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Abstract 

Colon cancer is the most common cancer type after breast and prostate cancer in humans. Bortezomib is a proteasome inhibitor 

and is commonly preferred for the treatment of some types of cancer due to its efficiency and lower side effects. This study has 

investigated the impact of Bortezomib on cell death regarding the stimulation of autophagy. Bortezomib (Velcade) was treated 

to colorectal cancer cells (HT-29) for 24 hours at different concentrations (10 nM, 20 nM, and 40 nM). MTT analysis was used 

to determine the viability of Bortezomib-treated HT-29 cells, and immunocytochemical methods were used to determine 

bortezomib’s effects on the expression of Beclin-1 and LC3 levels in the HT-29 cells. In MTT analysis, viability was decreased 

with an increase in bortezomib concentration and the lowest viability was found at 40 nM concentration. In the study, Beclin-

1 immune reactive cells were seen as higher in 10nM and 40 nM concentrations of Bortezomib than other groups. Additionally, 

in LC3 evaluation, the immune reactive cell density was the highest at 40 nM concentration of Bortezomib (p<0.05). However, 

the LC3 immune reactivity was higher at 20nM and 40 nM concentrations of bortezomib groups (p<0.05). The findings 

revealed that the treatment of Bortezomib leads to an increase in levels of LC3 and Beclin-1 and activate the autophagy in colon 

cancer cells. 

Keywords: Cancer, Autophagy, Bortezomib, Beclin-1, LC3. 

 

Introduction 

 Colon cancer is one of the most common cancers in 

men and women especially in developed western 

countries [1]. The mortality rate of colon cancer has 

decreased in recent years because of the better 

treatment possibilities. Current standard treatment of 

colon cancer includes tumor resection after 

chemotherapy and biologic therapy [2-7]. The standard 

chemo-therapy for colorectal cancer patients is 5-

fluorouracil combined with either oxaliplatin or 
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irinotecan [2,4,5,8]. Although large number of clinical 

studies focused on finding the most effective approach 

including these drugs, unfortunately advanced 

colorectal cancer remains unresectable and incurable. 

However, studies on new targets and new treatment 

approaches are continued [9]. 

Bortezomib is the first clinically available 26S 

proteasome inhibitor and is used in various cancer 

treatments [10-13]. Bortezomib mediates reversible 

binding of the catalytic core complex to the N-terminal 

threonine residue in the β-1 subunit. It also leads to 

reversible inhibition of the proteolytic activity of the 

proteasome. This triggers various biological changes 

such as cell cycle arrest as well as induction of 

autophagy and apoptosis [1]. 

Bortezomib is the first clinically available 26S 

proteasome inhibitor and is used in various cancer 

treatments [10-13]. Bortezomib mediates reversible 

binding of the catalytic core complex to the N-terminal 

threonine residue in the β-1 subunit. It also leads to 

reversible inhibition of the proteolytic activity of the 

proteasome. This triggers various biological changes 

such as cell cycle arrest as well as induction of 

autophagy and apoptosis [1]. 

Materials and Methods 

Cell culture: Human colon cancer cell line HT-29 was 

obtained from Ankara Şap Enstitüsü. The cells were 

incubated with high-glucose DMEM (Gibco) 

supplemented with 10 % heat-inactivated fetal bovine 

serum, 2 mM L-glutamine, penicillin (100 U/ml), and 

streptomycin (100 mg/ml). HT-29 cells were cultured 

in 25 cm2 cell culture flasks (Corning) in a 5% CO2 

incubator (Esco) at 37oC. Subcultures were detached 

with trypsin and then counted with the trypan blue 

counting method., The HT-29 cells were then seeded in 

96 well plates with 100 µm DMEM for cytotoxicity 

analysis and seeded on the coverslips in the six-well 

plates with 2000 µm of DMEM. After 24h incubation, 

the culture media were removed; the cells were washed 

with PBS and MTT cell proliferation assays were 

performed.  

Drug administration: Bortezomib application was 

performed with the 0, 5, 10, 20 and 40 nanomolar (nM) 

concentrations for MTT analysis and 0, 10, 20 and 

40nM concentrations for immunocytochemical 

analysis. Human Colorectal cancer cells (HT-29) were 

seeded in a six-well plate at a density of 20000 

cells/well on a coverslip with 2 ml of complete culture 

medium and overnighted to attach. After 24 h, 

bortezomib was diluted with DMEM solution and 

added to cell’s media at the concentration of 0nM, 

10nM, 20nM, and 40nM (Velcade by Millennium 

Pharmaceuticals Inc. USA). After 24 h incubation, the 

coverslips were taken, and the cells were fixed with 

methanol solution at -20 oC for 10 min and then 

washed with PBS in a six-well plate. After fixation 

immunocytochemical staining was performed in 

coverslips mounted to the slides. 

Cell viability: Cell viability was measured using 3-

(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 

bromide (MTT, Sigma Co. USA, Cat No: M5655). For 

MTT analysis, the cells were seeded in a 96-well plate 

at a density of 100,000 per well in the 100 µm growth 

media for 24h. The cells were incubated with different 

concentrations of bortezomib (5nM, 10nM, 20nM, and 

40nM) for 24h, then the cells were washed with PBS 

and then incubated with 1 ml of MTT solution (0.25 

mg/ml in PBS) at 37oC for 4h. After incubation, the 

medium was removed and 1 ml of 0.1 mol/l HCl in 

absolute isopropanol was added. The absorbance was 

measured by a spectrophotometer at the wavelength of 

570 nm. The absorbance measurements were done two 

times. 

Stereological estimation of anti-Beclin-1 and 

LC-3 immune reactive cell densities: The 

“Stereological Optic Fractionator Frame” method was 

used to estimation of anti-Beclin-1 and LC-3 immune 

reactive cell densities. These analyzes were performed 
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under a stereology workstation system (BioPrecision 

MAC 5000controller system) and stereology software 

(Stereo Investigator version 9.0, Microbrightfield, 

Colchester, VT) attached to the light microscope (Leica 

DM4000 B, Tokyo, Japan). 

In our study, anti-Beclin-1 and anti-LC-3 immune 

reactive cell densities in HT-29 cell preparations were 

calculated using the “Unbiased Counting Frame and 

Fractionator” method, and the positive cell density in 

each preparation belonging to all groups was calculated 

according to the following formula: 

PHY = PHS/(CA x RS), 

PHY; positive cell density per μm² area, PHS; positive 

cell count, CA; frame area (μm²) and RS; the number 

of frames. The data obtained are based on duplicate 

measurements for each group, and 4 parallel 

preparations from each group were stained. The results 

are expressed as immune reactive cells / 1000 μm². 

Statistical analysis: Normally distributed values 

from immunocytochemical analyses were evaluated 

with Duncan Post hoc test after one-way analysis of 

variance (ANOVA) using SPSS statistical software 

version 20.0 (SPSS Inc., Chicago, IL, USA). The 

significant value (p) was accepted as 0.05. 

Results 

Cell Viability: MTT analysis revealed that cell 

viability was decreased with the increase of bortezomib 

concentration treated to HT-29 cells. The lowest 

toxicity was found at 5nM concentration treated HT-29 

cells, the highest toxicity was found in 40nM 

concentration treated HT-29 cells (Figure 1).  

The effect of bortezomib on the anti-Beclin-1 

and LC-3 immune reactive cells in HT-29 cell 

line: In the stereological estimation of immune 

reactive cell analysis, there were significantly increased 

levels of Beclin-1 proteins after bortezomib treatment 

as 10nM, 20nM, and 40nM in HT-29 cells compared 

with untreated HT-29 cells (p<0.05). In addition, 

40nM concentration of bortezomib was markedly 

increased in Beclin-1 immune reactive cells at 24 h 

incubation in HT-29 cells (p<0.05) (Table 1 and Figure 

2).  

 

Figure 1. Cell viability values of HT-29 colon cancer cells treated 

with bortezomib for 24h using MTT analysis. 

On the other hand, in LC-3 immune cells, the low dose 

of bortezomib (10nM) did not induce a significant 

difference (p>0.05). However, 20nM and 40nM 

concentrations of bortezomib increased the immune 

reactive cell density compared to 0nM and 10nM 

concentrations in the HT-29 cells. Beclin-1 and LC3 

immune reactive cell densities are presented in Table 1 

and demonstrated in Figure 2. 

Table 1. The Stereological estimation of anti-Beclin-1 and anti-LC3 

immune reactive cells in HT-29 colon cancer cells incubated with 

0nM, 10nM, 20nM and 40nM concentration for 24h. 

Groups 
Anti-Beclin-1 positive 

cell density 
(n/1000 µm2) 

Anti-LC3 positive cell 
density 

(n/1000 µm2) 

Control 0.192±0.0032a 0.211±0.0038a 

10-nM 0.342±0.0023b 0.292±0.0061a 

20-nM 0.363±0.0062b 0.603±0.0042b 

40-nM 0.447±0.0083c 0.641±0.0019b 

Discussion 

Bortezomib is a proteasome inhibitor and is widely 

used in many tumoral malignancies. Despite abundant 

evidence of the therapeutic potential of this drug, the 

relevant signaling pathways leading to autophagy in 

cancer cells were not clear. In this study, we 

demonstrated that bortezomib could induce autophagy 

via Beclin-1 and LC3 proteins in the HT-29 cell line. 

These results suggest that bortezomib could be a 
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potentially significant chemotherapeutic agent for the 

treatment of colorectal cancers. 

Bortezomib is a specific inhibitor of the 26S 

proteasome [22] and it is an approved product for the 

treatment of multiple myeloma and acts as a prominent 

apoptosis inducer [23]. Most researchers report that 

bortezomib has anti-tumor properties that can be used 

in the treatment of many types of cancer [24]. In the 

treatment of colon cancer, surgical removal of solid 

tumor masses is usually required with appropriate 

chemical therapy. Chemotherapeutics such as 

bortezomib are triggered with the autophagy cell death 

via cell death receptor induction or disturbance of 

mitochondrial balance. Recently, the cell death 

mechanisms such as autophagy and necrosis are 

desired targets for therapeutic applications [1,25,26].  

 

Figure 2. The Immunocytochemical illustration of anti-Beclin-1 and 

anti-LC-3 staining of HT-29 cells incubated with 0nM, 10nM, 20nM, 

and 40nM concentration of Bortezomib for 24h. 

Despite its increasing therapeutic use for the treatment 

of many cancers, little is known about cytotoxicity-

related mechanism of colon cancers [27]. Lou et al., 

suggested that the bortezomib may inhibit HOS cell 

proliferation through inhibition of ERK 

phosphorylation [14]. Hong et al., reported that 

bortezomib trigger G2/M arrest through intracellular 

reactive oxygen species-inducible ataxia telangiectasia 

mutated phosphorylation in colon cancer cells [28]. In 

our study, it was determined that increasing 

concentrations of bortezomib treatments decreased 

cell viability in the HT-29 cell line. 

In this study, we examined the effectiveness of 

bortezomib to determine its potential effects on 

tumoricidal activity in colon cancer. Our data shown in 

Figure 2 presented that Beclin-1 and LC3 expression 

levels increased in a higher concentration of 

bortezomib treated groups (especially 10nM, 20nM, 

and 40nM) in a dose-dependent manner, once again 

confirming autophagy induction. Song et al., found that 

Beclin-1 and LC3-I expressions increased after 12 h 

from treatment [12]. On the other hand, bortezomib 

has also the potential to increase the Beclin-1, LC3-I, 

and LC3-II expression levels in different carcinoma 

cells such as hepatocellular carcinoma and multiple 

myeloma [17,29]. 

Several conclusions can be taken out from the data 

presented here. First, it was understood that the 

treatment of bortezomib induces autophagy and 

secondly, LC-3 and Beclin-1 play an important role in 

the autophagy activating the mitochondria-dependent 

pathway. Third, Beclin-1 and LC3 levels increased in 

bortezomib treated colon cancer cells. Therefore, it can 

be said that bortezomib treatment induced the Beclin-

1 mediated autophagy. Finally, the bortezomib 

treatment significantly inhibits colon cancer tumor 

growth. 

In the light of the findings obtained in the study, it 

was concluded that bortezomib administration may 

induce autophagy activation by causing an increase in 
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LC3 and Beclin-1 levels in colon cancer cells, and thus 

cause cell death. 
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Abstract 

The goal of the present study was to determine the salinity resistance of 5 triticale genotypes. Salt-stress experiments were 

carried out under tissue culture conditions. Regenerated seedlings of five genotypes were exposed to 0 and 100 mM NaCl. 

Peroxidase activity and pigment content were determined for seedling applied with salt for 7, 14, and 21 days. Peroxidase 

activity was observed in the triticale seedlings of salt stress in in-vitro conditions. Melez 2001 and Mikham 2002 were 

determined to be more responsive to stress severity than the other genotypes in terms of chlorophyll content. Our results 

showed that there was a positive correlation between chlorophyll content and 100 mM concentration salt stress in salt-resistant 

triticale genotypes. 

Keywords: Genotypic difference, Chlorophyll content, Peroxidase activities, Triticale. 

Introduction 

   Salinity is one of the most significant abiotic factors 

decreasing the development and crop yield of 

agronomically important plants (1). To better improve 

cultivars against salt stress rely on the concerted efforts 

by different factors such as tissue physiology, gene 

transformation, and breeding. The use of new cell 

biology tools for elucidating the regulation functions of 

salt-stress resistance is based on the control of specific 

stress-related mechanisms (2). Hence, tissue culture is 

a very useful technique for improving salt stress-

resistant plants. When a plant is exposed to salt 

severity, numerous transcription factors are activated, 

resulting in promoted degrees of several biomolecules 

and secondary metabolites (3). Salinity can causes 

serious injury and subsequently results in oxidative 

damage of enzymatic activities. NaCl stress resistance 

requires activation of physiological and metabolic 

structures to protect the intact cell from damaging 

mechanisms (4). Many types of research have been 
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conducted on changes in enzyme activity in seedlings 

during stress conditions such as salt severity. 

Nevertheless, most of these studies have focused on 

salt-susceptible crops such as rice (5), chickpeas (6), or 

maize (7). A few reports are present on alters in 

peroxidase activity and pigment prediction during salt 

resistance in vitro, and its role in the improvement of 

salt resistance is not fully known. The goal of the 

present work was to determine the peroxidase activity 

and total pigment content of five triticale genotypes in 

terms of salt-stress resistance. 

Material and Method  

Salt-stress treatment: Seeds of 5 genotypes of 

triticale were provided by the East Anatolia 

Agricultural Research Institute, Erzurum. Mature 

seeds were sown in dishes (15 cm) containing the 

autoclaved half-strength MS medium and 0.6% (w/v) 

Phytagel (Sigma-Aldrich). Petri dishes (3 per 

treatment) contained 25 seeds each in growth 

chambers fluorescent light with 62 μmol m-2 s-1 and 16 

h : 8 h light:dark cycle at 26 ± 1 °C. To determine seed 

germination in response to salt, seeds were sown in 

media containing 0 (control), and 100 mM NaCl. 

Seedlings were evaluated for accumulation of total 

pigment estimation and peroxidase enzyme activity. 

Enzyme Activity: The POX activity was measured by 

monitoring the increase in absorbance at 470 nm in 50 

mM phosphate buffer (pH 5.5) containing 1mM 

guaiacol and 0.5 mM H2O2 (8). One unit of POX 

activity was defined as the amount of enzyme that 

caused an increase in absorbance of 0.01/min. 

Pigment Estimation: Leaf chlorophylls (Chl) were 

extracted in 80% acetone and absorbance at 663 and 

645 nm were measured. Chl a, Chl b, and total Chl 

contents were then calculated.  

Statistical Analysis: Each experiment was repeated 

three times. Analysis of variance was conducted using 

the one-way ANOVA test using SPSS 13.0 and means 

were compared by the Duncan test at the 0.05 level of 

confidence.  

Results  

Peroxidase assay: Peroxidase increased in callus of 

all triticale cultivar under salt stress. A continuously 

increase in peroxidase was determined in stress time in 

all genotypes. The highest peroxidase value in 21 days 

was found in ‘Tatlıcak’ followed by ‘Alper Bey’, 

‘Mikham 2002’, ‘Melez 2001’ and Ümran Hanım. Alper 

Bey and Ümran Hanım genotypes displayed a more 

increase in peroxidase dosage in 14. day, compared to 

21. day (Figure 1). The highest peroxidase amount in 14 

days, was also found in ‘Tatlıcak’, followed by ‘Alper 

Bey’, ‘Ümran Hanım’, ‘Mikham 2001’, and Melez 2001. 

Peroxidase values displayed a middle range of variation 

between genotypes in 7 days, ranging from 4.5 to 6.25 

nmol g-1 FW (Figure 1). The lowest value of peroxidase 

in 7 days, was found in ‘Ümran Hanım’, and the lowest 

in both ‘Mikham 2002’ and ‘Melez 2001’.  

 

Figure 1. Changes of POX in five triticale genotypes treated with 100 

mM salt stress in in vitro conditions. 

Pigment Estimation: Chlorophyll content was 

different among triticale cultivars at salt stress. At salt 

stress, the highest chlorophyll content was obtained in 

Ümran Hanım, whereas the lowest was obtained in 

Mikham 2002 and Melez 2001 after 21 days at cold 

acclimation. Similarly, the same cultivars had the 

highest chlorophyll content at the salt stress for 7 and 
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14 days (Figure 2, 3, and 4). 

 

Figure 2. Changes of chlorophyll A in five triticale genotypes treated 

with 100 mM salt stress in in vitro conditions. 

 

Figure 3. Changes of chlorophyll B in five triticale genotypes treated 

with 100 mM salt stress in in vitro conditions. 

 

Figure 4. Changes of total chlorophyll in five triticale genotypes 

treated with 100 mM salt stress in in vitro conditions. 

Discussion 

In terms of salt stress mechanism, most of the studies 

reported so far have been conducted at the whole plant 

stage (6) however, this is the first showing the 

determination of salinity in triticale. Peroxidase 

enzymes play a significant role in the defense responses 

of crops to biotic or abiotic stresses (9). In this 

experiment, a considerable increase in the peroxidase 

activity could be determined in the seedlings of salt 

stress in in vitro conditions. Pujari and Chanda et al., 

(2002) (10) indicated that a salt-stressed seedling of 

Vigna unguiculata retained more peroxidase than that 

of unstressed seedling when both were applied with 

higher salt stress. Moreover, the activity of peroxidase 

in several species has been well documented in 

response to abiotic stress. The effects of stress severity 

on the peroxidase enzyme are proved to be linked to the 

salt-resistant ability (11). Our results displayed the 

highest degree of peroxidase in the high concentration 

salt-treated group. Thus it seems that this property is 

an effective indicator of salt-resistant in seedlings 

derived from Triticale cultivars. Chlorophyll is the basic 

factor for green pigments and is present in chloroplasts 

as components in all photosynthetic plant tissue. In 

this report, pigment estimation in seedlings was also 

influenced by NaCl (Figure 2, 3, and 4), and this effect 

depends on the genotypes. Compare to control groups, 

chlorophyll a, b and carotenoid content in two triticale 

(Melez 2001 and Mikham 2002) genotypes decreased 

(Figures 2, 3, and 4), whereas the other three triticale 

(Ümran Hanım, Alper Bey and Tatlıcak) genotypes 

increased after 1 week. The effect of inhibition of 

chlorophyll under stress conditions plays a critical role 

in photoinhibition or ROS formation (12). The decrease 

in photosynthesis under stress can also be attributed to 

a reduction in chlorophyll values. However, salinity 

decreases the chlorophyll content in salt-sensitive 

genotypes and promotes it in salt-resistant genotypes. 

In conclusion, these results displayed that there is a 

positive correlation between chlorophyll content and 

low concentration salt stress in salt-resistant triticale 

genotypes. 
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Abstract 

Triticale (x Triticosecale Wittmack) is a synthetic amphiploid cereal that grows on about 3 million hectares in the world. It is 

grown mostly for forage or animal feed, although some triticale-based foods can be purchased at health food stores or are found 

in some breakfast cereals. Mature embryos of two triticale cultivars (Ümran Hanım and Melez 2001) were used as the resources 

explants. The effects of one auxin type (2,4-D) and three various concentrations, (4.0 mg/l; 8mg/l; 12.0mg/l) callus formation 

and plant regeneration were determined. Callus formation values were detected over 85% in three concentrations. In terms of 

results, the highest embryogenic callus formation rate was determined 46.91 % at 12 mg/l of Ümran Hanım dicamba. However, 

the lowest embryogenic callus formation rate was found with a value of 12.86% in Ümran Hanım's 2,4-D 8.0 mg/l hormone 

application. The highest regeneration capacity was determined at 12.09% at a dose of 12.0 mg/l of Mikham 2001 2,4-D. 

However, the lowest regeneration capacity was determined at 2.2% at the dose of 4 mg/l of Ümran Hanım 2,4-D. Our results 

displayed that auxin type and hormone dosage were very significant on the triticale mature embryos.  

Keywords: In vitro culture, Plant regeneration, Callus, Hormones. 

 

Introduction 

 Increasing plant production is an inevitable reality in 

order to meet the nutritional needs of the constantly 

increasing human population. Although many varieties 

with yield capacity and quality have been developed 

and brought to the food sector by utilizing traditional 

plant breeding studies, the desired result has not been 

fully achieved in resistance to some biotic and abiotic 

environmental stress, especially diseases and pests. 

With the advancement of technologies in the field of 

genetic engineering and the understanding of 

molecular plant protection mechanisms, new 

technologies have been developed in the control of 

stress factors. Cell and tissue culture techniques are a 

very effective method that uses molecular and cellular-

based special technologies to increase the productivity 

of plant and plant products, or to eliminate the factors 
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that cause abiotic and biotic stresses, thus preventing 

plant yield losses [1-4]. In triticale breeding studies, 

there are intensive studies on agronomic characters 

such as grain yield, plant height and nutrient content 

obtained by classical methods, and a good regeneration 

method should be established from tissue and cell 

cultures in order to benefit effectively from 

biotechnological applications used in plant breeding 

[5]. Therefore, the success of tissue and cell research 

depends on a sustainable and effective callus culture 

and plant regeneration process. Immature embryos are 

generally used as an explant source for somatic callus 

culture in cereals. Progress has been made in changing 

the agronomic characteristics of cultivated plants and 

developing varieties resistant to stress factors, with 

tissue culture methods that eliminate adverse 

environmental conditions under controlled conditions 

developed in recent years [6-8]. Although the success 

rate in tissue culture is lower in monocotyledons, 

especially in the Graminea family, than dicotyledons, 

today it is used in bread wheat [9], maize [10], rice [11] 

and barley [12] plant regeneration was achieved. There 

are relatively few studies on the in vitro regeneration of 

triticale using mature and immature embryos 

compared to other cereal species. The lack of an 

effective in-vitro system limits tissue culture studies. 

The factors that determine the response to tissue 

culture in cereals, including triticale, are the 

components of the donor plant, the development status 

of the explant, and the culture medium [13]. Although 

there is a successful protocol for plant regeneration 

using embryos of mature seeds with triticale, there are 

very few studies on callus formation and regeneration 

frequency using different plant growth regulators. In 

many reports on callus regeneration, the most 

commonly used plant growth regulator to stimulate 

somatic embryogenesis is 2,4-D (2,4-Dichlorophenoxy 

acetic acid), picloram (4-amino-3,5,6-

trichloropicolinic acid) and dicamba (3,6-

Dichlorobenzoic acid) are also used alone or together 

with 2,4-D [14]. In a study of triticale immature embryo 

culture, picloram was superior to 2,4-D in embryogenic 

callus formation and plant regeneration [15]. In 

another study, it was noted that dicamba provided 

callus formation faster than 2.4-D and plant 

regeneration was 2 times higher from the formed calli 

[16]. In a study of immature embryo culture in wheat, 

dicamba was found to be better than 2,4-D and 

picloram in terms of embryogenic callus formation and 

plant regeneration [17]. Ma and Pulli, 2004 indicated 

that dicamba was found to be more effective in 

embryogenesis than 2,4-D and NAA (Naphthalene 

acetic acid) in immature embryo culture in the rye [18]. 

The aim of this study is to improve callus formation and 

plant regeneration efficiency by developing an effective 

callus formation and the plant regeneration system 

from mature embryos in triticale and to determine the 

response of some triticale genotypes to tissue culture of 

different plant growth regulators and hormone 

concentrations. 

Materials and Methods 

Plant material and culture condition: Ümran 

Hanım and Melez 2001 genotypes were provided from 

East Anatolia Agricultural Research Institute. In this 

report, mature embryos of Ümran Hanım and Mikham 

2001 genotypes were used as explants. The mature 

seeds were mixed in 70% ethanol for 5 minutes and 

washed 3 times with sterile distilled water. It was then 

mixed in 1% sodium hypochlorite containing a few 

drops of Tween 20 (Sigma) for 20 minutes. After 

surface sterilized seeds were washed with sterile 

distilled water, they were kept in sterile distilled water 

at 25°C for 3 hours in the dark. Mature embryos were 

obtained for callus formation include MS (Murashige 

and Skoog, ascorbic acid) containing 2 different auxin 

types (2,4-D, and dicamba), 3 different doses (4.0, 8.0 

and 12.0 mg/l), agar (8 g/l) and 1.95 g/l MES. The pH 

of the medium was adjusted to 5.8 with NaOH (Sodium 

hydroxide). A factorial experiment was conducted in a 
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completely randomized design with three replications. 

Twenty five mature embryos were placed in each petri 

dish and each petri dish was accepted as an 

experimental unit. Callus formation (%) [CF% = 

(Number of callus formed/Explant number) x100], 

embryogenic callus formation (%) (ECF% = 

(Embryogenic callus number/ Callus number) x100] 

was determined. 

Results 

Callus formation: The callus formation rate ranged 

from 83.69-93.77% in all application hormone 

concentrations of two different genotypes used in the 

experiment (data not shown). 

Embryogenic Callus Formation: Calli was 

evaluated as embryogenic and non-embryogenic calli, 

whereas embryogenic ones had the potential to form 

somatic embryos. Callus formation was observed in 

over 80% of all explants cultured. The difference  

Table 1. Embryogenic callus formation ration in terms of callus 

formation (%) 

Hormones Dose 
(mg/l) 

Genotype Mean 

Mikham 2001    Ümran Hanım 

 

 

2,4-D 

4,0 19.3+6.12 14.08+8.06 16.65 

8,0 14.17+6.46 12.86+5.17 13.51 

12,0 33.98+8.02 32.38+9.17 33.18 

Mean 22.48+10.47 19.77+11.11 21.12 

 

Dicamba 

4,0 25.04+6.48 39.47+3.92 32.25 

8,0 17.80+2.89 39.45+6.32 28.62 

12,0 35.49+9.33 46.91+7.91 41.2 

Mean 26.11+9.78 41.95+6.85 34.03 

Mean 24.30+10.29 30.86+14.47 27.58 

between genotypes in terms of embryogenic callus 

formation rate, according to callus number was found 

to be statistically significant (p<0.05). When the 

general averages of auxin types and doses are evaluated 

according to genotypes, it is seen that the rate of callus 

formation rate is Ümran Hanım 30,863 and Mikham 

2001 24,300% (Table 1). While the embryogenic callus 

formation rate was 19.77% in the 2,4-D application, it 

was 41.95% in the dicamba application. In Mikham 

2001, these rates were 22.48% and 26.11% in media 

containing 2,4-D and dicamba, respectively. 

Considering the combination of all the factors used in 

the experiment, the highest embryogenic callus 

formation rate (46.91%) was determined at 12 mg/l of 

Ümran Hanım dicamba. On the other hand, the lowest 

embryogenic callus formation rate was found with a 

value of 12.86% in Ümran Hanım's 2,4-D 8.0 mg/l dose 

(Table 1).  

Table 2.  Embryogenic callus formation ratio in terms of auxin (%) 

 
Genotypes 

Mean (mg/l) 
4.0 

mg/l 
8.0 

mg/l 
12.0 
mg/l 

Mean 

Mikham 2001 22,17 15,98 34,73 24.29 

Ümran Hanım 26,77 26,16 39,65 30.86 

Mean 24.47 21.07 37.19 27.575 

 
The embryogenic callus formation ratio in terms of 4.0 

mg/l, 8.0 mg/l and 12.0 mg/l dose applications, Ümran 

Hanım was obtained 26.77%, 26.16% and 39.65%, 

whereas Mikham 2001 was obtained as 22.17%, 15.98% 

and 34.73%, in the same order (Table 2). 

Regeneration Capacity: Embryogenic calli with 

green plantlets were evaluated as embryogenic calli 

with regeneration capacity. When the general averages 

of auxin types and doses were evaluated according to 

genotypes, the rate of regeneration capacity in terms of 

the number of callus was 6.33% for Ümran Hanım and 

7.15% for Mikham 2001. The rate of regeneration 

capacity, according to the number of callus in Ümran 

Hanım was 4.91% in the 2,4-D application and 7.74% 

in the dicamba application. In Mikham 2001, these 

rates were 5.54% and 8.76%, respectively, Considering 

the combination of all the factors used in the 

experiment, the highest regeneration capacity 

(12.09%) was determined at a dose of 12.0 mg/l of 

Mikham 2001 2,4-D. On the other hand, the lowest 

regeneration capacity (2.2%) was determined at the 

dose of 4 mg/l of Ümran Hanım 2,4-D (Table 3). 

Regeneration capacity in terms of 4.0 mg/l, 8.0 mg/l 
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and 12.0 mg/l dose applications, Ümran Hanım was 

obtained 3.5%, 6.3% and 9.03%, whereas Mikham 

2001 was obtained as 6.7%, 5.3% and 9.3%, in the same 

order (Table 4). 

Table 3.  Plant regeneration ratio in terms of callus formation (%) 

Hormones Dose 

(mg/l) 

Genotype Mean 

Mikham 2001 Ümran Hanım 

 

 

2,4-D 

4,0 4.72+3.11 2.25+3.32 3.48 

8,0 5.30+3.86  3.72+3.90 4.51 

12,0 6.60+3.87  8.76+6.28 7.68 

Mean 5.54+3.46 4.91+5.21 5.22 

 

Dicamba 

4,0 8.71+3.67  4.87+4.46 6.79 

8,0 5.48+3.76 9.05+7.91 7.26 

12,0 12.09+3.49 9.30+6.21 10.69 

Mean 8.76+4.38 7.74+5.06 8.25 

Mean 7.15+0.78 6.33+5.24 6.74 

 

Table 4. Plant regeneration ratio in terms of auxin doses (%) 

 

Genotypes 

Dose (mg/l) 

4.0 

mg/l 

8.0 

mg/l 

12.0 

mg/l 

Mean 

Mikham 2001 6,72 5,30 9,34 7.15 

Ümran Hanım 3,56 6,39 9,03 6.33 

Mean 5.14 5.89 9.19 6.74 

 

Discussion 

Success in callus formation and plant regeneration 

studies in many plant species, including cereals largely 

depends on genotype, explant type and media 

components. Genotype is the most important factor 

affecting the somatic embryogenesis of cereals from 

mature (19, 20, 5). In this study, it was determined that 

there were significant differences between the 

genotypes used on embryogenic callus formation and 

the number of regenerated plantlets. In similar studies 

on this subject, it has been reported that the effect of 

genotype on embryogenic callus formation is very 

important, according to callus number [21, 22]. These 

findings are in agreement with those published by 

Rakoczy-Trajanonowska and Malepszy [23] on rye in 

the study of the rate of embryogenic callus formation 

varies according to genotype. Several reporters 

observed that 2 weeks after callus formation in inbred 

lines of rye, yellow, hard and nodular calli were formed 

on 2 lines, and white and watery embryogenic calli were 

formed in the remaining 5 lines. In a study by Aydın et 

al. [14] in which they investigated the factors affecting 

tissue culture using embryos matured in wheat, they 

determined that the effect of genotype on the number 

of somatic embryos was important and that dicamba 

was more effective than 2.4-D and picloram as an auxin 

type. The concentration of plant growth regulators in 

the culture medium has an important effect on 

morphogenesis and growth. Generally, high 

concentration of auxins and low cytokinin increase 

callus formation and cell proliferation. Regardless of 

the explant source, 2,4-D triticale is the most widely 

used plant growth regulator for callus formation and 

maintenance. The results of this study determined that 

the frequency of callus formation and embryogenic 

callus formation was much higher in the medium 

containing dicamba. Unlike the findings, we obtained 

in this study, Vikrant and Rashid [22] stated that low 

concentrations of plant growth regulators are more 

effective in forming somatic embryos. Zapata et al., 

[24] stated that non-high doses gave better results in 

plant regeneration from embryogenic calluses of 

barley. Venkant et al., [25] observed that embryogenic 

calli regenerated by forming somatic embryos in a dose 

of 2.0 mg/l and within 3-4 weeks. Considering the 

combination of all the factors used in the experiment, 

when a comparison is made between auxin types, it is 

seen that dicamba is in the first place in terms of 

regeneration capacity. Papenfus and Carman [26] 

determined that dicamba was more effective than 2,4-

D on regeneration capacity in immature embryo 

culture in wheat. Satyavathi et al., [17] reported that 

dicamba was more effective than 2,4-D and picloram in 

plant regeneration as well as in callus formation. 

Similarly, Mendoza and Kappler [27] found that the 

number of plants per embryo was 2 times higher in the 
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medium containing dicamba in mature embryo culture 

in wheat. Zimny and Lörz [13] tested immature 

embryos in rye with different doses of different auxins 

for MS [28], N6, CC, and B5 in four different basic 

media to determine somatic embryogenesis and plant 

regeneration, and CC containing 30 μM dicamba 

bested obtained in the environment. Similar to the 

results mentioned above, it was concluded that 

dicamba is more effective than 2,4-D in terms of 

embryogenic callus formation and plant regeneration, 

but our results show that high-dose applications rather 

than low doses of dicamba play an active role in 

creating higher regeneration. Mature embryos of 

Ümran Hanım and Mikham 2001 genotypes of triticale 

were tested in MS medium with different plant growth 

regulators and at different doses in order to determine 

callus, embryogenic callus formation and regeneration 

capacity. Callus formation rate, embryogenic callus 

formation according to callus number, regeneration 

capacity rates, according to callus number was 

investigated. According to the results obtained from 

this study, the effect of genotype, plant growth 

regulators and dose on callus formation rate was 

observed, and statistically significant differences were 

found between genotypes in terms of embryogenic 

callus formation rate.  

Regeneration capacity, genotype, plant growth 

regulators and dose applications were effective, 

according to callus number and embryogenic callus 

number. According to the findings obtained from the 

study, it can be recommended to use high doses of 12.0 

mg/l dose of Ümran Hanım genotype and dicamba, a 

plant growth regulator, in studies on the mature 

embryo culture of triticale. 
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Abstract 

Obesity causes structural and functional damage to various organs. Quercetin is a flavonoid and has potent antioxidant, anti-

apoptotic and anti-inflammatory effects in the body cells. This study aims to investigate the therapeutic effect of Quercetin on 

the cardiac effect caused by obesity in rats with experimental obesity using biochemical and histological methods. In this study, 

24 male Sprague Dawley rats were used. The rats were divided into three groups i.e., control, obese, and Quercetin-Obese. A 

high-fat diet was administrated to the obese groups for 3 months, the other groups were fed with normal pellet forage. After 

the formation of obesity, a 50 mg/kg dose of Quercetin was orally fed to the quercetin-obese and quercetin groups for 15 days. 

At the end of study, all the animals were sacrificed by taking blood under anesthesia (sevoflurane), and their heart tissues were 

taken. In the obtained serum samples, the levels of triglyceride (TG), cholesterol (CHOL), high-density lipoprotein cholesterol 

(HDL-C), low-density lipoprotein cholesterol (LDL-C), and cardiac troponin-I (cTnI) were measured by the auto-analyzer 

device. The heart tissues were stained with Bax and Bcl-2 antibodies as immuno-histochemical. When the results of the analysis 

were compared among the control and other groups, it was shown that obesity increased the levels of serum TG, CHOL, LDL-

C, and cTnI whereas quercetin administration had a decreasing effect on these parameters (P<0.05). It was determined that 

the level of Serum HDL-C decreased in the obese group while quercetin administration increased the level of HDL-C (P<0.05). 

The analysis of Bax and Bcl-2 immune reactive cells showed that the apoptotic cell density increased in the heart tissues of the 

obese group while quercetin administration decreased the apoptotic cell density (P<0.05). This study shows that Quercetin 

may have a therapeutic effect in avoiding cardiac injuries caused by obesity.  
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Introduction 

Obesity is defined as the excess of fat tissues or an 

increase in body mass index, which is described as a 

paradox that started in the 1980s and became an 

epidemic worldwide. Obesity can cause various 

complications such as heart failure, coronary heart 

disease, type 2 diabetes mellitus, and hypertension in 

humans [1,2]. One of the most significant risk factors of 

obesity is heart failure and is one of the biggest life-

threatening health problems [3]. Previous studies 

showed that obesity causes heart failure due to 

myocardial damage, but the exact mechanism of 

cardiac injury is not fully understood [4]. It has been 

reported that the high levels of LDL-C and triglyceride 

values and low levels of HDL-C play an essential role in 

the formation of damage [5]. Troponin-I is a cardiac-

specific protein used as a specific marker in measuring 

the extent of the injury [6]. To diagnose heart damage 

or to determine whether the clinical signs are due to 

cardiac causes, researchers have recently 

recommended high-sensitivity measurements of 

cardiac troponin-I in cardiac injury [7].  

Quercetin is a flavonoid and has potent antioxidant, 

anti-apoptotic and anti-inflammatory effects in the 

body cells [8]. Quercetin is one of the most abundant 

dietary flavonoids with extensive pharmacological and 

antioxidant properties [9]. One of the pharmacological 

properties of Quercetin is cardiac protection [10]. 

Among the essential cardiac protective properties are 

anti-hypertensive and anti-atherogenic effects. In 

addition, it prevents endothelial dysfunction and 

protects the myocardium from ischemia [11]. It is 

believed that its antioxidant property comes from its 

ability to chelate Fe2+ and Cu2+ ions and its 

scavenging feature of free radicals [12]. Besides, 

previous studies have revealed the protective role of 

inhibiting oxidative damage [13]. For this reason, this 

study aimed to investigate the cardiac effects of 

experimental obesity in rats and the role of Quercetin 

in the prevention of obesity-mediated cardiac damage 

by biochemical and histological methods. 

Materials and Methods 

Animal housing and procedure: This study used 

24 adult male Sprague Dawley rats, 10-12 weeks old 

(average weight of 200-250g), obtained from Atatürk 

University Medical Experimental Research and 

Application Center. The study was approved by Atatürk 

University Experimental Animals Ethics Committee 

(Decision No: 2022/52). The rats were kept in cages at 

25 ± 2 ℃ temperature, 60-65% humidity with 12-hour 

light and 12-hour dark cycles, fed ad libitum. The cages 

were cleaned daily and after one week of acclimation, 

rats were randomly divided into four groups Control, 

Obesity, Quercetin-Obesity, and Quercetin. 

Obesity induction: The rats were fed a high-fat diet 

(35 kcal% as fat) for the experimental model of obesity 

for 120 days as reported in previous studies [14]. 

Control group animals were fed with a normal ad 

libitum diet (10% kcal as fat). Bodyweight gain was 

measured at the beginning of study and weekly 

reviewed for obesity assessment, along with food 

consumption. Rats that reached 8-20% weight gain 

according to the initial weight determined as the 

obesity criterion were accepted as obese. At the end of 

study, non-obese rats were excluded from the study. 

Quercetin treatment: In the period following the 

onset of obesity (120 days later), quercetin and 

quercetin-obese groups were administered orally at 50 

mg/kg suspended Quercetin in 1 ml corn oil for 15 days. 

The obese group was given 1 ml of corn oil orally for 15 

days. At the end of the study, cardiac blood samples 

were taken from all groups of rats under deep 

anesthesia with sevoflurane (3%) and then were 

sacrificed and their heart tissues were removed for 

histological examination. 

Biochemical analysis: To obtain sera samples, the 

blood samples of rats were centrifuged at 1700 g for 8 
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min. The serum samples were stored in the freezer at − 

80 °C before they were serum enzyme analyses. The 

serum samples were measured for the levels of 

triglyceride (TG), cholesterol (CHOL), high-density 

lipoprotein cholesterol (HDL-C), low-density 

lipoprotein cholesterol (LDL-C), and cardiac troponin-

I (cTnI) by using the auto-analyzer (Beckman Coulter; 

DXI 800 USA).  

Histologic analysis: Obtained heart tissues were 

fixed in 10% neutral formaldehyde for 72 hours and 

then washed with tap water and overnighted. The 

tissues were passed from the ascending alcohol series 

and cleaned with xylene. The tissues were then 

embedded in paraffin blocks and 5 µm thick tissue cuts 

were stained with Crossman modified Mallory’s Triple 

staining. The tissue sections were examined in a 

trinocular light microscope (Nikon Eclipse 50i, Japan).  

Immunohistochemical staining: After 

deparaffinized and dehydrating, the sections were left 

in 3% hydrogen peroxide phosphate buffer solution 

(PBS) at pH 7.4 for 20 minutes. Sections passed 

through PBS were left in sodium citrate buffer (pH 6.0) 

in a 600 W microwave oven to reveal antigenic 

receptors. Sections were incubated in Blocking 

Solution A (Invitrogen-Histostatin Plus Bulk Kit) for 8 

min. Then Bax (1/50 dilution, Abcam) and Bcl-2 (1/50 

dilution, Abcam) primary antibodies (Abcam, 

Ab183855) (1:500) were treated in sections for 1 hour 

at 37 Co in the humidity chamber. After the sections 

were left for 30 min in biotin secondary antibody, 

Blocking Solution C (streptavidin peroxidase) was  

added and they were gone for another 30 min. Then 

diaminobenzidine (DAB) chromogen solution was 

added and hematoxylin staining was applied for 

contrast staining. Immunohistochemical examinations 

were performed under a light microscope (Nikon 

Eclipse 50i, Japan) and then photographs were taken. 

Semiquantitative analyses for all groups investigated 

the Bax and Bcl-2 immunoreactivity degree at the 

cellular level. To estimate the immune reactive cell 

count, staining intensity was measured using the 

stereological optical fractionator method, as described 

in detail in our previous studies [15,16]. 

Statistical analysis: The statistical significance 

among groups was analyzed by one-way ANOVA 

(Duncan post hoc test). The results were considered 

statistically significant when p < 0.05. Data are 

expressed as mean ± Standard deviation (SD). 

Results 

Biochemical results: Serum TG, CHOL, LDL-C, and 

cTnI levels were increased in the obesity group 

compared with the Control group (p<0.05), On the 

other hand, these parameters were decreased in the 

Obesity-Quercetin group compared with the Obesity 

group (p<0.05).  While it was determined that the 

serum HDL-C level decreased in the obese group, 

quercetin administration significantly increased the 

HDL-C level (P<0.05). 

Histologic analysis: Two specialists in histology 

blindly evaluated the possible cardiac damages. The 

lesions have been assessed as shown below. In the case  

 

Table 1. Serum triglyceride (TG) cholesterol (CHOL), high-density lipoprotein (HDL-C), low-density lipoprotein (LDL-C), and 

Cardiac Troponin-I (cTnI) levels for all groups. 
 

TG CHOL HDL-C LDL-C cTnI 

Control 69.24±16.32a 61.80±17.39a 45.33±9.28a 20.17±3.64a 6.28±1.75a 

Obesity 83.86±17.44b 77.75±15.38b 55.82±12.58b 27.44±6.85b 12.38±1.86b 

Quercetin-Obesity  72.54±15.53a 70.33±13.32a 48.10±13.8a 21.75±7.42a 7.72±2.62a 

The letters indicated the statistical differences in the column, P-value was accepted as 0.05. Data were analyzed with ANOVA (Duncan) test. 



Gelen et al., The Effects of Quercetin Administration on Heart Tissue….                                            Eurasian Mol Biochem Sci 2022;1(1): 16-21 

 
19 

of the study of cardiomyopathy, inflammation and 

fibrosis have been assessed. In the examination of the 

myocardium and subendocardial fibrosis. On the other 

hand, these changes were considerably decreased in 

Quercetin- Obesity group (Figure 1). 

Stereological Immunohistochemical analysis: 

In the stereological analysis of anti-Bax and anti-Bcl-2 

immune reactive cells, Bax immune reactive cell 

density was increased in the Obesity group while 

decreased in the Quercetin-Obesity group (p<0.05). 

Besides, Bcl-2 cell density was reduced in the Obesity 

group compared with the Control group. However, it 

increased in the Quercetin-Obesity group (p<0.05). 

The anti-Bax and anti-Bcl-2 immune reactive cell 

densities and comparisons are seen in Table 2. 

Table 2. Stereological evaluation of anti-Bax and anti-Bcl-2 positive 

cells densities in the serially obtained heart tissue sections per 1000 

µm2 area. 

Groups Bax Bcl-2 

Control 1,24±0,33a 3,80±0,79a 

Obesity 3,86±0,94b 1,75±0,38b 

Quercetin-Obesity  2,54±0,53c 2,33±0,56c 
The letters indicated the statistical differences in the column, P-value was 
accepted as 0.05. Data were analyzed with ANOVA (Duncan) test. 

Discussion 

Quercetin is a flavonoid and its effects are currently 

being investigated in the prevention of many tissue or 

organ damages [17]. On the other hand, its anti-obese 

and anti-apoptotic effects have been shown in previous 

studies [18-21]. In the present study, a metabolic 

Figure 1. Illustration of anti-Bax, anti-Bcl-2, and Crossman Modified Triple staining in the heart tissues for all 

groups, My: myocardium, Cy: transverse area of cardiomyocyte, arrowhead: anti-Bax and anti-Bcl-2 immune 

reactive cells, open arrows: PNML cells 
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obesity rat model was created, and Quercetin was 

administered at a dose of 50mg/kg which is in line with 

previous studies [22]. 

The high-fat diet used in the present study was 

sufficient intensity and duration to induce obesity in 

rats. Also, previous research suggested that rats fed 

with a high-fat diet for eight weeks caused obesity and 

impaired hypertension, inflammation, dyslipidemia, 

endothelial dysfunction, and cardiac fibrosis in the 

heart [23,24]. These changes were closely similar to the 

human metabolic syndrome. In the present study, 

Serum TG, CHOL, LDL-C, and Trop-I levels were 

increased and serum HDL-C level was decreased in the 

obesity group. But Quercetin treatment reduced TG, 

CHOL, LDL-C, and cTnI levels and increased the serum 

HDL-C level in the obese rats.  

 In histopathologic evaluation, eosinophilic changes, 

inflammatory cell infiltration, and fibrosis were 

observed in the obesity group heart tissues. A previous 

study reported the interstitial collagen deposition in 

the left ventricle of the obesity group [25]. However, 

other studies reported that did not find a histological 

increase in cardiac collagen in a rat model of diet-

induced obesity [26] in rabbits [27]. Possible 

mechanisms of collagen deposition are related to 

inflammation and cell infiltration. Additionally, it has 

been reported that the higher collagen deposition is 

related to abnormalities in insulin metabolism [25]. 

Quercetin has an anti-inflammatory effect that 

inhibited inflammation-mediated collagen deposition 

and cardiac damage in obesity [28]. 

Increased apoptotic activity was determined in the 

heart tissue in the case of obesity. Bax and Bcl-2 

proteins are apoptosis-related proteins that determine 

cell death.  It has been reported that obesity-induced 

apoptosis is shaped by lipid accumulation in the 

endoplasmic reticulum in the cell [29]. In this study, 

the levels of the proapoptotic member of the Bcl-2 

family and the anti-apoptotic member of Bax were 

investigated by immunohistochemical analysis. The 

results showed that while the Bax level increased in the 

obesity group, it decreased in the quercetin-obesity 

group. It was determined that the Bcl-2 level decreased 

in the obesity group and raised in the quercetin-obesity 

group. Similar to us, previous studies reported the 

cardioprotective effects of Quercetin in high-fat diet-

induced obesity [28,30, 31]. 

In conclusion, the present data provide scientific 

evidence that Quercetin may provide protection against 

cardiac damage and may reduce lipid accumulation 

and inflammation in the heart tissue. Quercetin 

contained multiple bioactive compounds which might 

act synergistically to produce protective effects. 
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Abstract 

This study investigated the antimicrobial and antibiofilm activities of Ferula species (sp.) obtained from Erzurum province. 

Antimicrobial activity against Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, Enterococcus faecalis, 

Candida albicans, and Candida tropicalis were determined by agar well diffusion assay. Ethyl acetate extract showed 

antimicrobial activity against S. aureus, and methanol extract showed antimicrobial activity against E. coli and C. albicans with 

a zone diameter of 21, 18, and 15 mm, respectively. The extract's minimum inhibitory concentrations (MIC) were 16, 32, and 

32 μg/mL ml for S. aureus, E. coli, and C. albicans, respectively. Furthermore, it was determined for the first time that Ferula 

sp. extracts were effective against biofilm formations of S. aureus and C. albicans. In the light of these results, we think that 

extracts of Ferula sp. contain potential candidate molecules against biofilm-associated infections, and further characterization 

studies are needed. 

Keywords: Antimicrobial, Antibiofilm, Extraction, Ferula sp. 

 

Introduction 

Nowadays, antibiotic resistance has become one of the 

biggest and most significant problems to human 

health. One of the most important reasons for 

antibiotic resistance is the formation of biofilms by 

microorganisms. Biofilms are cell communities 

composed of an extracellular matrix of 

polysaccharides, proteins, and DNA (1). Biofilms are 

highly resistant to antimicrobial molecules. There is a 

need for new antimicrobial and antibiofilm compounds 

in the fight against infections caused by biofilm 

structure and multi-drug resistant bacteria, which are 
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a severe problem worldwide. Therefore, the discovery 

of antimicrobial sources becomes a necessity. 

Plants are potential candidates for natural products to 

help combat such problems. There are plants with 

antimicrobial, antibacterial, antifungal, and 

antioxidant activity (2,3,4).  So far, more than 30,000 

compounds have been isolated from these plants (5). In 

addition, plant extracts with antimicrobial activity are 

used in many biotechnological applications.  

Compounds from plants that are effective on pathogens 

and have low toxicity for humans are essential in 

developing new antimicrobial drugs (6,7). 

Ferula sp. belonging to the Apiaceae family have been 

identified as a rich source of antimicrobial compounds. 

It contains more than 150 species, mainly in the 

Mediterranean and Central Asia. For hundreds of 

years, products from Ferula sp. have been used in 

traditional medicine for skin infections, diarrhea, 

killing intestinal parasites, malaria, and microbial 

diseases (8,9,10,11). Ferula sp. in Turkey are called 

çakşir, çakşir grass or çaşir. Ferula L., the third largest 

genus of the Apiaceae family, is 18 in the flora of 

Turkey, only 9 of which are endemic (12,13). These 

species contain rich secondary metabolites and 

antimicrobial phytochemicals such as tannins, 

alkaloids, terpenoids, flavonoids, and coumarins (13). 

Studies show that it protects against bacteria and fungi 

that cause food contamination. 

The current study evaluated Ferula sp. obtained from 

Erzurum province and Tortum town for antimicrobial 

and antibiofilm activity against pathogenic bacterial 

and fungal microorganisms. 

Materials and Methods 

Plant, Microbial Strains and Growth 

Conditions: Ferula species were obtained from 

Erzurum province and Tortum town in this study. S. 

aureus (ATCC 25923), P. aeruginosa (ATCC 27853), E. 

coli (ATCC 25922), E. faecalis (ATCC 29212) bacteria, 

and C. albicans (ATCC 10231) and C. tropicalis (KUEN 

1025) yeasts were used in this study. In a shaking 

incubator, bacterial cultures were incubated in Mueller 

Hinton broth (MHB) for 24 hours at 37°C and 120 rpm. 

In a shaking incubator, yeast cultures were incubated 

in Potato dextrose broth (PDB) for 24 hours at 30°C 

and 120 rpm. 

Extraction of Ferula Sp.: The plants were washed 

in a 0.04% bleach and then rinsed with distilled water. 

The plants were divided into sections by weighing 10 g 

as stems and leaves. These sections were homogenized 

separately with ethyl acetate and methanol. The 

shredded samples were taken and incubated in a 

magnetic shaker at 500 rpm for 2 hours. At the end of 

the period, the solid particles were separated by 

filtration and evaporated in the rotary evaporator. The 

resulting substantial extracts were used for further 

studies and dissolved with 1% dimethyl sulfoxide 

(DMSO) before use (14). 

Agar Well Diffusion Assay: The agar well diffusion 

test was used to qualitatively assess the efficacy of 

antimicrobial activity of Ferula sp. Three wells were 

drilled in each petri dish with a cork borer. 150 µL ml 

Ferula sp. extracts were placed in the wells of agar 

plates inoculated with the test microorganisms. Petri 

dishes were incubated at 37°C for 24 hours in a flat 

position. At the end of the period, the zone diameters 

were measured. DMSO (1%) was used as a negative 

control (15). 

Microdilution Assay: The microdilution assay was 

performed according to the European Committee on 

Antimicrobial Susceptibility Testing (EUCAST) criteria 

(16). Briefly, 96-well plates were used to determine the 

minimum inhibitory concentrations (MIC) of the 

extracts. 100 μl of bacteria and yeast cells, the 

concentration of which was adjusted to OD600 =0.08-

0.1, was added to each well, and the extract was added 

to the wells in the range of 1-128 μg/mL ml. The total 

volume was brought to 200 μl. The group with no cells 
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was added as a negative control, and the group with no 

extract was added as a positive control. Microorganism 

growth in the wells was evaluated after 24 hours of 

incubation at 37 °C. The MIC value was determined as 

the lowest concentration without visual growth. 

Crystal Violet Assay: To evaluate the antibiofilm 

activities of S. aureus (ATCC 25923) and C. albicans 

(ATCC 10231), 96-well plates were cultivated similarly 

to the microdilution assay. These plates were incubated 

at 37 °C for 48 hours. After that, all the contents in the 

wells were discarded and washed three times with 

phosphate buffer. 200 μl of 0.1% crystal violet dye was 

added and the plates were incubated in the dark for 20 

minutes. Then, the wells were washed and were fixed 

with 30% acetic acid. An absorbance measurement was 

taken at 590 nm. The evaluation was made according 

to negative and positive control (17). 

Results 

Ethyl acetate and methanol extracts of Ferula sp. 

showed antimicrobial activity against S. aureus, C. 

albicans, and E. coli. However, the best results were 

determined as ethyl acetate extract against S. aureus 

shown in Figure 1 and methanol extract against E. coli 

and C. albicans. The zone diameters measured are 

represented in Table 1. Neither extract showed 

antimicrobial activity against other pathogenic 

bacteria. 

 

Figure 1. A. Extraction flask of Ferula sp. (1) Methanol extract of 
Ferula sp. leaf. (2) Ethyl acetate extract of Ferula sp. root. (3) 
Methanol extract of Ferula sp. root. B. Antimicrobial activity of ethyl 
acetate extract against S. aureus. 

MIC values of Ferula sp. extract were 16, 32 and 32 

μg/mL ml against S. aureus, E. coli and C. albicans, 

respectively (Table 1). 

S. aureus and C. albicans were selected for antibiofilm 

activity studies, where we had the best results. The 

ethyl acetate extract of the collected Ferula sp. showed 

antibiofilm activity against S. aureus at increasing 

concentrations. In addition, the methanol extract 

showed antibiofilm activity against C. albicans at 

increasing concentrations. Antibiofilm activity graphs 

are given in Figure 2. While 8 μg/mL ml extract 

application inhibited biofilm formation in C. albicans, 

32 μg/mL ml extract application reduced biofilm 

formation in S. aureus by half. Consequently, Ferula 

sp. extract inhibits C. albicans biofilm formation at a 

value four times lower than the MIC value. This shows 

that it contains molecules with strong antibiofilm 

effect. 

Table 1. Zone diameter (mm) and MIC values (μg/mL) for 

pathogens 

Patogens Zone 

diameter 

(mm) 

MIC value 

(μg/mL) 

S. aureus  (ATCC 25923) 21 16 

E. coli (ATCC 25922) 18 32 

C. albicans (ATCC 10231) 15 32 

 

 

Discussion 

Infectious diseases are a significant problem all over 

the world. In particular, biofilm-related infections 

cause serious problems and great economic loss. The 

effect of antibiotics on biofilm-induced infections are 
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limited (18). Therefore, there is a need for more reliable 

therapeutic approaches. Ferula sp. extracts have great 

potential as antimicrobial and antioxidant compounds 

(8,9). Therefore, it is an essential plant that can be used 

in therapeutic agents. The aim of this study was to 

determine whether or not the Ferula species obtained 

from Erzurum possessed antimicrobial and antibiofilm 

activity. 

 
Figure 2. Antibiofilm activity of Ferula sp. extracts A. It showed 

antibiofilm activity at increasing concentrations against S. aureus. B. 

Antibiofilm activity at increasing concentrations against C. albicans. 

First of all, we performed methanol and ethyl acetate 

extract of Ferula sp. obtained from the Erzurum 

province in the current study. Then, we examined the 

antimicrobial and antibiofilm activities of the obtained 

extract against the test strains. Many researchers have 

studied the antibacterial, antifungal and antioxidant 

properties of Ferula sp. These studies were reviewed in 

Daneshniya et al, 2021 (18).  

Baldemir et al, in 2006, investigated the antimicrobial 

activity of the methanol extract of the Ferula halophila 

against various pathogens by disc diffusion method. 

Chloroform extract of F. halophila did not show activity 

against E. faecalis, E. coli, P. aeruginosa, and C. 

albicans. However, its methanol extracts showed a 

weak effect against Bacillus subtilis, Bacillus cereus and 

S. aureus (19). We obtained similar results in our study. 

One reason for the lack of antimicrobial activity of 

Ferula sp. against P. aeruginosa, E. faecalis, and C. 

tropicalis maybe that Ferula sp. contain volatile 

compounds with antimicrobial activity (20). Another 

reason may be the degradation of a molecule effective 

against these pathogens during extraction. 

Alipour et al. (2014) showed that essential oils of Ferula 

cupularis have high antimicrobial activity against S. 

aureus, S. epidermidis, B. subtilis, E. coli, K. 

pneumoniae, and P. aeruginosa. Also, In addition, the 

most increased activity was obtained from the roots of 

F. cupularis (21).  

Bhatnagar et al. (2015) found that polar extracts 

showed more antimicrobial activity than nonpolar 

extracts in their study with Ferula asafoetida (14). 

Daneshkazemi et al. (2019) showed that F. assa-foetida 

extracts are antimicrobial against oral pathogens such 

as Streptococcus mutans and Streptococcus sanguinis 

(22). 

Karakaya et al. in 2019 showed that essential oils from 

the aerial parts of F. orientalis obtained from Erzurum 

were effective against S. aureus and C. albicans. Similar 

results were obtained in our study. However, in our 

study, unlike in the article, antimicrobial effects were 

also observed on E. coli. One reason for this is that we 

may have worked with different subspecies of Ferula 

(24). 

One of the most important causes of antibiotic 

resistance is biofilm formation. Therefore, molecules 

that inhibit biofilm formation need to be discovered.  

Plant extracts are thought to be rich in molecules with 

antibiofilm activity. To our knowledge, there is only one 

study of antibiofilm activity against Candida species. 

Zomorodian et al, (25) showed that essential oils of F. 

assafoetida have antibacterial and antifungal activity. 

They also showed antibiofilm activity on C. albicans, C. 

tropicalis, and C. krusei. They stated that 4 µL/mL ml 

essential oil completely inhibited biofilm formation 

(23). Similarly, we observed antibiofilm activity against 

C. albicans in our study. Our best result was obtained 

with 8 μg/mL ml extract. This result indicates that the 
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concentration required for biofilm inhibition is lower 

than the MIC value. This shows that Ferula sp. are 

effective candidate molecules for infections caused by 

C. albicans biofilm. 

Furthermore, the antibiofilm activity of Ferula extract 

against S. aureus was demonstrated for the first time in 

this study. Ferula extract inhibited half of the biofilm 

formation at a value of 32 μg/mL ml. Therefore, Ferula 

sp. are therapeutic candidate molecules in biofilm-

induced infections of S. aureus. However, synergism 

with different antimicrobials or antibiotics needs to be 

examined. 

In this study, antimicrobial and antibiofilm activities of 

Ferula sp. collected from the Erzurum region were 

investigated. Antimicrobial activity of Ferula sp. 

against S. aureus, E. coli and C. albicans was observed. 

It was also found to have antibiofilm activity by 

increasing concentrations against S. aureus and C. 

albicans. This is the first study to show the antibiofilm 

activity of Ferula sp. against S. aureus. Further 

characterization of Ferula sp. and our understanding of 

the nature of their antibiofilm properties are needed. 
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Abstract  

Noncoding RNAs (ncRNAs) play an important role in almost all biological processes and comprise a layer of internal signals 

that have a potential control on various levels of gene expression. The research in the field of ncRNAs has progressed a lot 

owing to the recent developments in sequencing methods and information analysis. A large number of ncRNAs have been 

identified in insects from the RNA-Seq data or transcriptomes and they have important regulatory functions at the epigenetic, 

transcriptional, or post-transcriptional levels. The technological innovations have made it possible to discover ncRNAs from 

both beneficial (honeybees, silkworm, etc.) and harmful insects (Plutella xylostella, Helicoverpa armigera, Bactrocera species, 

aphids etc.). The characterization and utilization of ncRNAs in the field of insect science have become a worldwide research 

focus and they are believed to have potential applications in insect pest management and the prevention and management of 

diseases of beneficial insects. 
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1. Introduction 

Ribonucleic acid (RNA) molecules were thought to be 

nothing more than a messenger between DNA and 

protein, but that is no longer the case as a messenger 

between DNA and protein for decades, but now it’s well 

established that they have key role in almost all 

biological processes. There are broadly two types of 

RNAs viz. Coding and Non-coding. The coding RNAs 

generally refer to RNAs which encode proteins and it 

includes the messenger RNA (mRNA) only. Non-

coding RNA molecules (ncRNAs) arise from the 

transcription of DNA but do not get translated into 

protein molecules. The amount of noncoding RNA 
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varies among species and proportionally increases with 

increasing complexity of organism. The ncRNA 

contains information and remains functionally active 

by regulating other genes and their function is assessed 

based on their low coding potential [1]. The regulatory 

role of non-coding RNAs is thought to be responsible 

for many of the intricate genetic relationships and 

differences between species. They have a spatio-

temporal expression and are mostly unconserved from 

species to species. The ncRNAs are involved in various 

biological and pathological processes [2,3] and can 

have either DNA binding sites, protein binding sites, or 

both. The ncRNAs are of many types such as ribosomal 

RNA (rRNA), transfer RNA (tRNA), small nuclear RNA 

(snRNA), small nucleolar RNA (snoRNA), endogenous 

small interfering RNA (siRNA), PIWI-interacting RNA 

(piRNA), microRNA (miRNA), long non-coding RNA 

(lncRNA), circular RNA (circRNA), etc. [4].  

The advancement in high-throughput sequencing 

technologies has gained popularity as a way to 

determine the level of RNA in cells and provides a 

snapshot of a cell type or tissue at a specific moment of 

time. The researchers now can comprehend the 

complexity and diversity of insect transcriptomic data. 

According to the recent study, around 156 insect 

genomes from Diptera, Lepidoptera, and Hymenoptera 

are sequenced and submitted to the genome database 

of NCBI [5]. However, the Encyclopedia of DNA 

Elements (ENCODE) Program revealed that the large 

chunk of the insect genome generates a plethora of 

non-protein-coding RNAs, termed as noncoding RNA 

(ncRNA) [6] (Figure 1). Recent years have seen a 

paradigm shift as an increasing number of non-coding 

RNAs has been identified and characterized. The 

discovery of RNA interference (RNAi) has resulted in a 

surge of knowledge on the identification of ncRNAs and 

also how these ncRNAs interact with one another. Non-

coding RNAs (ncRNAs) include RNAs that are 

transcribed from DNA but not translated into proteins. 

ncRNAs, earlier misidentified as “background noise” or 

“evolutionary junk”, are emerging as key elements that 

participate in various biological processes. ncRNAs 

have gotten a lot of interest recently because of their 

roles at the epigenetic, transcriptional, and post-

transcriptional levels in insects. The recent explosion in 

science suggests that the repertoire of ncRNAs is still 

poorly characterized in insects. Here, we provide an 

overview of two main classes of insect ncRNAs viz., 

microRNAs and long ncRNAs, and for each class; we 

describe their biogenesis mechanisms and highlight 

their certain functions in different insect groups to 

provide their comprehensive understanding.  

 

Figure 1. Non-coding RNAs comprise a larger portion of the insect 

genome. 

2. Diversity of insect ncRNAs 

The presence of ncRNAs has been witnessed in a broad 

range of insect species. According to a relatively broad 

size threshold, ncRNAs have been classified into into 

two subclasses viz. small ncRNAs and long ncRNAs 

(Figure 2a). ncRNAs typically less than 200 nucleotides 

in length are called small or short ncRNAs viz., 

miRNAs, siRNAs, etc. whereas the which are more than 

200 nt in length are called long ncRNAs (lncRNAs). 

Based on functionality, ncRNAs include regulatory 

ncRNAs and housekeeping ncRNAs. Ribosomal RNAs 

(rRNAs) and transfer RNAs (tRNAs) fall in the category 

of housekeeping ncRNAs and regulatory ncRNAs 

include long non-coding RNAs (lncRNAs), microRNAs 

(miRNAs), small interfering RNAs (siRNAs), piwi-

interacting RNAs (piRNAs), and small nuclear RNAs 
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(snRNAs) (Figure 2b) [7]. Nonetheless, due to the 

cross-over of properties, categorization of ncRNAs 

remains difficult.  

 

Figure 2a: Classification of ncRNAs based on the size of the 
transcript 

 

 

 

 

 

 

                                     

Figure 2b. Classification of ncRNAs based on functionality 

3. Identification of ncRNAs 

Because of the tremendous transcription power of 

mammalian genomes and the diverse processes of 

ncRNA synthesis, the ncRNA world is still loaded of 

unanswered questions in which unknown RNA species 

could play some key roles. Thanks to the advancements 

in technology, more unique functional ncRNAs are 

being found. 

Next-generation sequencing methods, particularly 

RNA-seq, enable the identification of novel and 

unusual transcripts such as long noncoding RNAs 

(lncRNAs) by providing genome-wide expression 

profiling. Many RNA-seq studies have now been 

conducted to characterize lncRNAs and their potential 

role in cell development and differentiation in various 

animals, cell types, and tissues. RNA-seq is a whole-

transcriptome sequencing technique that assesses gene 

expression across a broad range of values. It has been 

widely used in the model organism and human 

research in the past, and it overcomes the limitations of 

microarray technology. A reference library of 

approximately 8000 humans long intergenic 

noncoding RNAs using RNA-seq data has been created 

by Cabili et al., [8] the vast majority of which had never 

been described before. Long noncoding RNAs can now 

be annotated and characterized owing to the recent 

improvements in RNA-seq and computational 

techniques for reconstructing transcriptomes. RNA-

seq has led to the discovery of a large number of 

lncRNAs [9]. As a result, enormous amounts of RNA-

seq data have enabled us to fully identify and quantify 

ncRNAs (also protein-coding RNAs), as well as 

describe their functions. High throughput sequencing 

was used by Liao et al., [10] to identify a total of 62 

lncRNA, 332 miRNA, and 366 mRNA profiles between 

coronary heart disease and healthy control in humans. 

Using a combination of next-generation sequencing 

and bioinformatics, Tonge et al., [11] could identify 

thousands of lncRNAs located throughout the human 

genome, based solely on their function using the 

approach of next generation sequencing technologies 

aided with bioinformatics. 

4. Insect ncRNA research 

ncRNAs have been extensively researched in 

mammals, however their roles in insects are still to be 

clearly understood. The advent of high-throughput 

technology has facilitated the sequencing of various 

insects' genomes and transcriptomes, resulting in the 

finding of several key ncRNAs in insects. Nowadays, 

a 

b 
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tens of thousands of ncRNAs have been discovered in 

insects, thanks to the approaches like RNA sequencing 

technologies, which provide a basis for the structural 

and functional research of ncRNA in invertebrates such 

as insects. Insect ncRNA research previously was 

focussed on model insects, however, now the 

researchers are focussing on identifying and 

deciphering the role of various ncRNAs in non-model 

insects.  

5. MicroRNAs (miRNAs) 

MicroRNAs (miRNAs) are small, single-stranded 

RNAs (ss ncRNAs), about 22-24 nucleotides, with a 

characteristic hairpin structure. Lin-4 was the first 

miRNA to be discovered 1993 in Caenorhabditis 

elegans by the Ambros and Ruvkun groups. Lin-4 was 

initially thought to be a protein-coding gene, but it was 

later demonstrated to produce small RNAs and to 

influence developmental timing in C.elegans [12]. Tens 

of thousands of miRNAs have been discovered since 

then, and are now stored in the miRBase database 

(www.mirbase.org) [13]. Since this first discovery of 

the lin-4 gene, it has become clear that miRNAs have 

many different functions. miRNAs are the most studied 

in humans followed by model organisms from other 

groups. These miRNAs are believed to serve critical 

roles in development, apoptosis, cell differentiation, 

reproduction, behavior, and physiology in eukaryotes, 

including plants and animals [14-16]. Researchers have 

previously shown that miRNAs have a key role in a wide 

range of biological processes in insects, including 

oogenesis, embryogenesis, mounting, metamorphosis, 

immunity, behavior, and host-pathogen interactions 

[17-22]. While miRNA activity is conserved across 

significantly different species, the functions of miRNAs 

in the model species fruit fly, Drosophila melanogaster 

have been thoroughly investigated [23-25]. 

Understanding the role of miRNA in insects other than 

fruit fly, on the other hand, is an emerging trend in 

insect research. 

Biogenesis of microRNAs in insects: miRNA 

biogenesis in insects involves numerous processing 

steps, viz., Transcription of miRNA loci, Pri-miRNA 

processing by the microprocessor complex, nuclear 

export of pre-miRNA, Pre-miRNA processing by Dicer 

and MicroRNA strand selection, and Argonaute 

loading (Figure 3). Monocistronic, bicistronic, and 

polycistronic miRNA transcripts can produce mature 

miRNAs. These transcripts fold into pri-miRNA viz., 

primary miRNA hair-loop structures, that are 

processed in the nucleus by an enzyme, RNase III, 

which liberates the pre-miRNA, precursor miRNA. 

Once this pre-miRNA is transferred to the cytoplasm 

and digested by yet another RNaseIII enzyme, the 

miRNA-miRNA* pair is synthesized. Although the 

biogenesis of miRNAs has been extensively researched 

in model insects such as Drosophila; nonetheless, new 

findings of non-canonical miRNA production and 

processing in other species is emerging day by day 

[26,27]. 

Steps of miRNA biogenesis: 

1. Transcription of miRNA genes 

The initial step of miRNA biogenesis is the 

transcription of miRNA genes. The resulting primary 

transcripts, also known as primiRNAs, are often several 

kilobases (kb) long and undergo extensive processing 

during the formation of the functional 21 nt miRNA 

[23]. Earlier, it was presumed that RNA polymerase III 

(pol III) assisted in the transcription of most miRNA 

sites because it is reported to synthesize the majority of 

smaller non-coding RNAs including such tRNAs and 

U6 snRNAs [16]. As suggested by miRNA gene 

structure and explicit experimental data, miRNA loci 

appear to act as class-II genes, with polymerase II (pol 

II) being the principal RNA polymerase facilitating 

miRNA loci transcription in animal species. Hence, 

RNA polymerase II transcribes the significant 

proportion of miRNA genes, while RNA polymerase III 

transcribes a small percentage of miRNAs. RNA 

http://www.mirbase.org/
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polymerase III, for example, transcribes miRNAs from 

the human Chromosome 19 group [26]. 

2. Processing of primary transcripts 

(primiRNA) by the microprocessor complex 

Pri-miRNAs are usually several kilobases long, with 

local stem-loop structures, and are polyadenylated and 

capped, although the cap and the poly (A) tail are 

removed during miRNA processing [28]. These 

primiRNA undergo an endonucleolytic cleavage at the 

stem of the hairpin structure, thereby releasing a 60–

70 nt hairpin known as the pre-miRNA by the 

microprocessor complex. This microprocessor complex 

(about 500KDa) comprises of an assembly of three 

components viz., i) an enzyme RNase III, ii) Drosha, 

and iii) Pasha, its double-stranded RNA (dsRNA) 

binding partner, otherwise known as DGCR8 in case of 

mammals and nematode, C. elegans [29-33]. The 

cleavage of pri-miRNA transcript takes place by the 

activity of Drosha and its partner protein, 

Pasha/DGCR8. Pasha/DGCR8 targets the precursor 

pri-miRNA, hooks to the flanking ssRNA and dsRNA 

stem junctions, and identifies location 11bp into the 

stem wherein Drosha's activity centre is located to 

fragment the pri-miRNA [34]. Drosha-Pasha/DGCR8 

processing can be bypassed by a non-canonical class of 

miRNAs termed miRtrons [35]. Drosha-Pasha/DGCR8 

processing can be bypassed by a set of non-canonical of 

miRNAs termed miRtrons (Ruby et al., 2007). These 

miRtrons have been heavily studied in Drosophila. The 

pri-miRNA is converted into pre-miRNA (about 70 nt) 

by Drosha-Pasha processing. 

i. Nuclear export of pre-miRNA 

Pre-miRNA is crucial for nuclear transport and is 

transported into the cytoplasm from the nucleus with 

the aid of Exportin-5 (Exp-5). Exp-5, a Ran guanosine 

triphosphate (RanGTP)-dependent dsRNA-binding 

receptor, enables pre-miRNA outflow by targeting the 

2 nt miRNA's 3' tail in the nucleus [36,37]. Exp-5 not 

only works as an element of nuclear export for pre-

miRNAs, but that also shields pre-miRNAs with 

nuclease degradation [37]. 

ii. Cytoplasmic processing of pre-miRNA by 

Dicer 

Pre-miRNAs are processed into mature 22 nt miRNA-

miRNA* duplexes by Dicer, RNase III type enzyme in 

the cytoplasm [38]. The miRNA and miRNA* duplexes 

are the two strands of the dsRNA product of dicer 

processing of the stem-loop precursor miRNA. Dicer 

was first discovered in Drosophila as an important 

enzyme in the RNAi pathway [39]. 

The Drosophila genome encodes two Dicer enzymes, 

Dcr-1 and Dcr-2, each having a unique role in the 

miRNA and siRNA pathways respectively. 

 

Figure 3. Stepwise Biogenesis of miRNA in insects, a. Transcription 

of miRNA genes into the primary miRNA (pri-miRNA) by RNA 

polymerase b. Processing of pri-miRNA into pre-miRNA by Drosha 

in association with Pasha c. Transport of pre-miRNA into cytoplasm 

by Exportin 5 d. Incorporation of miRNA duplex into the RISC 

complex followed by translational repression. 

iii. Formation of miRNA containing RNA 

Induced Silencing Complex 

After the cleavage of the pre-miRNA to form miRNA-

miRNA* duplex by the action of Dcr-1, one of the 

strands is loaded into the RISC. The Argonaute family 

of sRNA-guided RNA-binding proteins forms the core 

part of the RISC. The miRNA-Ago complex is ready to 

operate on the vast majority of the target sequences of 
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insect miRNAs; however, certain miRNAs require 

further processing following Ago loading. Typically, the 

miRNA-Ago complexes silence the gene expression 

after transcription by either inhibiting translation or 

degrading mRNA. 

Role of miRNAs in insects: 

MiRNAs have an extensive role in various insect 

biological processes viz., development, immunity, host-

pathogen interactions. Some of the miRNA roles in 

insects have been discussed below: 

1.Insect Germ Cell Development 

The significance of miRNAs in the developmental 

processes of insects has received the glaring attention 

in comparison to other areas of insect biology, owing to 

their conserved functions in the development of 

animals. The model insect Drosophila melanogaster, 

which has a plethora of genetic tools at its disposal, has 

been the focus of miRNA study, particularly concerning 

insect development. Experimental evidence reveals 

that proteins involved in controlling germ cell 

development work in tandem with the miRNA pathway 

to control important signaling pathways that govern 

the fate of progenitor cells. In Drosophila, loss of miR-

184 results in failure of oogenesis coupled with defects 

in early embryogenesis [40]. For proper differentiation 

of germ stem cells (GSCs) in Drosophila, the repression 

of miR-7 caused by Maelstrom protein is a must and the 

absence of which inhibits differentiation of GSCs into 

primary spermatocytes in the testes [41]. miRNAs have 

a role to play in the panoistic type of oogenesis in 

Drosophila, apart from the meroistic type. 

Experimental findings in the German cockroach, B. 

germanica revealed that miRNAs play an important 

role in the regulation of oogenesis in panoistic ovaries. 

The sterile females were found to be developed due to 

the depletion of Dicer-1 in B. germanica [42]. 

2.Muscle development  

A microRNA, miR-1, regulates heart function in 

Drosophila and mice by maintaining the transcript 

levels of the RhoGTPase Cdc42 gene, that in turn is 

essential for cardiac output and the maintenance of 

myofibrillar architecture in the heart [43]. Besides this, 

miR-1 is also responsible for keeping the muscular 

integrity in insects [23]. Because of the profound 

evolutionary conservation of miRNAs, Drosophila has 

been used as a model to better comprehend the 

signaling pathways associated with muscle 

development, the heart muscles in particular, in order 

to efficiently manage relevant disorders or ailments. 

3.Apoptosis 

Research shows that some of the miRNAs viz., Bantam, 

miR-14, miR-2, and miR-13 supposedly are cell death 

inhibitors in Drosophila [18]. Besides this, members of 

the miR-2 family, specifically miR-2/6/11/13/308, are 

vital for the regulation of cell death during the process 

of embryogenesis in Drosophila [44]. 

4.Host-pathogen interactions 

 The role of insect miRNAs in host-pathogen 

interactions is now well established [45]. Experimental 

evidence suggests that miRNAs can target host-

pathogen interactions either by targeting the pathogen 

directly or by changing the expression of host genes 

which are beneficial to the pathogen [46,47]. In the 

case of Anopheles gambiae, after the attack and 

invasion by the parasite Plasmodium berghei, 

expression patterns of four miRNAs produced in the 

midgut of the mosquito was significantly modified 

[48].  

5. miRNAs in insect pest management 

Only a handful amount of studies, though promising, 

have been reported on the utilization and successful 

exploitation of miRNAs for the insect pest 

management. The trans-kingdom RNA interference 

(RNAi) approach utilizing miRNAs have been utilized 

for pest control. This method entails miRNAs being 
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delivered through kingdoms by food to receptive 

species, wherein they subsequently execute their 

biological function. Escherichia coli has been 

engineered to express precursors for artificial 

miRNAs (amiRNAs) that target insects for the purpose 

of pest control using TK-RNAi/bacterial-mediated 

miRNA expression. An amiRNA is an altered 

endogenous miRNA progenitor with sequences 

tailored to inhibit any predetermined target gene in 

place of the miRNA: miRNA duplex. Larvae of H. 

armigera fed with E. coli-expressing a precursor for 

an amiRNA that targets Ecdysone Receptor EcR, 

showed considerable mortality, decrease in the rate of 

oogenesis, and the developmental abnormalities. 

During feeding, H. armigera is thought to have 

ingested the E. coli-expressed precursor backbone, 

which was then changed into the mature amiRNA that 

targeted EcR and resulted in the visible effects. This 

strategy is less expensive in comparison to the 

synthesised miRNA mimics for insect pest control [49]. 

6.  Long non-coding RNAs (lncRNAs) 

NcRNAs of size greater than 200 nt belong to the 

category of lncRNAs and are believed to be present in 

all the eukaryotic organisms including insects. 

LncRNAs are categorized in four groups based on the 

genomic location from which they are transcribed: a) 

Sense lncRNAs; b) antisense lncRNAs; c) Intergenic 

lncRNAs and d) Intronic (bidirectional) lncRNAs [50] 

(Figure 4). LncRNAs transcribed from the sense strand 

of protein-coding genes are termed sense lncRNAs. On 

the contrary, antisense lncRNAs are transcribed from 

the antisense strand of protein-coding genes. 

Intergenic lncRNAs are transcribed from Intergenic 

locations from both the strands while Intronic lncRNAs 

are transcribed entirely from introns of protein-coding 

genes. As compared to other classes of ncRNAs in 

insects, lncRNAs have been extensively studied. 

Biogenesis of LncRNAs: 

The biogenesis of most of the lncRNAs is similar to that 

of mRNAs. It is believed that in eukaryotes, the 

majority of the lncRNAs get transcribed by RNA 

polymerase II. However, it is found that some of the 

novel lncRNAs get also transcribed by RNA polymerase 

III. Most of the lncRNAs are capped, polyadenylated, 

and spliced by the canonical mode. They can also be 

metabolized in non-canonical ways, perhaps by 

cleaving them with ribonuclease P (RNase P) to yield 

mature 3′ ends, capping them with snoRNA-protein 

(snoRNP) complexes at their ends, and forming of the 

circular structures [51]. 

 

Figure 4. Classification of lncRNAs based on genomic locations. 

 

Mode of action of LncRNA: Three major paradigms 

for characterizing lncRNA function have emerged: 

guides, dynamic scaffolds, and molecular decoys. 

LncRNAs as Guides: LncRNA as guides are 

necessary for the appropriate localization and 

organization of the factors at specific genomic loci for 

genome regulation. These transcripts connect to 

regulatory or enzymatically functional proteins, 

including such transcriptional regulators and 

chromatin modifiers, to channel them to designated 

locations in the genome at either cis or trans sites from 

their transcription locus [52]. 

LncRNAs as Scaffolds: LncRNAs as “molecular 

scaffolds”, play an important structural role in 

assembling multi-protein complexes such as short-
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lived ribonucleoprotein (RNP) complexes. LncRNAs, 

which operate as dynamic molecular scaffolds, serve a 

structural role in the transitory assembly of numerous 

enzymatic complexes as well as other regulatory co-

factors. RNP complexes can repress or enhance 

transcription depending on the presence and type of 

the RNAs and proteins involved once they've been fully 

assembled [53]. 

LncRNAs as Decoys: The primary purpose of decoy 

lncRNAs is to act as a molecular sink, limiting the 

availability of certain regulatory components. RNA-

binding proteins, transcription factors, mirnas, 

catalytic proteins, and components of larger modifying 

complexes are sequestered by this RNA class, thus 

modulating the gene expression [54]. 

Role of lncRNAs in insects: Due to the 

development of a computational pipeline to identify 

lncRNAs from RNA-Seq data, a great number of 

lncRNAs have been identified in insects in these recent 

years. The role of lncRNAs in the development of 

insects, insecticide resistance, and anti-viral defense 

has been studied in various insect pests [55]. 

i. Dosage compensation and genomic 

imprinting 

i) Dosage compensation and genomic imprinting 

Dosage compensation is a technique that organisms 

use to alter the dose and so balances the X-

chromosome (or Z-chromosome) genes  expression 

levels in both  males and females of a species. In 

animals, the dosage compensation acts by 

epigenetically silencing one of it's x - chromosome in 

females through the Xist lncRNA in cis form. In 

Drosophila, the male-specific dosage compensation 

complex (DCC) activates the majority of genes on the 

single X chromosome. It is involved in the global 

acetylation of histone H4 at lysine 16 (H4K16ac), 

ultimately resulting in a two-fold increase in their 

expression in order to match the expression from the 

two X  chromosomes in females [56]. 

ii. Waggle dance in Apis mellifera 

Based on RNA sequencing of four sets of the honey bee 

brains, it was discovered that about 2877 lncRNAs and 

9647 mRNAs were identified from honey bee brains. 

The comparison of waggling dancers and non-dancing 

bees revealed nine differently expressed lncRNAs. A 

comparison study revealed that two lncRNAs 

(MSTRG.6803.3 and XR 003305156.1) that were likely 

engaged in the honey bee waggle dance controlled ten 

genes via the cis-regulatory mechanism [57]. 

iii. Other functions 

LncRNAs are found to be involved in the transition of 

the larvae during metamorphosis in Drosophila [54]. In 

Apis mellifera, an abundance of four lncRNA in the 

brain such as; Nb-1, Ks-1, AncR-1, and kakusei, play a 

key role in regulating their foraging behavior [58]. 

Insect lncRNAs have also been implicated in fecundity 

and pesticide resistance in N. lugens [59,60]. Some 

lncRNAs were shown to be substantially expressed in 

insecticide-resistant strains [61,62] and some were 

attributed to chlorantraniliprole resistance in the 

diamondback moth [61,62]. 

Conclusion 

The ncRNAs are functional and important regulatory 

molecules in almost all biological processes. The recent 

advances in the high-throughput sequencing 

technology has helped the researchers to discover the 

novel types of ncRNAs and to study their functions. A 

number of ncRNAs have been reported from insects, 

but their utilization towards the development of eco-

friendly and effective insect pest management practices 

are lacking. Many studies have also been conducted on 

the ncRNAs involved in the diseases of beneficial 

insects such as honeybees and silkworm. Therefore, the 

research on the structure, function and diversity of 

ncRNAs in insects deserves special attention to exploit 
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their role in insect pest management and also in the 

prevention and management of diseases of beneficial 

insects. 
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