kg b.w and carvacrol 500mg/kg b.w. (experimental groups). One of the groups treated 

with distilled water and one of the olive oil treated groups were a negative controls and were not 

subjected to the stress factors. The Wistar rats from both positive controls and all experimental groups 

were exposed to mild stress stimuli – 24h long food or water deprivation, placing an empty water 

bottle for 1h, tilting of homecage (45o for 3h), leaving of light for 24h, soiling the bedding (200ml 

25oC water per 100g bedding material), predator sounds (two rounds of 20min). Each stressor was 

used once a week and the order was changed every week of the experiment to avoid habituation to 

them. From day 61 the behavioral responses of the animals were recorded to determine anxiety and 

the effect of chronic stress on recognition memory with the test, described above (point 6.6.1).  

6.6. Study of behavioral responses to determine antidepressant activity in acute and chronic 

stress models 

6.6.1. In acute cold stress model 

We used 64 male Wistar rats,  randomly divided into 8 groups (n=8). The experimental animals were 

treated for 14 days via gastric gavage with saline and olive oil in dose 1ml for every 100g b.w. (control 

groups), dry extract of Satureja montana in two doses – 250mg/kg b.w and 500mg/kg b.w, rosmarinic 

acid 15mg/kg b.w and carvacrol 500mg/kg b.w. (experimental groups). One of the groups treated 

with saline and one of the groups treated with olive oil were a negative controls and ere not subjected 

to the stress factor. On the 15th day from the beginning of the experiment the Wistar rats from both 

positive controls and all experimental groups were exposed to low temperature of 4°C in the 

refrigerator for 60 min in plastic boxes, freely to move. Fifteen minutes after removing them from the 

refrigerator the behavioral responses of the animals were recorded to determine depressive behavior 

and the antidepressant effect of the used substances.  

6.6.1.1. Forced swim test 

The test is performed in two consecutive days. The first day is a learning session in which the animals 

are left in 35 cm high and 20cm wide plastic cylinders, full with 18cm  25°C water for 15min. The 

test session is 24 hours later (on the next day). The rats are placed in the same cylinders for 5min. 

The researcher detects the time of immobility (Т0). The criteria for antidepressant effect is the 

reduction of Т0. 

6.6.2. In chronic unpredictable mild stress model 

We used 64 male Wistar rats,  randomly divided into 8 groups (n=8). The experimental animals were 

treated for 60 days via gastric gavage with saline and olive oil in dose 1ml for every 100g b.w. (control 
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groups), dry extract of Satureja montana in two doses – 250mg/kg b.w and 500mg/kg b.w, rosmarinic 

acid 15mg/kg b.w and carvacrol 500mg/kg b.w. (experimental groups). One of the groups treated 

with distilled water and one of the olive oil treated groups were a negative controls and were not 

subjected to the stress factors. The Wistar rats from both positive controls and all experimental groups 

were exposed to mild stress stimuli – 24h long food or water deprivation, placing an empty water 

bottle for 1h, tilting of homecage (45o for 3h), leaving of light for 24h, soiling the bedding (200ml 

25oC water per 100g bedding material), predator sounds (two rounds of 20min). Each stressor was 

used once a week and the order was changed every week of the experiment to avoid habituation to 

them. On the 61st day the behavioral responses of the animals were recorded to determine depressive 

behavior and the antidepressant effect of the used substances via forced swim test, described in point 

6.6.1. 

6.7. Monitoring experimental animals’ bodyweight and measuring plasma levels of cholesterol, 

glucose, triglycerides and uric acid in chronic unpredictable mild stress model 

We used 64 male Wistar rats,  randomly divided into 8 groups (n=8). The experimental animals were 

treated for 60 days via gastric gavage with saline and olive oil in dose 1ml for every 100g b.w. (control 

groups), dry extract of Satureja montana in two doses – 250mg/kg b.w and 500mg/kg b.w, rosmarinic 

acid 15mg/kg b.w and carvacrol 500mg/kg b.w. (experimental groups). The used chronic stress model 

is described in point 6.6.2. On the 61st day the rats were sacrificed under ether narcosis. Blood samples 

were obtained and serum was separated for biochemical analysis of cholesterol, glucose, triglycerides 

and uric acid. Biochemical indicators were analyzed with Chemray 120vet apparatus and Biomaxima 

kits. To monitor the bodyweight of the rodents at the beginning of the experiment, as well as every 

week, animals were weighed on a mechanical scale. The data on the initial bodyweight, the weight 

gain rate and their weight at the end of the trial were recorded. 

7. Statistical analysis  

The statistical analyses were processed with IBM SPSS 19.0. software. Kolmogorov-Smirnov test 

was performed to determine the distribution. Results were expressed as an arithmetic mean and 

standard error of the mean (mean±SEM). A comparison of the results was  processed with One Way 

ANOVA test and Independent sample T test. A p value≤0.05 was considered statistically significant. 

  



21 
 

Results and Discussion  

1. Standardization of the dry extract of Satureja montana according to the quantification of 

rosmarinic acid and carvacrol 

In order to validate the HPLC method, three series of standard solutions of the pure substances were 

analyzed under the indicated conditions. It was found that in the selected concentration intervals (5-

40 µg/ml for rosmarinic acid and 2-20 µg/ml for carvacrol and thymol) there was a linear relationship 

between concentration and area of the chromatographic peak. 

The developed method was applied for quantitative determination of rosmarinic acid, carvacrol and 

thymol in dry extract of Satureja montana. The results are shown in Table 1. On Figure 1 is shown 

chromatogram of the dry extract of Satureja montana. 

Table 1.  Amounts of rosmarinic acid, carvacrol and thymol extracted from dry extract of Satureja 

montana in mg/g ± SD (n=3) 

 

Fig. 1. Chromatogram of dry extract of Satureja montana. 

The standardization of medicinal products with herbal origin is a first and important stage in their 

pharmacological research. The medical plant Satureja montana is well-known with its rich phenolic 

composition. (Oreopoulou A_et al_2019, Hudz N et al_2020) This group of active compounds is 

polar in nature and is extracted with water and/or alcohol. (Oreopoulou A_et al_2019) The use of two 

solvents, one of which is water, increases the yield of phenolic compounds. (Majekodunmi SO_2015) 

This is the reason in the present study methanol-water extraction method to be chosen for the 
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preparation of the dry extract of Satureja montana. The subsequent drying of the obtained extract 

through spray dryer aims to obtain a medicinal form, convenient and safe for use. This method 

achieves better control over the morphological features of the particles compared to other drying 

methods, which is the reason for its application in the present study. (Thampi A et al_2020) 

There are studies on the composition of Satureja montana in the available literature. However, it is 

necessary to conduct such an analysis in the present study, because the composition of this medical 

plant varies widely. (Hajdari A et al_2016, Vladić J et al_2020) This data requires the standardization 

of each medical product with plant origin by certain active substances before further research or 

application. The dry extract of Satureja montana, obtained in the present study, was standardized for 

the presence of rosmarinic acid and carvacrol and for this purpose an HPLC method was developed 

and validated. Considering the results presented in Table 1, it can be concluded that the developed 

method is accurate (RSD = 1.2÷6.56 %), precise and sensitive enough for the determination of 

rosmarinic acid, carvacrol and thymol. 

The presence of rosmarinic acid in the dry extract of Satureja montana, analyzed in the present study, 

is in accordance with the results of other research teams. (Hudz N et al_2020, Gomes F et al_2020) 

The concentration of this phenolic acid is higher than that measured in other studies, which is most 

likely due to the differences in the climate of the growth region of the plants. Carvacrol is a non-polar 

compaound, which is found to be one of the main ingredients in the essential oil from Satureja 

montana. (Oreopoulou A_et al_2019, Vitanza L et al_2018) The presence of that active ingredient in 

the dry extract of Satureja montana, analyzed in the present study, is probably due to its thermal 

stability and moderate solubility of carvacrol in alcohol, regardless of the extraction method used and 

the non-polar nature of the compound. (PubChem_b) 

2. Quantification of polyphenols and flavonoids 

The amount of total polyphenols and flavonoids measured in the dry extract of Satureja montana 

used in the present study is shown in Table 2. 

Table 2. Total polyphenols and flavonoids in the dry extract of Satureja montana 

 

Total polyphenols 

mg/100g 

Total flavonoids 

mg/100g 

32532.2 ± 497.8 1636.0 ± 16.0 
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Even if many individual compounds are identified, the entire range of polyphenolic compounds that 

contribute to antioxidant activity of a plant extract cannot be covered. (Badalica-Petrescu M et 

al_2014) For that reason, the total polyphenols are determined, which includes substances from the 

groups of flavonoids, flavones, anticyanides, tannins, free phenolic acids and others. 

Total polyphenols in the dry extract of Satureja montana, analyzed in the present study, are higher 

than these measured in other studies in our available literature, while the total flavonoids are less.  

(Zeljkovic´ SC´ et al_2015, Caprioli G et al_2019, Hajdari A et al_2016) These results are most likely 

due to the differences in the climate of the growth region of the plants, used in the different studies. 

3. In vitro antioxidant activity of the dry extract of Satureja montana 

A large number of methods for the measurement of the antioxidant activity were developed in 

accordance with the increased scientific interest as well as the need to discover of new molecules 

exhibiting such an activity. (Prior RL_2015) In agreement with the statements of some authors from 

our available literature, the  in vitro antioxidant activity of a substance or molecule to be measured 

by more than in vitro method, the ORAC, HORAC and electrochemical assays were selected in the 

present study to determine the ability of the dry extract of Satureja montana to neutralize free radicals. 

(López-Cobo A et al_2015, Alam MN et al_2013) The three in vitro methods were selected for their 

precision. (Danet AF_2021) 

The dry extract of Satureja montana shown in vitro antioxidant activity in all three methods used to 

determine this indicator. Results are shown in Table 3. 

Table 3. In vitro antioxidant activity of the dry extract of Satureja montana 

 

ORAC, 

µmol TE/g 

HORAC, 

µmol GAE/g 

АOA = K sample / K Trolox 

16.236/0.634 

8529.3 ± 159.0 2114.4 ± 17.6 25.6 

Only the study team of Moreira SA applied the ORAC method also used in the present study. (Moreira 

SA et al_2020) The in vitro antioxidant activity of the dry extract of Satureja montana, analyzed in 

the present study was lower than that measured by Moreira SA. These results are most likely due to 

the differences in the composition of the plant extracts, used in the different studies. A comparison 

of the results obtained with the other two in vitro antioxidant assays with those, published in the 

available literature is impossible due to the different methods used in the studies. (Zeljkovic´ SC´ et 
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al_2015) The in vitro antioxidant activity of the dry extract of Satureja montana, used in the present 

study, is most likely due to the presence of rosmarinic acid and carvacrol in its composition. The 

antioxidant effect of carvacrol is weaker than that of other phenolic compounds (Yildiz S et al_2020), 

therefore it could be assume that the exerted antioxidant activity of the dry extract of Satureja 

montana is due to the rosmarinic acid. In accordance with such hypothesis is the quantitative ratio of 

both phenolic compounds in the composition of the dry extract Satureja montana. 

4. Laboratory experiments 

4.1. Toxicity 

4.1.1 Acute toxicity 

No changes in the behavior of the experimental animals were obtained on the 24th hour after the oral 

administration of the dry extract of Satureja montana in the three experimental doses 5 g/kg b.w., 10 

g/kg b.w. and 15 g/kg b.w. and rosmarinic acid 5 g/kg b.w. The survival is 100% in all experimental 

groups. These results are the reason to consider the dry extract of Satureja montana and rosmarinic 

acid as non-toxic. In accordance with this conclusion is the statement of Clark & Clark that molecules 

that do not exhibit toxicity at a dose of 1g/kg b.w could be considered as non-toxic. (Clarke ML et 

al_1967) 

An acute toxicity study of carvacrol was not performed, as data on its LD50 in rats were found in our 

available literature, which was calculated to be 810mg/kg b.w. (Ghorani V et al_2021) 

4.1.2. Chronic toxicity 

4.1.2.1. Full blood count analysis 

Phytoextracts are characterized with good safety profile. (Savage K et al_2018) However, chronic 

toxicity study of any new medical product, including these with herbal origin, is necessary and 

important stage in their pharmacological research. (Ekor M_2014) 

The full blood count (FBC) didn’t show markers for hematological toxicity. No significant 

differences were found between the number of white blood cells (WBC), red blood cells (RBC), 

hemoglobin (HGB), mean hemoglobin concentration (MCH) and hematocrit (HCT) by the 

comparison between the groups (p>0,05). The FBC analysis showed a significant difference in the 

number of platelets in the group treated with rosmarinic acid, compared to saline control group. 

However, all values were in reference ranges. The results are shown on figure 2. 
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Figure 2. A plasma platelets concentration after 90 days treatment with the dry extract of Satureja 

montana, carvacrol and rosmarinic acid 

* A significant increase of the plasma platelets concentration in the group treated with rosmarinic 

acid compared to saline control group, found with One Way ANOVA test and Games-Howell Post 

Hoc test 

** A significant increase of the plasma platelets concentration in the group treated with rosmarinic 

acid compared to the group treated with the dry extract of Satureja montana 500mg/kg b.w, found 

with One Way ANOVA test and Games-Howell Post Hoc test 

4.1.2.2. Biochemical analysis 

The investigation of the biochemical parameters AST, ALT, glucose, cholesterol, ionied Ca2+, 

triglycerides and uric acid also didn’t show chronic toxicity signs by comparison of the results 

between groups. No significance was found in the levels of ALT, glucose, cholesterol, triglycerides 

and uric acid (p>0,05). Visualization of the results is not shown. Significant variations were 

established for AST between the group treated with carvacrol and olive oil control group. However, 

all parameters are in the references for 17+ weeks old male Wistar rats. (Giknis MLA et al_2008) The 

ionized Са2+ was significantly increased in the group treated with rosmarinic acid compared to saline 

control group as well as in the group treated with carvacrol and olive oil control group. The ionized 

Са2+ was significantly decreased in the group treated with the dry extract of Satureja montana 

compared to rosmarinic acid and carvacrol treated groups. However, all of them were in the reference 

ranges. (Giknis MLA et al_2008) The results are shown on figure 3. 
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Figure 3. Plasma concentrations of AST and ionized Са2+ after 90 days treatment with the dry 

extract of Satureja montana, carvacrol and rosmarinic acid 

* A significant increase of the plasma AST and ionized Са2+ concentrations in the group treated with 

carvacrol compared to the olive oil control group, found with One Way ANOVA test and Tukey HSD 

Post Hoc test 

**  A significant increase of the plasma ionized Са2+ concentration in the group treated with 

rosmarinic acid compared to saline control group, found with One Way ANOVA test and Tukey HSD 

Post Hoc test 

# A significant decrease of the plasma ionized Са2+ concentration in the group treated with the dry 

extract of Satureja montana compared to the rosmarinic acid and carvacrol treated groups, found with 

One Way ANOVA test and Tukey HSD Post Hoc test 

4.1.2.3. Histological analysis 

The light microscopic examination of the liver, kidney and brain histological samples of the animals 

of all examined groups demonstrated normal morphology of the organs. No pathological changes 

were observed for all examined organs between control and experimental groups. These results are 

reason to assume that the treatment with the dry extract of Satureja montana, carvacrol and rosmarinic 

acid does not cause pathological histological changes and has no toxic effects. 
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Group 

--------- 

Organ 

        

Saline 

1ml/100g b.w 

Olive oil 

1ml/ 100g b.w 

Satureja  

montana 

250mg/kg b.w 

Carvacrol 

500mg/kg b.w 

Rosmarinic acid 

15mg/kg b.w 

Liver 

     
Kidney 

     

Brain 

     

The results from the biochemical assay are in accordance with the histological analysis and confirm 

the conclusion of the lack of chronic toxicity of the dry extract of Satureja montana and self-

administered active compounds rosmarinic acid and carvacrol. These data are confirmed by some 

studies in the available literature. (Iswandana R et al_2016, Khalaf AE et al_2021) None of the 

studied substances suppressed white and red blood cells. A significant difference was found only to 

the plasma platelets concentration in comparing the group treated with rosmarinic acid. Despite the 

statistically significant increase in this parameter, the values are similar to those of other studies in 

our available literature and remain within the reference for 17+ week Wistar rats. (Madureira AR et 

al_2016, Giknis MLA et al_2008) For this reason it could be assumed that the significant difference 

is due to the normal variations of the platelets concentration between animals and it is not a 

consequence of the treatment with rosmarinic acid. The same conclusion could be made for the results 

obtained after biochemical analysis of AST and ionized Са2+. 

4.2. Analgesic effect 

The antinociceptive methods used in the present study are based on an evoked response. This group 

of tests are a standard in the measurement of nociceptive response due to the lack of animal training, 

quantitative measurement of the outcome and the ability to be tailored to the type of the studied 
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nociception. (Larson CM et al_2019, Herzberg DE et al_2021) The Tailflick test and the Hargreaves 

method cover two levels of reflex control – spinal and supraspinal respectively. (Gregory NS et 

al_2013) 

4.2.1. Investigation of the analgesic effect after 14 days treatment with dry extract of S. 

montana, carvacrol, rosmarinic acid, saline and olive oil 

4.2.1.1. Tail flick test 

Metamizol showed significant antinociceptive effect on the 1st, 2nd and 3rd hour after administration 

compared to saline and olive oil. Both experimental doses of the dry extract of Satureja montana 

increased the time to the tail withdraw only on the 3rd hour after administration compared to the saline 

control group (р=0,011 and р=0,003). This effect was not observed in the groups treated with 

rosmarinic acid and carvacrol. Both experimental doses of the dry extract of Satureja montana 

increased the time to the withdraw of the tail only on the 2nd hour after administration compared to 

the carvacrol treated group (р=0,014 and р=0,010). Visualization not shown. 

4.2.1.2. Hargreaves’ method 

Metamizol showed significant antinociceptive effect on the 1st, 2nd and 3rd hour after administration 

compared to saline and olive oil.  

The dry extract of Satureja 250mg/kg increased significantly the time to the paw withdraw in all 

measurements after the administration compared to the negative control treated with saline. 

Compared to the same control group the higher dose at 500mg/kg b.w of the dry extract of Satureja 

montana and rosmarinic acid had significant antinociceptive effect in the measurements on the 1st 

and 2nd hour. Carvacrol increased statistically significant the paw withdraw only on the 1st hour after 

administration compared to the negative olive oil control group. Results are shown on Figure 4. 
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Figure 4. An antinociceptive effect of the dry extract of Satureja montana, rosmarinic acid and 

carvacrol after 14 days treatment 

* A statistically significant increase in the time to the paw withdraw found with Independent sample 

T test by the comparison to the negative control group treated with saline 

^ A statistically significant increase in the time to the paw withdraw found with Independent sample 

T test by the comparison to the negative control group treated olive oil  

# A statistically significant decrease in the time to the paw withdraw found with Independent sample 

T test by the comparison to the positive control group treated with Metamizol  

The dry extract of Satureja montana 250mg/kg increased significantly the time to the paw withdraw 

on the 2nd and 3rd hour after administration when compared to the carvacrol treated group (р=0,025 

and р=0,007). The dose of 500mg/kg b.w. of the dry extract of  Satureja montana had a significant 

antinociceptive effect only in the measurement on the 2nd hour when compared to the same 

experimental group (р=0,022). None of both experimental doses of the dry extract of Satureja 

montana had a significant analgesic activity compared to the rosmarinic acid treated group. 

Visualization not shown. 

4.2.2. Investigation of the analgesic effect after 30 days treatment with dry extract of S. 

montana, carvacrol, rosmarinic acid, saline and olive oil 

4.2.2.1. Tail flick test 

Metamizol showed significant antinociceptive effect on the 1st, 2nd and 3rd hour after administration 

compared to saline and olive oil.  

The dry extract of Satureja 250mg/kg increased significantly the time to the tail withdraw in all 

measurements after the administration compared to the negative control treated with saline. The 

higher dose at 500mg/kg b.w of the dry extract of Satureja montana had a significant antinociceptive 

effect in the measurements on the 2nd and 3rd hour compared to the same control. The rosmarinic acid 

increased statistically significant the time to the tail withdraw only on the 3rd hour after administration 

compared to the negative saline control group. This effect was not observed in carvacrol treated 

group. Results are shown on Figure 5. 
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Figure 5. An antinociceptive effect of the dry extract of Satureja montana, rosmarinic acid and 

carvacrol after 30 days treatment 

* A statistically significant increase in the time to the tail withdraw found with Independent sample 

T test by the comparison to the negative control group treated with saline 

# A statistically significant decrease in the time to the tail withdraw found with Independent sample 

T test by the comparison to the positive control group treated with Metamizol  

The dry extract of Satureja montana 250mg/kg increased significantly the time to the tail withdraw 

on the 2nd hour after administration when compared to the carvacrol and rosmarinic acid treated 

groups (р=0,007 and р<0,001). The higher dose of 500mg/kg b.w. of the dry extract of Satureja 

montana had a significant antinociceptive effect in the measurement on the 2nd hour when compared 

to the carvacrol (р=0,001). Visualization not shown. 

4.2.2.2. Hargreaves’ method 

Metamizol showed significant antinociceptive effect on the 1st, 2nd and 3rd hour after administration 

compared to saline and olive oil. Only the dose of 500mg/kg b.w of the dry extract of Satureja 

montana increased the time to the paw withdraw on the 1st hour after administration compared to the 

saline control group (п=0,032). This effect was not observed in the other experimental groups. 

Visualization not shown. 

The results obtained in the present study are in accordance with the data from the available literature, 

which are proving the antinociceptive effect of rosmarinic acid and carvacrol. (Raafat K et al_2016, 

Cavalcante Melo FH et al_2012) The lack of significant results in the tail-flick test after the oral 

administration with rosmarinic acid contradicts the conclusions of some study teams. This variation 

of the results could be explained with the differences in the applied experimental doses. (Gamaro GD 
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et al_2011) It is possible that the longer treatment with rosmarinic acid and carvacrol may lead to the 

development of tolerance. In accordance with such a hypothesis is the lack of a significant 

antinociceptive effect in the Hargreaves method after 30 days treatment, which was obtained in the 

tail-flick test in the rosmarinic acid treated group as well as absence of antinociception in the carvacrol 

group. 

The mechanism of the antinociceptive activity of both phenolic derivatives has not been clarified. 

The involvement of peripheral and central levels of control is assumed. (Cavalcante Melo FH et 

al_2012) The involvement of opioid receptors in the antinociceptive effect of rosmarinic acid has 

been hypothesized. (Lucarini R et al_2013) A possible mechanism of analgesic activity of carvacrol 

is its ability to induce hyperpolarization of neuronal membranes. (Luo QT et al_2014)  

No studies on the antinociceptive effect of an alcoholic-aqueous extract of Satureja montana were 

found in the available literature with which to compare the results obtained in the present study. The 

manifestation of a significant analgesic activity in the both tests suggests the involvement of central 

and peripheral mechanisms of antinociceptive action. Similarly to the self-administrated rosmarinic 

acid and carvacrol, the groups treated with both experimental doses of the dry extract of Satureja 

montana showed more pronounced analgesic effect at the peripheral level, as measured by the tail-

withdrawal test, after 30 days treatment. 

The antinociceptive effect of the dry extract of Satureja montana was more pronounced than that of 

rosmarinic acid and carvacrol administered alone, therefore a synergism at the pharmacokinetic 

and/or pharmacodynamic level between both phenolic derivatives in the composition of the dry 

extract of Satureja montana could be assumed.  

4.3. Anti-inflammatory effect 

The carrageenan method was chosen in the presence study after in accordance with the literature data 

on the frequency of administration of the different inflammatory models. (Patil KR et al_2019) Its 

advantages are high reproducibility between individual laboratories, as well as its good correlation 

with effective doses used in subsequent treatment of patients. (Patil KR et al_2019, Morris CJ_2003) 

The inflammation induced with carrageenan is local and it is characterized by the five classic 

symptoms of the inflammation, of which measurements of edema and hypersensitivity are used to 

evaluate the anti-inflammatory effect. (Fehrenbacher JC et al_2012) In accordance with the data 

from the available literature a plethysmometer apparatus, Ugo Basile, for the measurement of the paw 

edema is used in the present study. (Fehrenbacher JC et al_2012) The measurements are provided in 

accordance with the time interval of maximum inflammation between 3rd and 5th hour after the 
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injection of carrageenan, followed by the attenuation of the inflammatory process until the 24th hour. 

(Winter CA et al_1962; Otterness IG et al_1988) 

The inflammation, induced by carrageenan develops in several phases. The early phase is mediated 

by histamine and serotonin, followed by kallikrein activation and an increase in bradykinin synthesis, 

while the late and final phase in the inflammatory cascade is due to an increase in prostaglandin 

levels, in particular the prostaglandin E. (Morris CJ_2003) The enzyme cyclooxygenase is one of the 

most important mediators with a regulatory function in the inflammatory cascade to which inhibition 

the carrageenan method is particularly sensitive. (Morris CJ_2003, de Oliveira RG et al_2014) The 

influence of the different phases allows to establish the probable mechanism of action of the tested 

molecule. (Patil KR et al_2019)  

4.3.1. Investigation of the anti-inflammatory effect after 14 days treatment with dry extract of 

S. montana, carvacrol, rosmarinic acid, saline and olive oil 

Diclofenac 25mg/kg b.w. reduced significantly the paw edema on the 2nd, 3rd, 4th and 24th hour after 

administration compared to both negative control groups treated with saline and olive oil.  

Both experimental doses of the dry extract of Satureja montana reduced the paw volume statistically 

significant on the 2nd, 3rd and 4th hour after the administration compared to the negative saline control 

group. The anti-inflammatory effect of the dose 250mg/kg b.w. of the dry extract of Satureja montana 

was maintained until the 24th hour after the administration, which was not observed in the group 

treated with the dry extract of Satureja montana 500mg/kg b.w. Rosmarinic acid did not reduce 

significantly the paw edema when compared to the negative saline control group. Carvacrol shown 

significant anti-inflammatory effect in all measurements after the administration when compared to 

the negative control group treated with olive oil. Only the dry extract of Satureja montana 250mg/kg 

had a significant anti-inflammatory activity on the 3rd and 4th hour compared to the positive control 

treated with Diclofenac. Results are shown on Figure 6. 
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Figure 6. An anti-inflammatory effect of the dry extract of Satureja montana, rosmarinic acid and 

carvacrol after 14 days treatment 

* A significant decrease in the paw volume found with  Independent t sample test by the comparison  

to the negative control, treated with saline 

** A significant decrease in the paw volume found with  Independent t sample test by the comparison  

to the negative control, treated with olive oil 

# A significant decrease in the paw volume found with  Independent t sample test by the comparison  

to the positive control, treated with Diclofenac 

The dry extract of Satureja montana 250mg/kg b.w reduced significantly the paw edema on the 3rd 

and 4th hour after the administration when compared to rosmarinic acid (р<0,001 and р<0,001) and 

carvacrol (р=0,024 and р=0,007). The higher experimental dose of the dry extract of Satureja 

montana had a significant anti-inflammatory effect only on the 4th hour when compared to the 

rosmarinic acid treated group (p=0.014). This effect was not observed by the comparison to the 

carvacrol treated group. Visualization not shown. 

4.3.2. Investigation of the anti-inflammatory effect after 30 days treatment with dry extract of 

S. montana, carvacrol, rosmarinic acid, saline and olive oil 

Diclofenac 25mg/kg b.w. reduced significantly the paw edema on the 2nd, 3rd, 4th and 24th hour after 

administration compared to saline treated group as well as on the 2nd and 4th hour compared to 

negative olive oil control group.  

The dry extract of Satureja montana had a significant anti-inflammatory activity in the measurements 

on the 2nd, 4th and 24th hour when compared to the saline control group. This effect was not observed 
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in the groups treated with the higher dose of the dry extract of Satureja montana, rosmarinic acid and 

carvacrol. Results are shown on Figure 7. 

 

Figure 7. An anti-inflammatory effect of the dry extract of Satureja montana, rosmarinic acid and 

carvacrol after 30 days treatment 

* A significant decrease in the paw volume found with  Independent t sample test by the comparison  

to the negative control, treated with saline  

# A significant increase in the paw volume found with  Independent t sample test by the comparison  

to the positive control, treated with Diclofenac 

The dry extract of Satureja montana 250mg/kg b.w reduced statistically significant the paw edema 

in all measurements after the administration compared to the rosmarinic acid treated group. The 

higher dose at 500mg/kg b.w of the dry extract of Satureja montana had a significant anti-

inflammatory effect on the 2nd, 3rd and 24th hour when compared to the same experimental group. 

None of both experimental doses of the dry extract of Satureja montana reduced significantly the 

paw edema compared to carvacrol. Results are shown on Figure 8.  
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Figure 8. Comparative anti-inflammatory effect of the dry extract of Satureja montana and 

rosmarinic acid after 30 days treatment 

* A significant decrease of the paw volume found with Independent t sample test by the comparison 

of both experimental doses of the dry extract of Satureja montana to the rosmarinic acid treated group  

Rosmarinic acid did not show a statistically significant anti-inflammatory activity in the present 

study. These results differ from the available data, published by other research teams. (Rocha J et 

al_2015, Boonyarikpunchai W et al_2014) The results from some studies in the available literature 

about the anti-inflammatory effect of  this phenolic acid are showing that the suppression of the 

inflammatory process from the rosmarinic acid is dose-dependent. (Rocha J et al_2015, 

Boonyarikpunchai W et al_2014)  The dose of 15mg/kg b.w applied in the present study differs from 

the experimental doses used from another research teams. (Rocha J et al_2015, Boonyarikpunchai W 

et al_2014)This is the most likely reason for the discrepancy between the results obtained in the 

present study and those in the available literature.  

Carvacrol exert anti-inflammatory activity in different experimental models of induction of the 

inflammatory process. (Fachini-Queiroz FC et al_2012, Silva FV et al_2012, Guimarães AG et 

al_2012) These data from the available literature are in accordance with the results, obtained in the 

present study. The development of tolerance against the carvacrol is possible. The reason for such a 

hypothesis is the presence of significant anti-inflammatory activity after 14 days treatment with this 

phenolic derivate, which disappears after 30 days of administration. In our available literature, 

carvacrol was administered once, therefore a comparison of the results obtained in the present study 

after 30 days treatment as well as a comparison of the stated hypothesis is impossible. 

A similar mechanism of anti-inflammatory action of rosmarinic acid and carvacrol has been reported. 

Both phenolic compounds were found to decrease the expression of messenger RNA (mRNA) for the 

synthesis of cyclooxygenase 2 (COX-2). (Sadeghi A et al_2020; Lima Mda S et al_2013) These data 

from the available literature are in accordance with the results obtained in the carrageenan-induced 

local inflammation model, which are comparable to those of NSAIDs. (Rocha J et al_2015; Lima 

Mda S et al_2013, Guimarães AG et al_2012). 

No studies on the anti-inflammatory effect in carrageenan induced inflammation model of an 

alcoholic-aqueous extract of Satureja montana were found in the available literature with which to 

compare the results obtained in the present study, nor data on the possible mechanism of anti-

inflammatory action of this medical plant. 
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The dry extract of Satureja montana exerted stronger anti-inflammatory effect compared to the self-

administered rosmarinic acid and carvacrol.  For that reason it could be hypothesized a potentiation 

of the anti-inflammatory effect of carvacrol by the rosmarinic acid in the composition of the dry 

extract of Satureja montana. We can assume that the suppression of the inflammatory process is due 

to the presence of carvacrol, since rosmarinic acid administered alone did not show a statistically 

significant effect in the present study. Another hypothesis that would explain the stronger anti-

inflammatory effect of the dry extract of Satureja montana compared to carvacrol is the significantly 

lower amount of this phenolic derivate in the composition of the dry extract than the experimental 

dose with which the animals of the respective group were treated. In our available literature has been 

demonstrated that the suppression of inflammation is stronger at lower doses. (Silva FV et al_2012, 

Fachini-Queiroz FC et al_2012) 

4.4. Investigation of the serum concentrations of pro-inflammatory cytokines 

4.4.1 In acute cold stress model 

The acute cold stress increased statistically significant the serum concentrations of TNF-α and IL-6 

in the positive olive oil control group when compared to the sham control. Only IL-6 was significantly 

increased in the second positive control group, treated with saline.  

None of the experimental substances decreased significantly the serum concentrations of the three 

pro-inflammatory cytokines. Both experimental doses of the dry extract of Satureja montana showed 

only a tendency to decrease IL-6 compared to the positive control group treated with saline. 

Compared to the same control rosmarinic acid increased statistically significant TNF-a as well as 

compared to the sham control group (p=0.029 and p=0.003 respectively). In all experimental groups 

the serum concentrations of IL-6 was significantly higher when compared to the sham control. 

Visualization not shown. 

The dry extract of Satureja montana 250mg/kg b.w. decreased significantly the serum concentration 

of IL-6 and TNF-a compared to the rosmarinic acid treated group as well as the serum concentration 

of IL-6 compared to the group treated with carvacrol. Results are shown on Figure 9. 
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Figure 9. Comparative effect of the dry extract of Satureja montana, rosmarinic acid and carvacrol 

on the serum concentrations of the pro-inflammatory cytokines IL-6, IL-1b and TNF-a after 14 days 

treatment in an acute cold stress model 

* Significantly reduced levels of IL-6 found with OneWay ANOVA and LSD Post Hoc tests when 

comparing the group treated with the dry extract of Satureja montana 250mg/kg b.w with rosmarinic 

acid treated group 

# Significantly reduced levels of IL-6 found with OneWay ANOVA and LSD Post Hoc tests when 

comparing the group treated with the dry extract of Satureja montana 250mg/kg b.w with carvacrol 

treated group 

^ Significantly reduced levels of TNF-a found with OneWay ANOVA and LSD Post Hoc tests when 

comparing the group treated with the dry extract of Satureja montana 250mg/kg b.w with rosmarinic 

acid treated group 

4.4.2. In chronic unpredictable mild stress model  

The chronic stress increased statistically significant the serum concentrations of IL-6 in both positive 

controls treated with saline and olive oil when compared to the sham control as well as the serum 

concentration of TNF-a in the positive olive oil control group.  

Both experimental doses of the dry extract of Satureja montana did not affect significantly the serum 

concentrations of the three pro-inflammatory cytokines compared to the saline positive and sham 

control groups. Rosmarinic acid increased statistically significant the serum concentration of IL-6 

compared to the sham but not to the saline positive control group. (р=0,013) Carvacrol exerted 

significant ant-inflammatory effect decreasing significantly the serum concentrations of IL-6 and 
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TNF-a compared to the olive oil positive control (p=0.011 and p=0.004). No significance was found 

by between both experimental doses of the dry extract of Satureja montana and self-administered 

rosmarinic acid and carvacrol. Visualization not shown. 

It is reported that both stress experimental models, used in the present study, affect the serum 

concentrations of the pro-inflammatory cytokines. (Guo J et al_2012, Wang Q_2017) The results 

obtained in the present study are in accordance with those of another study teams. (Guo J et al_2012, 

Wang Q_2017) 

According to Lembo S, Wei T, Fasolo JMMA, Ezz-Eldin YM, Liu SD and Zhao W  rosmarinic acid 

and carvacrol decrease the serum concentration of the investigated pro-inflammatory cytokines. 

(Lembo S et al_2014; Wei T et al_2021, Fasolo JMMA et al_2021; Ezz-Eldin YM et al_2020; Liu SD 

et al_2019, Zhao W et al_2020) Our results on the effects of rosmarinic acid and carvacrol on IL-1b, 

TNF-a and IL-6 levels are contradictory. In the acute cold stress model, both phenolic compounds 

increased the levels of the three investigated cytokines, but decreased their serum concentrations in 

the chronic unpredictable stress model. A possible reason for this discrepancy is the different 

experimental models used to induce a systemic inflammatory response, as well as the different doses 

administered by the research groups. To our knowledge we are the first investigating the effect of 

rosmarinic acid and carvacrol on the serum concentrations on the pro-inflammatory cytokines in 

experimental stress models.  

No studies on the effect of the dry extract of Satureja montana on the serum concentrations on the 

pro-inflammatory cytokines were found in the available literature with which to compare the results 

obtained in the present study. The serum concentrations of IL-6, IL-1b and TNF-a after the treatment 

with both experimental doses dry extract of Satureja montana were similar to those after the self-

administration of rosmarinic acid and carvacrol. For that reason we can hypothesize that the effect of 

the dry extract of Satureja montana on the proinflammatory cytokines is due to the presence of 

rosmarinic acid and carvacrol in its composition. We found differences in the effects of both self-

administered phenolic compounds versus those of their combination in the composition of the dry 

extract of Satureja montana. The dry extract of Satureja montana decreased statistically significant 

the serum concentrations of IL-6 and TNF-a when compared to rosmarinic acid and carvacrol. 

Carvacrol significantly reduced IL-6 and TNF-a in the chronic unpredictable stress model, as this 

effect was not found for the dry extract of Satureja montana. These results give us reason to 

hypothesize synergistic-antagonistic interactions of both phenolic compounds in the composition of 

the extract of Satureja montana. 
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4.5. Anxiolytic effect 

The behavior and the cognitive abilities are affected by the impact of various stress factors whic 

disrupt the homeostasis of the body. (El Marzouki H et al_2021, Santori A et al_2020) In the 

experimental medicine different methods of stress induction are used, grouped according to their 

nature (physical, social, psychological) and the time of impact (acute or chronic). (Borghans B et 

al_2015, El Marzouki H et al_2021)  

Acute cold stress as well as the chronic unpredictable stress lead to changes in the mood and behavior. 

These two experimental models are associated with the manifestations of anxious and depressed 

behavior in experimental animals. (Xu B et al_2018, El Marzouki H et al_2021, Fukuhara K et 

al_1996) For that reason acute cold stress and chronic unpredictable mild stress models were selected 

in the design of the present study to induce anxiety behavior. 

In rodents the anxiety is evaluated with various tests which are based on conflict situations between 

their innate curiosity and the desire to avoid a certain unknown factor. (Fedotova J et al_2017, Millan 

MJ et al_2003) In accordance with the data, published in the available literature on the most 

commonly used methods to determine the anxiolytic effect, the Elevated cross-maze, Vogel test, 

locomotor activity study and social interaction were used in the present study. (Fedotova J et al_2017, 

Millan MJ et al_2003) 

4.5.1 Investigation of the anxiolytic effect of the dry extract of  Satureja montana in acute cold 

stress model 

4.5.1.1. Elevated plus maze 

The elevated plus maze (EPM) is most commonly used for screening of new drugs and molecules for 

potential anxiolytic action. It has been found that rodents with anxiety-like behaviors exit less and 

stay shorter in the open arms of the apparatus. (Komada M et al_2008, Tang M et al_2019)  

In the present study acute stress increased significantly the time spent in the closed arms of the EPM 

and decreased that in the open arms of the apparatus in both positive controls when compared to the 

corresponding negative control group. 

The dry extract of Satureja montana 250mg/kg b.w. reduced significantly the time spent in the closed 

arms of the EPM and increased that into the open arms of the apparatus compared to the saline positive 

control as well as to the carvacrol treated group. This effect was not observed to the animals treated 

with the higher experimental dose of the dry extract of Satureja montana and carvacrol. Rosmarinic 

acid increased only the time spent into the open arms of the EPM compared to the saline positive 
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control group. None of both experimental doses of the dry extract of Satureja montana shown 

significant anxyolitic effect compared to the group treated with rosmarinic acid. Results are shown 

on Figure 10. 

 

Figure 10. Anxiolytic effect of the dry extract of Satureja montana, rosmarinic acid and carvacrol, 

measured in elevated plus maze test via time spent in closed and open arms of apparatus after 14 

days treatment in acute cold stress model 

# A significant decrease of the time spent in open arms and increase of the time spent in the closed 

arms of elevated plus maze found with Independent sample T test between both positive and both 

negative control groups 

** A significant increase of the time spent in open arms of elevated plus maze found with Independent 

sample T test by comparison to the saline positive control group 

* A significant decrease of the time spent in the closed arms of elevated plus maze found with 

Independent sample T test by comparison to the saline positive control group 

^ A significant increase of the time spent in the closed arms of elevated plus maze found with 

Independent sample T test by comparison of carvacrol and the dry extract of Satureja montana 

250mg/kg b.w 

^^ A significant decrease of the time spent in the open arms of elevated plus maze found with 

Independent sample T test by comparison of carvacrol and the dry extract of Satureja montana 

250mg/kg b.w 

Acute cold stress tress did not significantly affect the number of entries on the open and closed arms 

of the EPM apparatus. The dry extract of Satureja montana 250mg/kg b.w increased significantly the 

number of entries in the closed arms of EPM compared to the saline positive control group – p=0.009. 
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This effect was not observed in the other experimental groups as well as in terms of the number of 

entries into the closed arms of the apparatus. 

4.5.1.2. Social interaction test 

The social interaction test is used rarely due to the risk of false positive or negative results. Avoiding 

this type of error requires that when interpreting the results, data from other behavioral tests 

evaluating anxiolytic activity of the tested molecules should also be taken. (Lezak KR et al_2017, File 

SE et al_2003) An advantage of the method is considering the participation of the neurotransmitters 

5-hydroxytryptamine and gamma-amino-butyric acid (GABA). (File SE et al_2003) 

Acute cold stress significantly decreased the time investigating a novel individual in both positive 

controls when compared to the corresponding negative control groups.  

Both experimental doses of the dry extract of Satureja montana and rosmarinic acid increased 

significantly the time of social interaction compared to the positive control treated with saline. A 

similar effect was shown by carvacrol compared to the second positive control group, treated with 

olive oil. 

The dry extract of Satureja montana 250mg/kg b.w had a significant anxiolytic effect, compared to 

rosmarinic acid. Compared to the same group this effect was not observed for the animals treated 

with higher experimental dose of the dry extract of Satureja montana. None of both doses of the dry 

extract of Satureja montana had a significant anxiolytic effect compared to carvacrol. The animals 

from the group treated with this phenolic compound spent statistically significant longer time to 

investigate the novel individual compared to the group treated with Satureja montana 500mg/kg b.w. 

Results are shown on Figure 11. 

 

Figure 11. Effect of the dry extract of Satureja montana, rosmarinic acid and carvacrol on the social 

interaction after 14 days treatment in acute cold stress model 
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# A significant decrease in the time spent in investigation of the novel individual found with 

Independent sample T test in both positive control groups compared to both negative controls  

* A significant increase in the time spent in investigation of the novel individual found with 

Independent sample T test by comparison to the saline positive control group 

** A significant increase in the time spent in investigation of the novel individual found with 

Independent sample T test by comparison to the olive oil positive control group 

+ A significant increase in the time spent in investigation of the novel individual found with 

Independent sample T test in the group treated with the dry extract of Satureja montana 250mg/kg 

b.w when compared to the rosmarinic acid treated animals 

^ A significant increase in the time spent in investigation of the novel individual found with 

Independent sample T test in the group treated with carvacrol when compared to the dry extract of 

Satureja montana 500mg/kg b.w  

4.5.1.3. Vogel conflict test 

The Vogel test is sensitive to any changes in the levels of the GABA mediator, making it a suitable 

choice for determining a potential mechanism of action of the tested molecules. (Millan MJ et 

al_2003) The lack of interest to the drinking water is typical for anxiety rodents, corresponding to a 

lower number of licks. (Fedotova J et al_2017, Millan MJ et al_2003)  In accordance with this data 

from our available literature acute cold stress significantly decreased the number of shock licks in 

both positive control groups in the present study. However, a significant difference to the number of 

total licks was not found.  

None of the experimental substances had a significant impact on the number of total or shock licks 

compared to the corresponding positive control groups. Statistically significant differences between 

the experimental groups was not found. Visualization not shown. 

4.5.1.4. Measurement of locomotor activity 

An advantage of this method is the possibility to simultaneously study not only the anxiety, but also 

the spontaneous locomotor activity of the experimental animals. (La-Vu M et al_2020, Tucker LB et 

al_2021) The investigation of the locomotor activity is important part of the interpretation of some 

behavioral tests for determining anxiolytic and antidepressant activity of the studied substances. (File 

SE et al_2003, Slattery DA et al_2012) When locomotor activity testing is considered as a method to 

determine the anxiolytic activity, the test should be used in combination with an elevated plus maze 
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and/or dark/light box. (Tucker LB et al_2021) The method is sensitive to changes in serotonin, 

dopamine and noradrenaline mediation. (Rossignol S et al_2011) 

For investigating the locomotor activity Activity cage apparatus, Ugo Basile was used. Acute cold 

stress decreased significantly the horizontal and vertical locomotor activity when comparing both 

control groups treated with saline (р=0,009 and р<0,001 respectively). These results were not 

observed when comparing both control groups treated with olive oil. 

Only the dry extract of Satureja montana 250mg/kg b.w. increased significantly the spontaneous 

vertical activity when compared to the positive control group treated with saline as well as to the 

rosmarinic acid treated group (р<0,001). The higher experimental dose of the dry extract of Satureja 

montana, rosmarinic acid and carvacrol did not have an anxiolytic effect compared to the 

corresponding positive control group. No statistically significant differences were found between 

these three experimental groups. None of the experimental substances increased the spontaneous 

locomotor activity compared to the negative control groups. Visualization not shown. 

4.5.1.5.  New object recognition test 

Stress can have different effects on memory. (El Marzouki H et al_2021) While acute stress may not 

affect or even enhance cognitive abilities, exposure to chronic stress is more often associated with 

their impairment.  (Kirby ED et al_2013, Alqurashi GK et al_2022) In the present study acute cold 

stress did not have a significant impact on the recognition memory of the animals when comparing 

both positive and both negative control groups treated with saline and olive oil respectively. 

The dry extract of Satureja montana 250mg/kg b.w significantly increased the time spent in 

investigating the new object compared to the positive control group treated with saline. However 

significant increase of the discrimination index (DI) was not found. The dry extract Satureja montana 

500mg/kg b.w increased statistically significant all studied parameters compared to the positive 

control group treated with saline. Compared to the same control the group treated with rosmarinic 

acid had a significant higher DI. Carvacrol had no impact on the recognition memory compared to 

the positive control treated with olive oil. 

Rosmarinic acid significantly increased the DI compared to the dry extract of Satureja montana 

250mg/kg b.w. This effect was not observed when compared to the higher experimental dose of the 

dry extract of Satureja montana. Both experimental doses of the dry extract of Satureja montana 

increased statistically significant the time spent in investigating the new object compared to the 

carvacrol treated group. Compared to the same group the dose at 500mg/kg b.w had a significant 

higher DI. Results are shown on figure 12. 
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Figure 12. Effect of the dry extract of S. montana, rosmarinic acid and carvacrol on the recognition 

memory after 14 days treatment in acute cold stress model 

* A significant increase of the time spent in investigation of the new object and DI found with 

Independent sample T test by comparison to the saline positive control group 

^ A significant increase of DI found with Independent sample T test in the group treated with 

rosmarinic acid when compared to the group treated with the dry extract of Satureja montana 

250mg/kg b.w 

# A significant decrease of the time spent in investigating the new object found with Independent 

sample T test in the group treated with carvacrol when compared to both experimental doses of the 

dry extract of Satureja montana 

## A significant decrease of DI found with Independent sample T test in the group treated with 

carvacrol when compared to the group treated with the dry extract of Satureja montana 500mg/kg 

b.w,  

4.5.2. Investigation of the anxiolytic effect of the dry extract of Satureja montana in chronic 

unpredictable mils stress model 

4.5.2.1. Elevated plus maze 

Chronic unpredictable mild stress decreased significantly the time spent in the open arms and 

increased that in the closed arms of the EPM apparatus in both positive controls when compared to 

the corresponding negative control groups treated with saline and olive oil respectively. 

The dry extract of Satureja montana at doses 250mg/kg b.w and 500mg/kg b.w. decreased 

significantly the time spent in the closed arms of the apparatus, but had no significant impact on the 

time spent in the open arms of the EPM. This effect was not observed in the group treated with 
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rosmarinic acid. Carvacrol increased statistically significant the time spent in the open arms and 

decreased that in the closed arms of the apparatus compared to the positive group treated with olive 

oil. None of both experimental doses dry extract of Satureja montana had a significant anxiolytic 

effect compared to the group treated with carvacrol. The dry extract of Satureja montana 500mg/kg 

b.w. decreased significantly the time spent in the closed arms of the elevated plus maze compared to 

the group treated with rosmarinic acid. Compared to the same group, this effect was not observed in 

rodents treated with the dry extract of Satureja montana 250mg/kg b.w. Results are shown on Figure 

13. 

 

Figure 13. Anxiolytic effect of the dry extract of Satureja montana, rosmarinic acid and carvacrol, 

measured in elevated plus maze test via time spent in closed and open arms of apparatus after 60 

days treatment in chronic unpredictable mild stress model 

# A significant decrease of the time spent in the open arms and increase of the time spent in the closed 

arms of elevated plus maze found with Independent sample T test in both positive control groups 

when compared to the both negative control groups 

* A significant decrease of the time spent in the closed arms of elevated plus maze found with 

Independent sample T test by comparison to the positive control group treated with saline 

+  A significant decrease of the time spent in the closed arms and increase of the time spent in the 

open arms of elevated plus maze found with Independent sample T test in the group treated with 

carvacrol when compared to the positive control treated with olive oil  

^ A significant decrease of the time spent in the closed arms of elevated plus maze found with 

Independent sample T test in the group treated with Satureja montana 500mg/kg b.w when compared 

to the rosmarinic acid treated group 
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Chronic unpredictable mild stress increased significantly the number of entries in the closed and open 

arms of the EPM apparatus in the positive group treated with saline. In the positive control group that 

received olive oil, a significant increase in the number of entries into the closed arms of the apparatus, 

but a decrease in exits from the open arms was also found. 

The dry extract of Satureja montana 250mg/kg b.w decreased statistically significant the number of 

entries in the closed and open arms of the EPM apparatus compared to the positive control group, 

treated with saline. Compared to the same control the higher dose of the dry extract of Satureja 

montana reduced significantly the number of entries into the closed arms of the apparatus without 

having a statistically significant impact on the number of entries into the open arms. These effects 

were not observed in the groups treated with rosmarinic acid and carvacrol.  

The dry extract of Satureja montana 250mg/kg b.w decreased statistically significant the number of 

entries in the closed arms of the apparatus compared to the rosmarinic acid. None of both 

experimental doses dry extract of Satureja montana had a significant impact on these two indicators 

compared to the group treated with carvacrol. Results are shown on Figure 14. 

 

Figure 14. Anxiolytic effect of the dry extract of Satureja montana, rosmarinic acid and carvacrol, 

measured in elevated plus maze test via the number of entries in closed and open arms of apparatus 

after 60 days treatment in chronic unpredictable mild stress model 

# A significant difference in the number of entries into the closed and open arms of the elevated plus 

maze apparatus found with Independent sample T test between both positive and both negative 

control groups 

* A significant decrease in the number of entries into the closed and open arms of the elevated plus 

maze apparatus found with Independent sample T test by comparison to the positive control group 

treated with saline 
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^ A significant decrease in the number of entries into the closed arms of the elevated plus maze 

apparatus found with Independent sample T test in the group treated with the dry extract of Satureja 

montana when compared to the group treated with rosmarinic acid 

4.5.2.2. Social interaction test 

Chronic unpredictable mild stress decreased significantly the time spent in investigating of the novel 

individual in both positive control groups treated with saline and olive oil respectively when 

compared to the corresponding negative control groups. 

Both experimental doses of the dry extract of Satureja montana increased statistically significant the 

time of social interaction compared to the positive control treated with saline. The same effect was 

observed in the group received carvacrol when compared to the positive olive oil control group. This 

effect was not found in the group treated with rosmarinic acid. No statistically significant increase in 

social interaction time was found when comparing the results of animals from the groups treated with 

both doses of the dry extract of Satureja montana with those of animals treated with rosmarinic acid 

and carvacrol. Results are shown on Figure 15. 

 

Figure 15. Effect of the dry extract of Satureja montana, rosmarinic acid and carvacrol on the social 

interaction after 60 days treatment in chronic unpredictable stress model 

# A significant decrease in the time spent in investigation of the novel individual found with 

Independent sample T test in both positive control groups compared to both negative controls  

* A significant increase in the time spent in investigation of the novel individual found with 

Independent sample T test by comparison to the saline positive control group  
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^ A significant increase in the time spent in investigation of the novel individual found with 

Independent sample T test by comparison to the  positive control group treated with olive oil 

4.5.2.3. Vogel conflict test 

Chronic unpredictable mild stress significantly decreased the number of shock licks in both positive 

control groups in the present study. However, a significant difference to the number of total licks was 

not found.  

The dry extract of Satureja montana 250mg/kg b.w. increased statistically significant the number of 

shock licks when compared to the positive group treated with saline (р=0,043). This effect was not 

observed in the other experimental groups. No significant differences were found when comparing 

both doses of the dry extract of Satureja montana to the self-administered rosmarinic acid and 

carvacrol. Visualization not shown. 

4.5.2.4. Measurement of locomotor activity 

Chronic unpredictable mild stress decreased significantly the horizontal locomotor activity in the 

positive control group treated with saline when compared to the negative saline control. No 

statistically significant changes were observed between these two groups in terms of vertical activity. 

In the both groups treated with olive oil no significant differences in the locomotor activity were 

observed. However, a tendency to decrease the number of horizontal movements and to increase the 

number of vertical movements was found. 

The dry extract of Satureja montana 250mg/kg b.w. and rosmarinic acid significantly increased the 

number of horizontal but not vertical movements compared to the positive control group treated with 

saline. Compared to the same control group the dry extract of Satureja montana 500mg/kg b.w. did 

not significantly affect locomotor activity. Carvacrol decreased significantly the vertical activity 

compared to the positive control group treated with olive oil. The dry extract of Satureja montana at 

doses 250mg/kg b.w and 500mg/kg b.w. increased statistically significant the horizontal and vertical 

movements compared to the animals, received carvacrol but not to these treated with rosmarinic acid. 

None of the experimental substances increased the locomotor activity compared to the corresponding 

negative control group. Results are shown on Figure 16. 
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Figure 16. Effect of the dry extract of Satureja montana, rosmarinic acid and carvacrol on the 

locomotor activity  after 60 days treatment in chronic unpredictable stress model 

# A significant decrease of the horizontal activity found with Independent sample T test in both 

positive control groups compared to both negative controls  

* A significant increase of the horizontal activity found with Independent sample T test by 

comparison to the positive control group treated with saline 

** A significant decrease of the vertical activity found with Independent sample T test by comparison 

to the positive control group treated with olive oil 

^ A significant increase of the horizontal and vertical activity found with Independent sample T test 

in both groups treated with the dry extract of Satureja montana when compared to the carvacrol 

treated group 

4.5.2.5.  New object recognition test 

Chronic unpredictable mild stress decreased statistically significant the time spent in investigation of 

the new object, but did not significantly affect the discrimination index in both positive control groups 

when compared to the corresponding negative control group. 

The dry extract of Satureja montana at doses 250mg/kg b.w. and 500mg/kg b.w. and rosmarinic acid 

increase statistically significant all studied parameters compared to the positive control group treated 

with saline. Carvacrol did not have a significant impact on the recognition memory. Both 

experimental doses of the dry extract of Satureja montana increase statistically significant the time 

spent in investigation of the new object compared to the groups treated with rosmarinic acid and 

carvacrol. Results are shown on Figure 17. 
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Figure 17. Effect of the dry extract of S. montana, rosmarinic acid and carvacrol on the recognition 

memory after 60 days treatment in chronic unpredictable mild stress model 

# A significant decrease in the time spent in investigation of the new object found with Independent 

sample T test in both positive control groups when compared to the corresponding negative control 

* A significant increase in the time spent in investigation of the new object and the discrimination 

index found with Independent sample T test by the comparison to the positive control group treated 

with saline 

^ A significant decrease in the time spent in investigation of the new object found with Independent 

sample T test in the group treated with rosmarinic acid when compared to the both experimental doses 

of the dry extract of Satureja montana 

^^ A significant decrease in the time spent in investigation of the new object found with Independent 

sample T test in the group treated with carvacrol when compared to the both experimental doses of 

the dry extract of Satureja montana 

The results for the rosmarinic acid-treated group obtained in the present study are in accordance with 

those of our available literature for the anxiolytic activity of the this phenolic compound, but with no 

impact on the spontaneous locomotor activity of the animals. (Mirza FJ et al_2021, Nie H et al_2014, 

Fonteles AA et al_2016) No data on the effect of rosmarinic acid on the social interaction were found 

in the available literature.  

According to Naeem K и Noshy PA carvacrol also reduces anxious behavior without an increase in 

the locomotor activity. (Naeem K et al_2021, Noshy PA et al_2018) In our study similar results were 

obtained. 
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The exact mechanism of anxiolytic action of these phenolic compounds is not fully understood. The 

presence of an effect of rosmarinic acid on T-type calcium ion channels in the central nervous system, 

GABA- and cholinergic mediation was found. (Ghasemzadeh Rahbardar M et al_2020a) The results 

obtained in the present study are a reason to assume as a more likely mechanism of anxiolytic action 

the hypotheses of the influence of ion channels in the central nervous system (CNS) and cholinergic 

mediation. The lack of a significant increase in shock licks in the Vogel test gives us reason to exclude 

the involvement of GABA in the manifested anxiolytic effect. More than one of the mentioned 

mechanisms is possible to be involved in the obtained anxiolytic effect of the dry extract of Satureja 

montana. 

According to the Melo FH study team, carvacrol affects a number of neurotransmitters, including 

GABA, norepinephrine and serotonin. (Melo  FH et al_2010) These data could explain the results 

obtained in the examination of the locomotor activity and the social interaction in the present study, 

but not those of the Vogel test. 

Chronic low-grade inflammation and oxidative stress are involved in the development of anxiety, 

which in turn are associated with increased plasma concentrations of corticosterone, a consequence 

of stress. (Costello H et al_2019, Salim S_2017, Carnevali L et al_2020) For that reason in the 

discussion of the anxiolytic effects of rosmarinic acid and carvacrol, their antioxidant and anti-

inflammatory effects should be considered. (Nadeem M et al_2019, Luo C et al_2020, Mohammedi 

Z_2017) 

No studies on the effect of the dry extract of Satureja montana on the anxiety were found in the 

available literature. In the experiments carried out in the present study, the dry extract of that 

medicinal plant showed a stronger anxiolytic activity than self-administered rosmarinic acid and 

carvacrol, which gives us reason to hypothesize a synergism between phenolic compounds in the 

composition of the dry extract of Satureja montana. 

Literature data regarding the effect of rosmarinic acid on recognition memory are contradictory. 

(Mirza FJ et al_2021, Fonteles AA et al_2016) The results obtained in the investigation of this 

indicator in the present study are confirmed by some research groups in our available literature. 

(Fonteles AA et al_2016) The cognitive improvement of animals treated with this phenolic acid is 

likely due to its neuroprotective properties. (Mirza FJ et al_2021, Fonteles AA et al_2016) 

Like to the rosmarinic acid, carvacrol also improves the cognition processes in rodents (Elhady MA 

et al_2019, Lee B et al_2020), which is contrary to the results obtained in the present study. We can 
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assume that these differences are due to the used models of memory impairment as well as the 

different period of treatment with the phenolic compound. 

No studies on the effect of the dry extract of Satureja montana on the cognition were found in the 

available literature with which to compare the results obtained in the present study. The dry extract 

of Satureja montana only increased the time spent in investigation of the new object without a 

significant impact on the discrimination index. However, we can assume that the effect of the winter 

savory on the recognition memory is stronger than that of self-administered rosmarinic acid and 

carvacrol, which is probably due to the potentiation of the cognitive effect of the phenolic acid in the 

composition of the extract. 

4.6. Antidepressant effect 

4.6.1 In acute cold stress model 

The impact of the acute and chronic stress in the induction of behavioral changes in rodents was 

already discussed in the previous point.  

Forced swim test is most commonly used method for establishing depressive behavior in experimental 

animals and screening for potential antidepressant effect of new drug molecules, thus it was included 

in the design of the present study. (Slattery DA et al_2012, Slattery DA et al_2014) 

4.6.1.1. Forced swim test 

Acute cold stress increased significantly the time of immobility in both positive control groups. 

The dry extract of Satureja montana 250mg/kg b.w. increased statistically significant the time of 

active struggle compared to the positive group treated with saline. This effect was not observed in the 

other experimental groups treated with the dry extract of Satureja montana 500mg/kg b.w. and 

rosmarinic acid as well as in the group received carvacrol. The dry extract of Satureja montana 

250mg/kg b.w. reduced significantly the time of immobility compared to the rosmarinic acid and 

carvacrol. Results are shown on Figure 18. 
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Figure 18 Antidepressant effect of the dry extract of Satureja montana, rosmarinic acid and 

carvacrol after 14 days treatment in acute cold stress model 

** A significant increase of the time of immobility found with Independent sample T test in both 

positive control group when compared to the corresponding negative control 

* A significant decrease of the time of immobility found with Independent sample T test when 

compared to the positive group treated with saline 

# A significant decrease of the time of immobility found with Independent sample T test in the group 

treated with the dry extract of Satureja montana when compared to rosmarinic acid 

^ A significant decrease of the time of immobility found with Independent sample T test in the group 

treated with the dry extract of Satureja montana when compared to carvacrol 

4.6.2. In chronic unpredictable mild stress model 

4.6.2.1. Forced swim test 

Chronic unpredictable mild stress increased significantly the time of immobility in both positive 

control groups.  

The dry extract of Satureja montana 250mg/kg b.w. and rosmarinic acid increased statistically 

significant the time of active struggle compared to the positive group treated with saline. This effect 

was not observed in the other experimental groups treated with the dry extract of Satureja montana 

500mg/kg b.w. and carvacrol. None of both experimental doses of the dry extract of Satureja montana 

had a significant antidepressant effect compared to rosmarinic acid and carvacrol. Rosmarinic acid 

decreased significantly the time of immobility compared to the dry  Satureja montana 500mg/kg b.w. 

Results are shown on Figure 19. 
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Figure 19. Antidepressant effect of the dry extract of Satureja montana, rosmarinic acid and 

carvacrol after 60 days treatment in chronic unpredictable stress model 

** A significant increase of the time of immobility found with Independent sample T test in both 

positive control group when compared to the corresponding negative control 

* A significant decrease of the time of immobility found with Independent sample T test when 

compared to the positive group treated with saline 

# A significant decrease of the time of immobility found with Independent sample T test in the group 

treated with rosmarinic acid when compared to the dry extract of Satureja 500mg/kg b.w 

According to Lataliza AAB и Wang J rosmarinic acid exhibits a significant antidepressant effect by 

reducing the time of immobility in the forced swim test. (Lataliza AAB et al_2021, Wang J et al_2021) 

In the present study, this phenolic acid affected depressive-like behavior only in the chronic stress 

model. This could be explained by the longer treatment period as well as the different physiological 

mechanisms involved in both used stress models. Chronic stress is associated with a decrease in the 

activity of dopaminergic neurons in the ventral tegmenal region. Rosmarinic acid increases dopamine 

levels, which could explain the demonstrated antidepressant effect. (Fox ME et al_2019, Kondo S et 

al_2015)  

Unlike rosmarinic acid, in the present study, carvacrol did not show an antidepressant effect, which 

is contrary to our available literature data. (Polli FS et al_2019, Noshy PA et al_2018) This is most 

likely due to the different experimental doses and models for inducing depression. Carvacrol affects 

dopamine and serotonin neurotransmission (Polli FS et al_2019), but it is possible that these 

mechanisms of action are not effective enough to overcome stress-induced changes in the CNS. 
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No studies on the antidepressant effect of the dry extract of Satureja montana were found in the 

available literature. In the present study, the dry extract of this medicinal plant significantly reduced 

immobilization time in both stress models used. For that reason, it could be assumed a potentiation 

of the antidepressant effect of rosmarinic acid by carvacrol in the composition of the dry extract of 

Satureja montana. In support of such hypothesis, statistically significant differences were found in 

the studied parameters of the animals after oral administration of the dry extract of Satureja montana 

when compared with the results of the animals treated with rosmarinic acid and carvacrol. 

4.7. Effect on bodyweight, cortisol levels and oxidative stress in chronic unpredictable mild 

stress model 

4.7.1. Monitoring bodyweight changes in animals from the experimental and control groups 

When comparing the starting weights of the animals, it was established: 

А/ Animals from the negative control group with saline had significantly lower bodyweight when 

compared to the bodyweight of the animals from the corresponding positive control, rosmarinic acid 

and the dry extract of Satureja montana at doses 250mg/kg and 500mg/kg groups. 

B/ Animals from the negative control group with olive oil had significantly lower bodyweight when 

compared to the bodyweight of the animals from the positive control with olive oil and carvacrol 

groups. 

At the end of the experiment (day 60) the following statistically significant differences were found: 

А/ Significantly lower bodyweight of the animals in both positive control groups when compared to 

the bodyweight of the corresponding negative control group.  

B/ Rodents treated with the dry extract of Satureja montana at dose 250mg/kg b.w and rosmarinic 

acid also had a significant lower bodyweight when compared to the negative control treated with 

saline  

C/ Carvacrol-treated group was found to have a statistically significant lower bodyweight when 

compared to the negative control treated with olive oil. Results are shown on Figure 20. 
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Figure 20. Comparison of the bodyweight of animals treated with dry extract of S. montana, 

rosmarinic acid and carvacrol in a chronic unpredictable mild stress model 

* Statistically significant lower starting bodyweight found with  One-way ANOVA test and LSD post 

hoc test in the negative saline control group when compared to the positive control with saline 

rosmarinic acid and both experimental doses of the dry extract of Satureja montana 

** Statistically significant lower starting bodyweight found with  One-way ANOVA test and LSD 

post hoc test in the negative olive oil control group when compared to the positive control with olive 

oil and carvacrol groups  

# Statistically significant lower bodyweight at the end of the experiment found with  One-way 

ANOVA test and LSD post hoc test when compared with the negative control group treated with 

saline 

^ Statistically significant lower bodyweight at the end of the experiment found with  One-way 

ANOVA test and LSD post hoc test when compared with the negative control group treated with 

olive oil 

Animals from both positive controls showed a statistically significant slower weekly rate of weight 

gain compared to the both negative controls. The same effect was found in all experimental group 

when compared to the corresponding negative control group. Results are shown on Figure 21.  
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Figure 21. Comparison of rate of weight gain on a weekly basis in a model of chronic stress 

* Significant slower weekly rate of weight gain found with  One-way ANOVA test and LSD post hoc 

test when compared to the negative control with saline  

^ Significant slower weekly rate of weight gain found with  One-way ANOVA test and LSD post hoc 

test when compared to the negative control with olive oil 

Chronically stressed rodents exhibit weight loss and decreased appetite despite increased plasma 

corticosteroid hormone concentrations. (Wang Q et al_2017, Patchev VK et al_2006) These data from 

the available literature are consistent with the low bodyweight measured at the end of the experiment 

and low weight gain rate in the experimental and positive control groups. Despite the established 

anxiolytic and antidepressant effect of the dry extract of Satureja montana, rosmarinic acid and 

carvacrol a positive effect on bodyweight was not found. It is possible that this is due to the presence 

of another mechanisms different than those involved in the manifestations of anxious and depressed 

behavior.  

4.7.2. Biochemical analysis 

Chronic unpredictable mild stress did not have a significant impact on the plasma concentrations of 

glucose, triglycerides and cholesterol. The treatment of the experimental animals with bot doses of 

the dry extract of Satureja montana - 250mg/kg b.w. and 500mg/kg b.w and carvacrol for 60 days 

did not statistically significantly affect these parameters when compared to the corresponding positive 

and negative control treated with saline and olive oil (р>0,05 for all parameters). Same results were 

found when these three experimental groups was compered one with another (р>0,05). In the group 

treated with rosmarinic acid, a significant increase in plasma cholesterol concentration was found 

when compared to the positive control group treated with saline(р= 0,008). This result cannot be 
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interpreted as a marker of increased cortisol, since plasma concentrations remained within the 

reference ranges and did not exceed those of the negative control groups. No statistically significant 

differences were found in relation to the other two investigated indicators - glucose and triglycerides. 

The lack of significant differences in the measured plasma concentrations of the three investigated 

indicators are most likely due to the suppressed appetite and reduced food intake, evidenced by the 

low weight at the end of the experiment as well as the low weekly weight gain rate. 

Chronic unpredictable mild stress did not have a significant impact on the plasma concentrations of 

uric acid. Same results were obtained in all experimental groups when compared to the corresponding 

positive and negative controls (р>0,05 for all parameters). No significant differences were also found 

when the experimental groups was compered one with another. (р>0,05) Visualization not shown.  

Uric acid is one of the markers of the levels of oxidative stress in the body, which could be easily 

tested. This compound is known to neutralize the effects of free radicals. (Neha K et al_2019) Despite 

the lack of statistical significance when comparing the groups, the plasma concentrations of this 

indicator were increased in the positive controls, which could be interpreted as an indirect marker of 

increased oxidative stress. Such hypothesis is in accordance with data from the available literature. 

(de Punder K et al_2015, López-López AL et al_2016) 

Rosmarinic acid and carvacrol are known for their antioxidant activity. (Ezz-Eldin YM et al_2020, 

Nadeem M et al_2019) In accordance with this data reduced plasma concentrations of uric acid were 

found in rosmarinic treated group. Similar results have been published by other study teams. (El-

Desouky MA et al_2019, Riaz M et al_2022) Like the both active compounds found in its 

composition, the dry extract of Satureja montana also exhibits in vivo antioxidant activity. (Vladić J 

et al_2020) The reduced values of uric acid in our study could be explained by a pronounced 

antioxidant activity of the dry extract of Satureja montana. The found variations in the plasma 

concentrations of uric acid between the experimental groups were not significant. A possible reason 

for this is that this indicator is not only a marker of oxidative stress in the body, but is dependent on 

the amount of protein intake with food. Slower weekly weight gain due to lower food intake was 

registered in the experimental and positive control groups, which were exposed to the stress stimuli. 

This is also the most likely reason for the smaller variation in uric acid values and the lack of 

statistically significant differences between groups. 

Tables 4, 5 and 6 summarize the pharmacological effects of Satureja montana dry extract, rosmarinic 

acid and carvacrol. 
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Table 4. Comparative table of the pharmacological effects of Satureja montana dry extract, 

Rosmarinic acid and Carvacrol after 14 days of oral treatment 

                                                    Substance 

 

Effect 

Satureja 

montana 

250mg/kg 

b.w 

Satureja 

montana 

500mg/kg 

b.w 

Rosmarinic 

acid 

15mg/kg b.w. 

Carvacrol 

 

500mg/kg 

b.w. 

Analgesic  

Tailflick test ✓ ✓   

Hargreaves 

method 
✓ ✓  ✓ 

Local anti-

inflammatory 

Plethysmometer 

test 
✓ ✓  ✓ 

Systemic anti-

inflammatory 

(In acute cold stress 

model) 

Measurement of 

serum cytokines 

levels  
    

Anxiolytic 

Elevated plus 

maze  
✓  ✓  

Social 

interaction test 
✓ ✓ ✓ ✓ 

Open field test ✓    

Vogel test     

Effect on a memory 
New object 

recognition test 
 ✓ ✓  

Antidepressant  
Forced swim 

test 
✓    

Table 5. Comparative table of the pharmacological effects of Satureja montana dry extract, 

Rosmarinic acid and Carvacrol after 30 days of oral treatment 

                                                    Substance 

 

Effect 

Satureja 

montana 

250mg/kg 

b.w 

Satureja 

montana 

500mg/kg 

b.w 

Rosmarinic 

acid 

15mg/kg 

b.w. 

Carvacrol 

 

500mg/kg 

b.w. 

Analgesic  

Tailflick test ✓ ✓ ✓  

Hargreaves 

method 
 ✓   

Local anti-

inflammatory 

Plethysmometer 

test 
✓    
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Table 6. Comparative table of the pharmacological effects of Satureja montana dry extract, 

Rosmarinic acid and Carvacrol after 60 days of oral treatment 

                                               Substance 

 

Effect 

Satureja 

montana 

250mg/kg 

b.w 

Satureja 

montana 

500mg/kg 

b.w 

Rosmarinic 

acid 

15mg/kg b.w. 

Carvacrol 

 

500mg/kg 

b.w. 

Systemic anti-

inflammatory 

(In acute cold stress 

model) 

Measurement of 

serum cytokines 

levels  
    

Anxyolityc 

Elevated plus 

maze  
✓ ✓  ✓ 

Social 

interaction test 
✓ ✓  ✓ 

Open field test ✓  ✓  

Vogel test ✓    

Effect on a memory 
New object 

recognition test 
✓ ✓ ✓  

Antidepressant  
Forced swim 

test 
✓  ✓  

 

  



61 
 

Conclusion 

The medicinal plant Satureja montana is well-known in folk medicine for its therapeutic effects in 

the gastrointestinal, renal and respiratory systems. Of interest to researchers are the antioxidant, 

antimicrobial and antiviral activity of this plant.  

Regardless of literature data on the composition of Satureja montana, as well as on the in vitro and 

in vivo ability of this medicinal plant to neutralize free radicals and affect the endogenous antioxidant 

system of the human organism, a study of these indicators is necessary as part of the pharmacological 

study of the dry Satureja montana extract. The dry extract of Satureja montana used in the present 

study, collected on the territory of the Republic of Bulgaria, was standardized by the content of 

rosmarinic acid and carvacrol. The total phenolic content of the used dry extract of Satureja montana 

was higher than that reported by other authors in our available literature. These results, obtained after 

the liquid chromatographic and spectrophotometric analysis of the dry extract of Satureja montana, 

give us the basis for further studies of the antioxidant activity of the extract and its pharmacological 

effects and toxicity. 

The dry extract of Satureja montana exhibits antioxidant activity in all used methods to determine 

this indicator. Comparing the results with those obtained by other research teams is difficult due to 

the variety of in vitro methods for measuring antioxidant activity. For that reason in the present study 

are used three different in vitro methods. The presence of antioxidant activity in each of them gives 

us reason to accept the analyzed dry extract of Satureja montana as an antioxidant.  

The main stage of the pharmacological research of new medicinal products of synthetic or natural 

origin is the study of their toxicity. The dry extract of Satureja montana investigated in the present 

study is non-toxic in doses many times exceeding the therapeutic. After daily oral administration for 

90 days, no deviations from reference ranges were found in complete blood count, basic biochemical 

parameters, AST, ALT and uric acid. In the histological examination of parenchymal organs, no 

microscopic changes in their normal structure were registered.  

The pharmacological study of the dry extract of Satureja montana included an investigation of 

analgesic, anti-inflammatory, anxiolytic and antidepressant effects and their comparison with those 

shown after the standalone administration of both active compounds found in the dry extract of 

Satureja montana – rosmarinic acid and carvacrol in experimental animals. The review of our 

available literature allowed us to choose the most appropriate experimental methods with which to 

establish the presence of a certain pharmacological effect and to study the most probable mechanism 

of action of the dry extract of Satureja montana.  
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The dry extract of Satureja montana exhibits an analgesic activity comparable to that of Metamizol 

as well as an anti-inflammatory effect comparable to Diclofenac. These results give us reason to 

hypothesize cyclooxygenase blockade as the most likely mechanism of drug action. 

The anxiolytic and antidepressant effects of the dry extract of Satureja montana in both experimental 

methods of stress were more pronounced than those registered after standalone administration of 

rosmarinic acid and carvacrol. It is possible that the better anxiolytic and antidepressant activity of 

the dry extract of Satureja montana is due to synergistic interactions of both active ingredients found 

in the composition of the used dry extract. Affecting the central nervous system mediators serotonin, 

dopamine and norepinephrine is the most likely mechanism of action of the dry extract of Satureja 

montana. Confirmation or rejection of these hypotheses will be subject of forthcoming further studies. 
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Research findings  

1. The dry extract of Satureja montana is standardized to the content of rosmarinic acid and carvacrol 

by the developed liquid chromatography method. 

2. The dry extract of Satureja montana has in vitro antioxidant activity determined by three methods. 

3. Acute and chronic toxicity were not found after oral administration of the dry extract of Satureja 

montana. 

4. The dry extract of Satureja montana exhibits analgesic activity comparable to that of Metamizol. 

The analgesic effect of the dry extract of Satureja montana is stronger than that of standalone 

administration of rosmarinic acid and carvacrol. 

5. The dry extract of Satureja montana exhibits anti-inflammatory activity comparable to that of 

Diclofenac. The anti-inflammatory effect of the dry extract of Satureja montana is stronger than that 

of standalone administration of rosmarinic acid and carvacrol. 

6. The dry extract of Satureja montana showed tendency to reduce serum concentrations of IL-6, IL-

1b and TNF-a in acute and chronic stress models. 

7. The dry extract of Satureja montana exhibits anxiolytic and antidepressant effect in acute and 

chronic stress models. 

8. The anxiolytic and antidepressant effect of the dry extract of Satureja montana are more 

pronounced than those of standalone administration of rosmarinic acid and carvacrol in both stress 

experimental models. 

9. In chronic unpredictable stress model the dry extract of Satureja montana reduces the bodyweight 

of the experimental animals, but has no impact on plasma concentrations of glucose, cholesterol, 

triglycerides and uric acid.  

10. The 250 mg/kg b.w dose of the dry extract of Satureja montana is more effective in the 

experimental study of analgesic, anti-inflammatory, anxiolytic and antidepressant effects.  
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Contributions 

А. With scientific and theoretical significance   

1.  For the first time in Bulgaria, a systematic pharmacological study was conducted to 

establish the anxiolytic, antidepressant, analgesic and anti-inflammatory effect of a dry 

extract of Satureja montana. 

2. A relationship between the anxiolytic and antidepressant activity exhibited by dry extract 

of Satureja montana and its antioxidant and anti-inflammatory effect was established. 

3. The effective dose of Satureja montana dry extract in the experimental study of analgesic, 

anti-inflammatory, anxiolytic and antidepressant effect was determined.  

 

B. With scientific and applicable significance   

1. Standardization and in vitro determination of the antioxidant activity of the dry extract of 

Satureja montana collected from the territory of the Republic of Bulgaria was performed. 

2. An experimental study on the medicinal safety of a dry extract of Satureja montana and 

rosmarinic acid - the main active substance was conducted.  

3. The examination of serum concentrations of the pro-inflammatory cytokines IL-6, IL-1b and 

TNF-a is not a reliable marker for registering a systemic anti-inflammatory effect in models 

of acute and chronic stress. 

4. A protocol for the Vogel test was developed. 
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