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Abstract: Many plants have been used for years to treat various diseases. One of 

the plants used for this purpose is oregano. In this study, by adding different doses 

of oregano essential oil to lamb rations, histopathological and 

immunohistochemical changes in the liver were investigated. In the study, 3 groups 

(8 lambs in each group) were formed using 24 male lambs at the age of 3 months; 

Control group given basal ration, Oregano-1 given basal ration+200 mg/kg oregano 

essential oil and Oregano-2 given basal ration + 400 mg/kg oregano essential oil. In 

conclusion, it was determined that there were slight degenerative changes in 

hepatocytes in Oregano-2, in addition, heat shock protein 27 (HSP-27) release and 

8-hydroxy-2-deoxyguanosine (8-OHdG) immunosuppressivity were higher in 

hepatocytes, vascular endothelial cells, and gland epithelial cells than in other 

groups. 

Keywords: Histopathological, HSP-27, Lamb, Liver, Oregano essential oil. 

 

INTRODUCTION 

The liver is one of the most important organs of the body in terms of 

biochemical activity, and any functional disorder that will occur in this organ 

affects all systems. Chemical substances, drugs, and various diseases are the most 

important causes of possible liver damage [1]. The amount of toxic substances in 

the bloodstream increases depending on the damage to the liver, impairing the liver 

as well as other parts of the body [2]. In addition, oxidants caused by increased 

stress due to various causes during daily life negatively affect the liver [3].  

 

 

Medical treatment is needed to rapidly heal 

liver damage caused by various effects. However, the 

higher side effects of drugs used in liver treatment has 

increased the interest in herbal products.  

 

Herbal treatments are safe because they 

provide a harmless alternative to natural and traditional 

medicine. Many plants in nature are used to treat 

various diseases. Some of these plants are oregano and 

thyme species belong to Lamiaceae family. One of the 

oregano species is Origanum vulgare subsp. hirtum, 

which has been reported to have a wide biological 

activity due to its numerous phytochemical compounds 

[4]. The antioxidant [5], anti-inflammatory [6], and 

antibacterial [7] effects of essential oils obtained from 

the oregano have been reported to be due to numerous 

polyphenol compounds, including carvacrol, thymol, p-

simen and γ-terpinen [8]. In studies on mice, it was 

reported that Origanum vulgare [9] and Origanum 

majorana had protective effects on the liver [10]. 

Some studies on effects of oregano or its 

products (extract, essential oil and powder) on liver 

damage in experimental animals can be found in the 

literature, but no studies on its effect on the ruminant 

liver in normal cases were encountered. In this study, 

we aimed to investigate the effect of oregano essential 

oil on the liver in different doses in lamb's ration, by 

histopathological and immunohistochemical methods.   

 

MATERIALS AND METHODS 

Animals, Experimental design, and Feed 

The study was conducted at the Animal 

Husbandry Research and Application Unit of Ataturk 

University, Faculty of Veterinary Medicine. 24 male 

Akkaraman lambs (which were weaned when they were 

3 months old on average) were divided to 3 groups as 

Control and two treatment (Oregano-1 and Oregano-2) 
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groups, each consisting of four replicates of eight 

lambs. The lambs two animals were allocated to each 

compartment measuring 280×200×120 cm. This study 

was approved by the ethic committee of Faculty of 

Veterinary Medicine in Ataturk University [Decision 

No: 2010/700 (Decision No: 2006/5g)]. 

 

In this study the Control group was fed a basal 

lamb diet, the Oregano-1 group was fed a basal lamb 

ration + 200 mg/kg ration oregano essential oil and the 

Oregano-2 group was fed a basal lamb ration + 400 

mg/kg ration oregano essential oil (Table-1). The 

animals were provided with pre-weighed feed, twice a 

day at 08:00 am and 05:00 pm. The study lasted for 70 

days (14 days were used as adaptation followed by 56 

days for data collection). The daily amount of roughage 

provided to the lambs was 125 g of wheat straw per 

animal (the chemical composition of wheat straw on the 

basis of dry matter content was as follows: crude 

protein: 3.1, crude ash: 6.69, Neutral Detergent Fiber 

(NDF): 77.45, Acid Detergent Fiber (ADF): 50.32) 

Concentrate feed and water was supplied ad libitum 

during the trial. The rations fed to the animals were 

formulated in accordance with the recommendations of 

the NRC [11] (Table 1). The raw feed materials used in 

the study were crude protein and crude ash analysis 

according to the Weende Analysis System of AOAC 

[12] and if the crude fibre according to Crampton and 

Maynard [13]. NDF and ADF analysis were according 

to Van Soest and Robertson [14] with Goering and Van 

Soest [15]. 

 

Table-1: Composition of lamb diets used in the study % 

Ingredient, % 
Groups 

Control Oregano-1 Oregano-2 

Barley 30 30 30 

Corn 20 20 20 

Sunflower seed meal 13.33 13.33 13.33 

Cotton seed meal 13.2 13.2 13.2 

Bran 9.7 9.68 9.66 

Corn gluten 5 5 5 

DDGS
1
 5 5 5 

Marble powder 2.05 2.05 2.05 

Molasses 1.12 1.12 1.12 

Salt 0.5 0.5 0.5 

Vitamin mineral premix
2
  0.1 0.1 0.1 

Oregano essential oil
3
 - 0.02 0.04 

Rates of nutrient, % 

Crude protein 18.53 18.52 18.51 

Crude fibre 12.74 12.74 12.73 

Crude ash  7.2 7.2 7.2 

Acid detergent fiber  13.67 13.67 13.67 

Neutral detergent fiber  27.3 27.3 27.3 
1 
DDGS:Dried Distillers Grains with Solubles. 

2
 The vitamin & mineral premix provided the following (per kg): 4,000,000 IU vitamin A, 800,000 IU vitamin D3, 5,000 

IU vitamin E, 400 mg vitamin B2, 2 mg vitamin B12, 5,000 mg vitamin PP, 1,000 mg D-pantothenic acid, 20,000 mg 

choline, 50 mg Co, 5,400 mg Fe, 185 mg I, 6,900 mg Mn, 800 mg Cu, 6,400 mg Zn, 14 mg Se. 
3
 The oregano essential oil were added in place of marble powder (Oregano essential oil was obtained from Ecopharm 

Hellas S.A. (Kilkis, Greece). Oregano oil was in the form of a powder called Orego-Stim (Meriden Animal Health Ltd. 

that contains 5% essential oil of Origanum vulgare subsp. Hirtum plants and 95% natural feed grade inert carrier). 

 

Histopathological Examination 

At the end of the study, 6 animals were 

slaughtered from each group. Liver samples of animals 

were taken after the necropsy for histopathological and 

immunohistochemical examinations. 

 

The liver tissue samples were fixed in 10% 

buffered formalin and routinely processed for 

histological examination by embedding in paraffin wax.  

Tissue sections were cut 4 μm in thickness and stained 

by the Haematoxylin-Eosin for observation under a 

light microscope. 

 

Image Analysis 

Tissue sections were evaluated by high-power 

light microscopic examination using an Olympus Bx51 

with a DP72 camera system. Each specimen was 

examined in 10 randomly selected areas of 

approximately an X40 objective. The scores were 

derived semi-quantitatively using light microscopy on 

the preparations from each rat and were reported as 

follows: Grade 0 = – (negative); Grade 1 = +1 (mild); 

Grade 2 = +2 (moderate); Grade 3 = +3 (severe); Grade 

4 = +4 (most severe) (40). 

 

Immunohistochemical Examinations 
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Four μm sections from all of the tissue samples 

were cut and processed for immunohistochemical 

examination by a standard avidin-biotin-peroxidase 

method that the producer described. Rabit policlonal 

antibodies that react with rat 8-OHdG (sc-66036) the 

dilution of 1:200 and HSP-27 (clone: ab78806) the 

dilution of 1: 100 were used for for 60 minutes. A 

secondary antibody was used according to the 

manufacturer’s protocol (expose mouse and rabbit-

specific HRP/DAB detection IHC Kit, Abcam Cat. No. 

ab80436). After three washes with 0.1% Tween 20 in 

PBS, the sections were incubated with 3,3-

diaminobenzidine (Dako Cytomation) and 

counterstained with Mayer’s hematoxylin (Dako 

Cytomation).  

 

Image Analysis 

Tissue sections were evaluated by high-power 

light microscopic examination using an Olympus Bx51 

with a DP72 camera system. Each specimen was 

examined in 10 randomly selected areas of 

approximately an X40 objective. The scores were 

derived semi-quantitatively using light microscopy on 

the preparations from each rat and were reported as 

follows: Grade 0 = – (negative); Grade 1 = +1 (mild); 

Grade 2 = +2 (moderate); Grade 3 = +3 (severe); Grade 

4 = +4 (most severe) (40).  

 

 

 

Statistical Analysis 

The data obtained were assessed using SPSS 

20 package software [16]. Differences between the 

groups were determined the nonparametric Kruskal-

Wallis Test with the p<0.05 value for significance. 

 

RESULTS  

There were no histopathological findings in 

Control and Oregano-1 groups (Figures 1 a-b), whereas 

mild degenerative changes in hepatocytes were 

observed in Oregano-2 group (p<0.05) (Figure 1c).  

 

In all groups, HSP-27 release was observed in 

hepatocytes, vascular endothelial cells, and epithelial 

cells. It was found that HSP-27 was the highest in 

Oregano-2 group (p<0.05). When compared the 

Oregano-1 and Control groups with each other, HSP-27 

release were found higher in the Control group (p<0.05) 

(Figures 2 a-c).  

 

The 8-OHdG immunopositivity was observed 

in hepatocytes, vascular endothelial cells and glandular 

epithelial cells in all groups, which was found to be 

higher in the Control group when compared to the 

Oregano-1 group (p<0.05), while to be highest in the 

Oregano-2 group (p<0.05) (Figures 3 a-c).   

 

 
Fig-1: Normal appearance in the hepatocytes, a. Control group, b. Oregano-1 group, c. Mild degenerative changes 

in the hepatocytes (Oregano-2 group), HXE, Bar: 20 μm 

 

 
Fig-2: Immunohistochemstry stain; HSP-27 expression in the hepatocytes a. Mild, (Control group), b. Mild, 

(Oregano-1 group),  c. Moderate, (Oregano-2 group), Bar: 20 μm. 
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Fig-3: Immunohistochemstry stain; immunopositivity for 8-OHdG in the hepatocytes a. Mild, (Control group), b. 

Mild, (Oregano-1 group), c. Moderate, (Oregano-2 group), Bar: 20 μm. 

 

DISCUSSIONS 
As in humans, there is a complex antioxidant 

system in many animals to alleviate oxidative stress. 

However, excessive reactive species derived from 

oxygen and nitrogen can cause oxidative damage to 

tissues and organs. Oxidative stress is a compound 

pathological mechanism that causes liver damage to 

begin and progress. Many risk factors, such as drugs for 

treatment, environmental pollutants, radiation, and 

temperature, can cause liver oxidative stress and cause 

serious liver diseases [17]. The application of 

antioxidants means an appropriate treatment strategy to 

prevent and cure oxidative stress-induced liver diseases. 

 

Phenolic compounds such as thymol and 

carvacrol contained in thyme essential oil have 

antioxidant properties and have a protective effect on 

liver [18, 19].  In previous studies on mice, Origanum 

vulgare [9] and Origanum majorana have been reported 

to have protective effects on liver [10]. However, it has 

been shown that thyme essential oil can have toxic 

effects due to the excessive dose, in addition to its 

protective effects. In a study conducted by Luaibi and 

Mousa [20], rats were given thyme extract at doses of 

500 and 750 mg/kg bw by injection and investigated for 

histopathological changes in the liver tissue during the 

days 10, 20 and 30. In that study, it was reported that 

500 mg/kg dose did not show side effects on the day 10, 

but slight degenerative changes in the veins as well as 

hyperemia in 20 days. However, in 30 days hepatocytes 

near the portal area showed degenerative changes as 

necrosis and decrease of glycoproteins in the cytoplasm 

of hepatocytes.  The administered 750 mg/kg dose 

resulted in congestion and mild inflammatory changes 

in the blood vessels at day 10; degenerative and 

necrotic changes were observed in the portal region in 

day 20 as well as glycoproteins in the hepatocyte 

cytoplasm decreased. At the same time, it has also been 

observed that an inflammation with mononuclear cell 

infiltrations occurred in animals in this group. All of 

these lesions observed in day 30 were found to get more 

severe [20]. Ruiz-Cabello et al., [21], in another study, 

reported that oregano essential oil at the dose of 50, 100 

and 200 mg/kg bw in rats liver didn't cause a significant 

change histopathologically.  In the present study, there 

was no significant histopathological change in the liver 

of the animals in the Control group and Oregano-1 

group given 200 mg/kg oregano essential oil, but a 

congestion and slight degenerative changes in the veins 

of hepatocytes were observed in the Oregano-2 group 

given 400 mg/kg oregano essential oil.  

 

Heat shock proteins (HSP) are highly 

preserved protein groups presented in humans, animals, 

and plant cells with various functions, and their 

common property is that they increase when 

encountered by sudden temperature changes or other 

stress factors [22, 23]. Heat shock proteins are divided 

into classes according to the molecular weights, 

structures, and functions. These are HSP-100, HSP-90, 

HSP-70, HSP-60 and small heat shock proteins (HSP-

27, HSP-25, etc.) [22]. Heat shock proteins provide the 

protection of functional structures of proteins under 

stress factors such as high temperature, pH changes, and 

lack of oxygen [24, 25]. In a study, 25 mg/kg oregano 

essential oil was added to the pigs' diet, and HSP-27 

release in the intestinal tissue (jejunum) of pigs exposed 

to transport stress decreased significantly [26]. In the 

literature review, we could not find any 

histopathological study investigating the effect of thyme 

applied to animals on the release of HSP proteins in 

tissues, except for a study of Zou et al. [26]. In our 

study, HSP-27 release was observed in hepatocytes, 

vascular endothelial cells and gland epithelial cells in 

all three groups. It was found that HSP-27 was the 

highest in Oregano-2 group. When compared the 

Oregano-1 and Control groups with each other, HSP-27 

release were found higher in the Control group.  

Considering these results, we can suggest that the dose 

of 200 mg/kg had a more positive effect on the liver.  

 

Reactive oxygen species produced in excess as 

a result of exposure to various stresses lead to the 

formation of more than 20 oxidative base damage 

products in DNA [27]. The 8-hydroxy-2-

deoxiguanosine (8-OHdG) is a highly sensitive and 

most frequently encountered oxidative DNA damage 

marker among these base products [28]. For this reason, 

8-OHdG measurement is considered a direct indicator 

of oxidative damage in DNA and is the most commonly 

used method for detecting oxidative DNA damage [29]. 

Studies have reported that carvacrol reduces the level of 

8-OHdG in the pancreas of rats [30], similarly oregano 

essential oil (OEO) in fish sperm [31]. In the present 
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study, the 8-OHdG immunopositivity was observed in 

hepatocytes, vascular endothelial cells and glandular 

epithelial cells in all groups, which was found to be 

higher in the Control group when compared to 

Oregano-1 group, while to be highest in the Oregano-2 

group. 

 

CONCLUSIONS 

Based on this results, we can say that oregano 

essential oil added to the ration of lambs in 400 mg/kg 

dose increased the amount of 8-OHdG in liver 

immunohistochemically, reducing the amount of HSP-

27 that is one of the proteins responsible for protecting 

the cells against damage, leading to degenerative 

changes in hepatocytes, although the dose of 200 mg/kg 

have more positive effects on the liver. This study 

showed that, by histopathological and 

immunohistochemical methods, oregano may have a 

toxic effect due to overdosage, despite its known 

positive effects at the appropriate doses.  
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