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Abstract: Natural products have been studied to provide alternative treatments against human diseases as they have various medicinal 
properties. One of these natural products is substances in the class of flavonoids. These bioactive molecules have antioxidant, anti-
inflammatory and antitumor activities. The number of studies focusing on these molecules is increasing to discover new therapeutic agents 
against diseases such as cancer. We aimed to determine the anticancer and apoptotic effects of plant-derived natural 5,7,8-trihydroxyflavone 
(Nor-wogonin) on androgen-independent human prostate cancer (PC-3) cells in vitro. Nor-wogonin concentrations of 10, 20, 40, 80 µM 
were prepared and applied to human prostate cancer cells for 24 hours. The anticancer effect of flavone was determined by MTT 3-(4,5-
dimethylthiazol-2-yl)-diphenyl tetrazolium bromide) method, and its effect on pro-apoptotic and anti-apoptotic genes was determined by 
Real-Time PCR analysis. According to the obtained data, Nor-wogonin applied to PC-3 cells decreased in vitro cell viability due to 
increasing concentration (p<0.05) and the IC50 value was calculated as 57.29 μM. In addition, it was determined that Nor-wogonin directed 
PC-3 cells to apoptosis by acting on various anti-apoptotic and pro-apoptotic gene expressions. 

Keywords: Prostate cancer; Nor-wogonin; Anticancer effect; Apoptosis 

© All rights reserved. 

1 Introduction 

Cancer is a serious health problem that accounts for 70% of 
all deaths worldwide (Cadona et al. 2022). Prostate cancer is 
the most common aggressive cancer among men (Barsouk et 
al. 2022). Aggressive and metastatic prostate cancer is among 
the dangerous, life-threatening tumors and is one of the 
leading causes of death in men (Apostolatos et al. 2018). 
Prostate tumors usually occur as a mixture of androgen-
dependent and androgen-independent cells (Tang and Porter 
1997; Russell et al. 1998). In advanced stage and metastatic 
prostate cancers, a fatal hormone-resistant disease develops 
with the growth of tumor cells and the formation of new cells 
independent of androgen. In this regard, it is important to 
introduce new treatment strategies and to encourage cells to 
apoptosis in the treatment of prostate cancers (Huang et al. 
2004). 

Carcinogenesis is a complex phenomenon involving genetic 
and epigenetic changes affecting tumor suppressor genes and 
oncogenes (Shu et al. 2010). In cancer treatment, natural 
products are becoming important candidates for drug 
discovery. Especially the phytochemicals in these products 

have been extensively researched as anticancer therapeutics. 
These bioactive molecules exert their anticarcinogenic 
activities by interfering with the formation, development and 
progression of cancer by regulating cell differentiation, 
proliferation, angiogenesis, metastasis and apoptosis (Chen et 
al. 2008). Many successful anticancer drugs currently 
available contain phytochemicals (Mondal et al. 2011) and 
some are being investigated in human clinical trials (Sultana 
2011). 

Flavones constitute one of the subgroups of flavonoids, which 
are among the most important bioactive compounds among 
secondary metabolites (Martens and Mithofer 2005). 
Flavonoids make up the largest group of polyphenols and are 
abundant in a variety of plant products such as fruits, and 
vegetables (Pallauf et al. 2017). Besides having biochemical 
and pharmacological activities, including antioxidant, 
anticarcinogenic, anti-inflammatory, antiproliferative and 
antiangiogenic effects, flavones do not have any toxic effects 
(Havsteen et al. 2002). It has been reported that flavonoids 
exert their antitumor effects through the induction of 
apoptosis, some phytochemicals such as tea, zerumbon and 
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turmeric have been investigated to trigger apoptosis by 
regulating the down-regulation of Bcl-2 and Bcl-XL in 
various tumor cells (Aggarwal et al. 2005; Takada et al. 2005; 
Nishikawa et al. 2006).  

Nor-wogonin (5,7,8-trihydroxyflavone) is a polyhydroxy 
flavone isolated from Scutellaria baicalensis with various 
biological activities such as anticancer, antiviral and 
antioxidant (Hui et al. 2002; Miyasaki et al. 2013). Nor-
wogonin induces apoptosis in HL-60 leukemia cells (Chow et 
al. 2008) and inhibits cell division by stopping the cell cycle 
in MDA-MB-231 cell line, leading cells to apoptosis and 
perform an antiproliferative effect (Abd El-Hafeez et al. 
2019). In addition, Nor-wogonin has the potential to inhibit 
the growth of colorectal cancer cells in vitro by triggering 
apoptosis, autophagy and cell cycle arrest and it is thought to 
be developed as a possible anticancer agent (Wang et al. 
2020). 

It is important to define new therapeutics in cancer treatment 
and to reveal their mechanisms of action in cancerous cells 
(Eastman et al. 2006). Many studies conducted for this 
purpose focus on the discovery or development of new 
therapeutics (Genc et al. 2016, Sahin et al. 2018). In this 
study, we aimed to determine the anticancer and apoptotic 
effects of Nor-wogonin on the human prostate (PC-3) cancer 
cell line. 

2 Materials and Method  

2.1 Cell line, Cell Culture and Test Compound 

Androgen-independent prostate cell PC-3 cells were used in 
the study. RPMI-1640 medium (Sigma-Aldrich, USA; added 
into the medium 10% FBS, 100 U/mL penicillin and 0.1 
mg/mL streptomycin) was used to feed PC-3 cells. Cells were 
fed in cell culture flask (TPP; Switzerland) and placed in a 
humidified incubator (5% CO2, 37°C; N-Biotek, Korean). 
The cell medium was refreshed on average every 3-4 days and 
cell passages were performed when the cells reached 90% 
confluence. The 10, 20, 40, 80 µM concentrations of Nor-
wogonin (Cayman Chem, Cas number: 4443-09-8) in RPMI-
1640 (for PC-3 cells) medium were prepared. 

2.2 Determination of Cell Viability 

The cytotoxic effect of Nor-wogonin on PC-3 cell line was 
determined by MTT (3-(4,5-dimethylthiazol-2-yl)-diphenyl 
tetrazolium bromide) assay. Cells reaching 90% density were 
removed from the bottom of the flasks by Trypsin-EDTA 
solution and counted under an inverted microscope. Cells 
were seeded into 96-well microplates with 15x103 cells per 
well. The seeded cells were incubated for 24 h in a CO2 
incubator at 37°C. After incubation, the media in the wells 
were refreshed, then different concentrations of Nor-wogonin 
were added to the microplate wells and incubated for 24 hours 
(Koran et al. 2017). 

Then, the cell medium in the microplate was removed and the 
MTT solution (0.5 mg/mL) was added to each well and 

incubated for 3 h. After the incubation, MTT solution in the 
wells was aspirated and 100 µL of dimethyl sulfoxide 
(DMSO) was added to each well and the incubation was 
stopped. Optical densities of cells in microplates were 
determined by spectrophotometer (Thermo, USA) at a 
wavelength of 570 nm (Mosmann 1983). 

The average of the absorbance values obtained from the 
control wells was calculated and this value was accepted as 
100% viable cells. The percentages of viability values in the 
experimental wells were determined by comparing the 
absorbance values obtained from Nor-wogonin applied wells 
to the control absorbance value.  

2.3 Determination of the IC50 Value 

According to the MTT analysis data, it was determined at 
what dose the high level effect of Nor-wogonin occurred. The 
effects of the compounds at different applied concentrations 
were evaluated using the GraphPad Prism 9 program to 
calculate the inhibitory concentration 50 (IC50) value of the 
test compound on PC-3 cells. In the studies to be carried out 
after this step, the determined effective doses were applied to 
the cells. 

2.4 RNA Isolation and Complementary DNA (cDNA) 

Synthesis 

For the total RNA isolation, 1.5 mL of cold PBS was added 
to each well of 6-well microplates containing 1x106 cells 
treated with Nor-wogonin IC50 values for both PC-3 cells and 
then cells were scraped from the bottom of the flask. Total 
RNA isolation from human PC-3 cell line performed in 
accordance with the manufacturer’s protocol (Thermo Fisher 
Scientific). cDNA synthesis was performed with the 
following the manufacturer's protocol (Bio-Rad). 

2.5 Primer design and gene expression analysis 

Polymerase chain reactions (PCR) were performed on a Bio-
Rad CFX96 Real-Time PCR cycler and with a master mix 
(2xqPCRBIO SyGreen Mix Lo-ROX Kit, PCR Biosystems) 
containing SYBR Green, which was used to obtain gene 
expression profiles of cDNA samples. The associated genes 
of primers sequences were designed by Primer3 software 
program (v. 0.4.0), and they were obtained commercially 
(Metabion). The specific binding forward and reverse primer 
sequences of the associated gene and gene symbols are given 
in Table 1. β‐Actin was taken as a housekeeping gene in 
qPCR studies.  

qPCR reaction conditions; after incubation at 95°C for a 
period of 2 minutes; at 95°C for a period of 5 sec, 40 cycles; 
at 66°C for a period of 45 sec, 45 cycles; it was set at 74°C 
for a period of 2 minutes, 45 cycles, and finally at 72°C for a 
period of 5 minutes, 1 cycle. mRNA expression rates were 
determined by the comparative threshold cycle (2‐ΔΔCt) 
method (Livak and Schmittgen; 2001). Ct values were 
normalized with β-actin mRNA expression ratios (Livak and 
Schmittgen 2001). 

 

 

 

 

 



 
Bull Biotechnol (2023) 4(1):1-6 

 

3 
 

Table 1. Forward and reverse primer sequences designed for use in 
quantitative polymerase chain reaction. 

2.6 Statistical analysis 

Statistical analyzes were performed with the GraphPad Prism 
9 package program. One-way ANOVA was used to detect 
changes between different groups and Tukey's test was used 
for multiple comparisons. Quantitative data were analyzed as 
mean with standard deviation (mean±SD). The degree of 
significance of the analyzes was given with the symbol (*). 
p>0.05 (not significant, ns); *p<0.05 (significant); **p<0.01 
(very significant); ***p<0.001 (highly significant). 

3 Results and Discussion 

The cytotoxic effect of Nor-wogonin on the human prostate 
cancer cell line is shown in Fig. 1. Accordingly, the applied 
10 and 20 µM concentrations of flavone did not reveal a 
significant change in cell viability compared to the control 
group, while the 40 and 80 µM concentrations significantly 
decreased the cell viability (*p<0.05). In addition to cell 
viability assay we detected the IC50 values of the Nor-

wogonin. The IC50 values of Nor-wogonin on PC-3 cells were 
calculated as 57.29 µM.  

 
Fig. 1 The % change in viability of PC-3 human prostate 
cancer cells treated with different concentrations of Nor-
wogonin for 24 hours. The data obtained are shown as 
mean±SD. *p<0.05 vs control group. 

The mRNA expression levels of bcl-2, bax, p53 and caspase-
3 genes of Nor-wogonin applied to PC-3 and HeLa cells were 
determined. The mRNA expression levels of the genes were 
calculated by the 2−ΔΔCT method (Livak KJ and Schmittgen 
2001). The results were normalized using the mRNA 
expression level of the β-actin reference gene. mRNA 
expression rates of bcl-2, bax, p53 and caspase-3 genes were 
determined. The mRNA expression levels of all genes were 
evaluated as 1.0 for the control group and the results were 
given as fold values compared to the control group. The rates 
of increase and decrease of mRNA expressions of bcl-2, bax, 
p53 and caspase-3 genes compared to control groups PC-3 
cells are given respectively in Fig. 2. 

 
Fig.2 Quantitative changes in the gene expression levels of the control and Nor-wogonin groups in PC-3 cells. Changes in the 
gene expression levels of bax, bcl-2, p53 and caspase-3 (d) were examined by qPCR. β‐Actin was used as a housekeeping gene. 
mRNA, messenger RNA; qPCR, quantitative polymerase chain reaction. 

Gene names Primer Sequences (5’-3’) 
β-actin Forward CACCCCAGCCATGTACGTTGC 

Reverse CCAGCCCATGATGGTTCTGAT 
bcl-2 Forward GAGGGGCTACGAGTGGGATGC 

Reverse GGAGGAGAAGATGCCCCGGTGC 
bax Forward CCCGAGAGGTCTTTTTCCGAG 

Reverse CCAGCCCATGATGGTTCTGAT 
p53 Forward CCTCAGCATCTTATCCGAGTGG 

Reverse GGATGGTGGTACAGTCAGAGC 
 caspase-3 Forward GCGAATCAATGGACTCTGGAA 

Reverse GTCAACAGGTCCATTTGTTCC 
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Prostate cancers are a group of tumors associated with 
androgen hormone (Panvichian and Pienta 1996, Klocker et 
al. 1999). Androgen deprivation and estrogen hormone 
replacement therapies have attracted attention as treatment 
strategies to reduce the growth of these types of tumors. 
However, androgen ablation may lead to the development of 
androgen-independent tumors that are less responsive to 
conventional chemotherapeutic treatments (Panvichian and 
Pienta 1996; Klocker et al. 1999). 

Studies indicate the availability of herbal-based flavonoid 
therapies as an alternative method to arrest androgen-
independent tumor growth. How flavonoids alter the growth 
of these types of cells has not been determined, but suggests 
that they alter the estrogen receptor and expression of 
hormone-sensitive genes (Denis et al. 1999). 

Natural products of plant origin, such as flavonoids, are the 
leading sources of many medicines and dietary supplements 
(Hui et al. 2002, Li and Vederas, 2011). The biological effects 
of Wogonin and Nor-wogonin, which are 
polyhydroxyflavones and are relatively similar in structure, 
have been reported (S Patel et al. 2013). The structural 
difference between Wogonin and Nor-wogonin is due to the 
presence of a methoxyl (OCH3) group on the C8 of Wog and 
a hydroxyl (OH) group on the C8 of N-Wog (Huang et al. 
2017). Nor-wogonin has been reported to be a more effective 
apoptotic inducer than Wogonin in human leukemia HL-60 
cells (Chow et al. 2008). In another study, it was reported that 
Nor-wogonin had no toxic effect on rat PC-12 normal adrenal 
gland cells (Jing et al. 2021). There are not enough studies in 
the literature with the cytotoxic activity of Nor-wogonin 
compared to Wogonin. Therefore, in this study, we aim to 
contribute to the literature by investigating the cytotoxic 
effect of Nor-wogonin in human androgen-independet 
prostate cancer cells.  

In the studies, the anticancer effect of Nor-wogonin and the 
IC50 values in androgen-independented prostate cancer cells 
were calculated. In one of these studies, Nor-wogonin was 
reported to decrease the viability of human triplet breast 
cancer cells, and the IC50 values of Nor-wogonin in MDA-
MB-231, HCC70, BT-549, and HCC1806 were 32,24, 39.05, 
56.2, and 37.3 µM, respectively (Abd El-Hafeez et al. 2019). 
In another study, it was emphasized that Nor-wogonin had a 
cytotoxic effect on HL-60 human leukemia and SW48 human 
colon cancer cells, and the IC50 values of HL-60 and SW48 
cells were calculated as 21.7 µM and 15.5 µM, respectively 
(Chow et al. 2008). In our previous study, we also showed the 
anticancer effect of Nor-wogonin in human cervical cancer 
HeLa cell line and determined the IC50 value as 32.09 µM 
(Karakuş and Ünal Karakuş, 2022). According to our findings 
in this study, Nor-wogonin decreased cell viability in PC-3 
cells. While a statistically significant decrease in cell viability 
was observed at 40 and 80 µM concentrations of Nor-
wogonin treated with PC-3 cells, no statistically significant 
decrease was detected at 10 and 20 µM concentrations. In 
addition, the IC50 value of Nor-wogonin for PC-3 cells was 
calculated as 57.29 µM.  

Natural compounds such as flavonoids are considered 
important agents for the prevention and treatment of cancer 

due to their potential therapeutic effects and limited toxicity 
to healthy cells (Toshiya et al. 2012). In carcinogenesis, 
flavonoids interfere with intracellular signal transduction 
pathways, thereby suppressing proliferation, metastasis, 
angiogenesis and increasing apoptosis (Ravishankar et al. 
2013, Srivastava et al. 2016). Controlled by genes in the cell, 
apoptosis is part of the cell's active death process (Kerr et al. 
1972). In our study, we also investigated the expression levels 
of antiapoptotic bcl-2, proapoptotic bax, caspase-3 and p53 
genes, which are involved in apoptotic processes of Nor-
wogonin in PC-3 cells. While bcl-2 gene expression 
decreased in PC-3 cells, the expression of bax, caspase-3 and 
p53 genes increased.  

Activation of the caspase cascade occurs in cells undergoing 
apoptosis (Estaquier et al. 2012). In this study, Nor-wogonin 
increased caspase-3 gene expression in both cell lines. Bax 
and bcl-2 gene expression rate is important in initiating 
apoptosis (Liu et al. 2005). According to our findings, Nor-
wogonin increased the expression rate of bcl-2/bax genes in 
PC-3 cells. 

Tumor suppressor protein p53 is responsible for regulating 
bax and bcl-2 gene expression, activating cell cycle 
checkpoints, DNA repair mechanisms and apoptosis response 
(Farnebo et al. 2010). DNA-damaging agents induce 
increased p53, which plays a leading role in directly 
activating the pro-apoptotic bax gene to activate the apoptotic 
program (Miyashita et al. 1994). In this study, Nor-wogonin 
increased p53 expression in PC-3 cells. 

5 Conclusion  

Nor-wogonin showed anticancer effect in PC-3 human 
prostate cancer cells and induced apoptosis by showing 
increased bax, caspase-3 and p53 gene expression and 
decreased bcl-2 gene expression. However, further studies are 
needed to better understand how Nor-wogonin affects the 
molecular mechanisms in cell death and to determine its 
biocompatibility levels. 
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Abstract: Investigating the insecticidal properties of Chenopodium botrys L. plant extracts is valuable for pest control and agricultural 

practices. C. botrys L. plant extracts may exhibit various enzymatic activities, such as protease, amylase, lipase, and antioxidant activities. 

Investigating these enzymatic properties provides insights into the plant's biochemical composition and potential applications. This study 

was aimed to reveal the insecticidal activity and enzyme activity of the essential oil and extracts obtained by different solvent and extraction 

methods by using the aerial part of the plant. Plant material was collected from Erzincan. The essential oil of C. botrys L. plant was obtained 

by steam distillation using Neo-Clavenger device. The remaining aqueous part was extracted with the solvent ethylacetate and n-butanol, 

respectively. In the end, five extracts were obtained: essential oil (CB-EO), untreated aqueous extract (CB-F), ethylacetate (CB-EA), n-

butanol (CB-nBu) and processed aqueous extract (CB-L). The effects of five extracts on both insecticidal (against Sitophilus granarius and 

Tribolium castaneum) and enzyme activities (acetylcholinesterase, xanthine oxidase (XO) and tyrosinase) were studied. It has been 

determined that CB-F and CB-nBu extracts have an activation effect against tyrosinase enzyme with IC50 values of 250 and 423 µg/mL, 

respectively. At the end of 48 hours, CB-EA extract was determined to cause 20% death against the adult insects of Sitophilus granarius 

as a result of contact toxicity test. As a result of GC-MS analysis of essential oil, α-Eudesmol compound was analyzed as the main 

component. In conclusion, studying the enzyme and insecticidal activities of C. botrys plant extracts is significant due to its potential 

applications in pest control, biotechnology, natural product discovery, and sustainable agriculture. 

Keywords: Biological activity; Phenolic compounds; Spinachaceae family; Essential oils 
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1 Introduction  

Chenopodium plant species are from the Spinachaceae family 

and their leaves resemble crow's feet. These plant species are 

grown in different parts of the world as a leafy plant and as a 

secondary cereal crop. This plant species can also be in the 

form of an annual or perennial shrub in herbaceous form. The 

species included in the family are generally distributed in 

most of Europe, Asia and North America. They spread in a 

wide variety of areas such as arid regions, soils rich in 

nitrogen potassium, coasts, roads, fields and riversides 

(Akman et al. 2007; Yıldırımlı 2003; Tozoğlu 2011). 

Recently, interest in the crowbar plant has been growing in 

many countries, especially in Europe, and research has been 

increasing. The Chenopodium botrys L. plant has traditionally 

been used for medicinal purposes. This information is based 

on folklore, not proven information on the threshold of 

scientific data. C. botrys, the scent of incense gives it 

characteristic meanings. As a result of scientific studies, it has 

been determined that the essential oil of the plant shows 

antibacterial and antifungal activity because it contains 

sesquiterpene compounds containing oxygen (Mahboubi et 

al. 2011; Andov et al. 2014; Morteza-Semnani 2017). 

Plants are the main source of many bioactive compounds. 

Therefore, it has been reported in many studies that they 
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significantly affect enzyme activities both as extracts and as 

pure compounds. Many phycochemicals have been reported 

that specifically affect the enzyme activities of 

acetylcholinesterase (AChE), Xanthine oxidase (XO), and 

Tyrosinase (Kebbi et al. 2021; Yırtıcı et al. 2022). Therefore, 

the potential effects of the obtained extracts on these three 

enzymes were investigated in this study. 

The world population is increasing day by day and as an effect 

of global warming, food supply to the population will cause 

great problems in the coming years. The overall pandemic 

conditions have made this situation even more obvious for 

humanity. Therefore, the supply of food, its safe 

transportation and limited resources are a big problem for 

humanity, which depends on agricultural systems. The 

current global agricultural production needs to be protected 

from many factors, from harvest to table. The biggest problem 

comes from warehouse pests, which also constitute a large 

insect team. These insects, which are harmful to cereals, can 

easily adapt themselves to environmental conditions and can 

live even in difficult conditions. 

Storage pests are classified as primary pests and secondary 

pests, depending on their diet and amount. Sitophilus 

granarius and Tribolium castaneum are considered one of the 

primary pests. Due to the harmful effects of this pest, serious 

losses are experienced in stored products (Singh et al. 2009). 

The widely used approach to control warehouse pests in the 

world is pesticides and especially fumigants (Mutungi et al. 

2014). 

However, in recent years, serious concerns caused by 

pesticides in agricultural products, increasing demand for 

storage products due to diseases and increasing demand have 

led to the development of environmentally friendly 

approaches for the protection and cultivation of these 

products (Alkan et al. 2019). For this reason, natural origin 

plants and natural organic compounds obtained from them, 

which are naturally safe for people to consume, have started 

to be used for these purposes. Natural compounds, which 

have an insect repellent or killing effect on insects, destroy 

insects with many mechanisms. compounds that mostly target 

enzyme systems immediately stop the pest from living. If 

such natural compounds or enzyme inhibitors or activating 

compounds are found, this problem can be directly reduced to 

a minimum. 

The mechanism of action of insecticides on insects is 

becoming more elucidated by the day. The importance of the 

enzyme system in insects has emerged. Inhibition or 

activation of AChE by natural insecticides can affect the 

movement and balance of the organism or organisms exposed 

to it. AChE is typically synthesized in nerve, muscle, and 

some blood-related cells. The enzyme is localized 

extracellularly in excitable tissues, both nerve and muscle. 

The enzyme acetylcholinesterase hydrolyzes acetylcholine to 

choline and acetic acid. The formed choline is transported 

back to the nerve centers to form new ACh molecules (Purves 

et al. 2008). Acetylcholine is a neurotransmitter found at the 

intersections of nerves and muscles, in lymph nodes in the 

visceral motor systems, and in various parts of the central 

nervous system. Studies show that acetylcholine affects the 

speed of individual neurons. AChE inhibitors are used in the 

treatment of Alzheimer's disease, glaucoma, smooth muscle 

weakness and various autonomic nervous system disorders 

(Taylor et al. 2009).  

Xanthine oxidase (XO) acts as an important source of 

oxygen-derived free radicals that cause oxidative damage 

before and after biological events in living tissues. XO 

enzyme is among the most important factors of joint 

inflammation in relation to hyperuricemia in the joints, as it 

causes uric acid to accumulate in the joint area. Natural 

products provide a broad pool of XO inhibitors that can turn 

into critical products. Today, the potential to develop 

successful natural products to prevent or control XO-related 

diseases is still largely unexplored.  

The enzyme tyrosinase, also known as phenol oxidase, is 

known to be a copper enzyme commonly found in plants, 

insects, animals and microorganisms (Yang et al. 2005, Liu et 

al. 2006). For vertebrates and plants it is crucial for the 

formation of pigmentation and for biological processes such 

as the browning of fruits and vegetables. It is the key enzyme 

involved in the formation of melanin in melanocytes. 

Tyrosinase catalyzes both the hydroxylation of monophenols 

and the oxidation of o-diphenols to o-quinones. In insects, 

tyrosinase is a widespread enzyme that plays an important 

role in normal developmental processes such as cuticular 

stratification, scleritization, wound healing, opsonin 

production, and encapsulation and nodulation to defend 

against foreign pathogens (Wang et al. 2005; Ma and Kanost 

2000). Diphenolase is the essential insect enzyme in the 

oxidation of catecholamine to its corresponding kinins, which 

are then metabolized to melanin or crosslinking proteins in 

sclerotin. 

In this study, C. botrys, known as "yapışkan kazayağı" among 

the people, was collected in the central district of Erzincan in 

our country. In this study, it was aimed to reveal the 

insecticidal activity and enzyme activity potential of the 

essential oil and extracts obtained by different solvent and 

extraction methods by using the aerial part of the plant. The 

purpose of this study can be expressed in several steps. 

Firstly; is to eliminate the damage of this insect species, 

which is a storage pest, to grains with completely natural 

plant-derived products. In addition, it was aimed to determine 

the effects on acetylcholine esterase, tyrosinase and xo 

enzymes and to determine the content of essential oil 

components by GC-MS technique. 

2 Materials and Method  

2.1 Plant Material and Extraction  

C. botrys plant was collected from the Central region of 

Erzincan province during the flowering period of June-July. 

Prof. Dr. Ali Kandemir validated the taxonomic identity of 

the plant material, and a voucher specimen (EBYU 11627) 

has been deposited at the Herbarium of the Faculty of 

Pharmacy, Erzincan Binali Yıldırım University. The aerial 

parts of 1000 g C. botrys plant were cut with scissors and 

boiled in water for approximately 3 hours at 110 °C in the Neo 

clavenger apparatus. The essential oil collected in the 

collection chamber of the Clavenger apparatus was taken into 
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glass vials and a small amount of sodium sulfate was added 

into it to remove the water (CB-EO). Total of 650 µl of 

essential oil was obtained. On the other hand, the remaining 

aqueous part was separated from the pulp with the help of 

filter paper. Slightly separated from the supernatant portion 

and this was recorded as the untreated aqueous portion (CB-

F). The aqueous fraction was first extracted with ethylacetate 

and the solvent of the extract was evaporated (CB-EA, yield 

% 2.7, 2.7 gr). The remaining aqueous was then extracted 

with n-butanol and its solvent was evaporated (CB-nBu, yield 

% 4.6, 4.6 gr). At the end of these processes, the remaining 

aqueous portion was placed in a separate container (CB-L). 

Especially CB-F and CB-L extracts were dehydrated in the 

lyophilizer. Extracts were stored in the dark and at +4 °C until 

study time. 

2.2 Production of insect cultures 

Adult individuals belonging to S. granarius and T. castaneum 

insect species were used for insecticide activity studies. The 

cultivation of both insect species was carried out by 

modifying the methods of Karakoç et al (2006). In order to 

obtain the same stage adults from S. granarius to be studied, 

1/3 of wheat was placed in 1 L glass jars and 500 adults were 

released on average and they were expected to lay eggs for 7 

days. Adult individuals released after this period were 

collected. For obtaining T. castaneum eggs, nutrient medium 

consisting of sifted 70% flour and 30% dry yeast was 

prepared. Approximately 500 adults were placed in a 1-liter 

spawning jar containing a mixture of sifted flour and yeast. 

The eggs obtained as a result of the sieving process made from 

the laying jar with an interval of 3 days were transferred to 

the nutrient medium containing cracked wheat and yeast. The 

culture was incubated at 27±2 °C, 50±10% humidity and dark 

conditions, and adults 2-4 weeks old were used in the 

experiments.    

Application of insecticidal activity tests; The extracts were 

prepared with acetone as a 10% plant extract/acetone (weight 

volume) mixture. This mixture was applied to the insect with 

a micro applicator at a dose of 1 µl/insect for each insect. In 

the control group, 1 µl of pure acetone was applied to each 

insect. In all treatments, 10 adult beetles were used in all 

replicates. The treated adult insects were transferred to 60 mm 

plastic petri dishes and incubated at 27±2 °C.  After 24 hours, 

the data obtained were recorded. Analysis of variance was 

performed with the results obtained. Differences between 

treatments were determined by Tukey multiple comparison 

test.         

2.3 GC/MS analysis  

The analysis of the essential oil components was determined 

by Thermo Scientific brand Trace 1310 model GC-MS (gas 

chromatography-mass spectrometry) device. A DB-5MS 

capillary column (30 m x 0.25 mm inner diameter and 0.25 

µm) was used on the device. 100 µl of EO sample was 

prepared by dissolving in 1.5 ml of chloroform. The carrier 

gas was helium at a flow rate of 1 ml/min and injections were 

in split mode (50:1). The mass-spectrometer interface 

temperature was set at 280 ºC. The temperature of the ion 

source was 250 ºC, electron energy 70 eV. Initial temperature 

for column oven temperature started at 60°C and held there 

for 2 minutes, increased to 200°C at a rate of 8°C/min and 

held for 3 minutes and increased to 250°C at a rate of 

8°C/min. and hold for 3 minutes. The total run time was 32 

minutes. The percentages of the essential oil components 

were calculated using peak areas without any correction 

factors. Identification and accuracy of compounds were 

confirmed using current Wiley, NIST and MS libraries. 

2.4 Enzyme activity tests  

Acetylcholine esterase (AChE) enzyme activity 

measurements of the extracts were made in vitro under 

laboratory conditions by making some changes in the Ellman 

method (Ellman et al. 1961). Accordingly, the reaction 

mixture consists of 0.1 M Tris-HCl (pH 8.0), 0.5 mM 

acetylcholine iodate, 0.5 mM EDTA, 0.025 mM DTNB and 

0.05% sodium citrate solution. AChE enzyme activity was 

evaluated by measuring the absorbance of the yellow 5-thio-

2-nitrobenzoate anion at 412 nm with the enzyme solution 

added to the medium. 

The tyrosinase inhibitory activity properties of the extracts 

and essential oil were determined by the dopachrome method 

used by Sarıkurkcu et al. (Sarıkurkcu et al. 2018). 

Accordingly, 25 mL of each extractant was taken from the 

stock extract solutions prepared in DMSO at a ratio of 1:1 and 

40 mL of tyrosinase solution and 100 mL of sodium 

phosphate buffer (pH 6.8) were added and mixed. The 

mixture was incubated at 25°C for 15 minutes. After adding 

40 mL of L-DOPA, the mixture was incubated again at 25°C 

for 10 minutes. Absorbance was measured at 492 nm. The 

inhibitory effect of the scutellarin compound, which was used 

as a positive control, on the tyrosinase enzyme was 

determined. For this, 1 mg of the scutellarin compound was 

weighed and dissolved in 1mL of DMSO, then diluted ten 

times with distilled water. Enzyme activity was tested at five 

different scutellarin concentrations. 

The inhibition activity measurements of the extract and 

essential oil against the Xanthine oxidase (XO) enzyme were 

determined by performing minor modifications to the 

methods mentioned in the literature (Bustanji et al. 2010; 

Mohammed et al. 2010; Sweeney et al. 2001; Chiang et al. 

1994). For each experiment, the solution and substrate 

containing the enzyme were freshly prepared just before the 

experimental studies. The solution mixture contains 80 mM 

sodium pyrophosphate buffer (pH = 8.5), 0.120 mM xanthine 

and 0.1 unit of XO enzyme and the reaction takes place in this 

mixture. Absorbance was measured for the formation of uric 

acid at 295 nm at 25°C. Thus, the initial rate of the reaction 

was calculated. Each extract was first dissolved in buffer 

solution and added to the reaction mixture to determine the 

inhibitory effect at a concentration of 200 µg/ml. 

3 Results  

Five essential oils (CB-EO), untreated aqueous extract (CB-

F), ethylacetate (CB-EA), n-butanol (CB-nBu), and processed 

aqueous extract (CB-L) from the aerial parts of C. botrys plant 

extract was obtained. Insecticidal activities of these extracts 

were determined by contact toxicity tests against Sitophilus 

granarius and Tribolium castaneum storage pests. It was 

determined that only CB-EA extract caused 19.31% death to 
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adult insects of Sitophilus granarius (F= 37.23; df = 5,12; 

P<0.05). The other extracts, especially the essential oil, did 

not show any effect for the two insects. At the same time, 

acetylcholinesterase, xanthine oxidase (XO) and tyrosinase 

enzymes of the same extracts were examined in the 

concentration range of 0-1 mg/mL. As a result of the enzyme 

activity test, it was determined that only the CB-F coded 

extract had an activation effect on the tyrosinase enzyme. 

Content analysis of essential oil was done with GC-MS 

device. GC-MS chromatogram of CB-EO extract is given in 

Figure 1 and analysis result is given in Table 1. A total of 58 

component analyzes were determined according to the GC-

MS analysis result. α-Eudesmol compound was analyzed as 

the main component. The results were evaluated by 

comparing with the results of the Wiley and NIST library. 

 

 
Fig. 1  GC-MS chromotogram of CB-EO 

 

Table 1 Chemical compositions of C. botrys essential oils (CB-EO). 

RT Compounds Name % Area 

4.16 4-Hydroxy-4-methyl-2-pentanone 0.22 

5.08 Bornylene 0.28 

5.53 α-pinene 0.43 

5.74 α-Fenchene 1.10 

6.13 Sabinene 0.22 

6.37 α-Myrcene 7.52 

6.69 3-Carene 0.47 

6.98 Limonene 2.92 

7.42 γ-Terpinene 0.23 

7.92 Fenchone 2.41 

8.01 Linalool 0.77 

8.30 Fenchyl alcohol 0.44 

8.45 Trans-2-pinanol 2.61 

8.66 Cis-sabinene hydrate 1.02 

8.85 9-hydroxy-linalool 0.49 

9.09 Borneol 0.20 

9.24 4-Terpineol 0.74 

9.50 cis-Piperitol 0.24 

9.66 trans-Piperitol 0.48 

10.77 α-Fenchyl acetate 0.18 

10.91 p-Menth-1-en-9-ol 0.22 

12.12 (-)-α-Elemene 0.33 

12.23 β-Eudesmol acetate 5.78 

12.50 α-Gurjunene 0.28 

12.64 Caryophyllene 1.36 

13.07 α-Humulene 0.29 

13.17 δ-Cadinene 0.29 

13.31 Eremophilene 0.90 

13.40 Germacrene-D 0.56 

13.48 α-Selinene 0.37 

13.59 α-Muurolene 2.58 

13.79 α-Amorphene 1.76 

13.88 Germacrene B 3.17 

14.05 Spathulenol 0.31 

14.20 Elemen 5.70 

14.58 Alloaromadendrene oxide 1.13 

14.67 Caryophyllene oxide 0.51 

14.77 Veridiflorol 0.65 

14.90 Globulol 1.30 

14.99 Cubenol 0.28 

15.14 Spathulenol 0.81 

15.26 α-Guaiene 0.27 

15.40 α-Eudesmol 13.2 

15.55 Veridiflorol 8.43 

15.66 Elemol 8.91 

15.85 Isoaromadendrene epoxide 0.33 

15.97 Juniper camphor 1.01 

16.15 γ-himachalene 1.49 

16.59 Aromadendrene oxide 0.72 

16.76 (Z)-valerenyl acetate 3.38 

16.91 γ-Gurjunene 2.75 

17.00 Farnesene 0.23 

17.22 Isospathulenol 2.06 

17.65 trans-Longipinocarveol 3.03 

17.94 α-copaene-11-ol 0.23 

18.40 Hexadecanoic acid 0.30 

19.85 Phytol 0.39 

23.85 Hexadecanoic acid, methyl ester 0.54 

 

 

The effects of the extracts on the enzyme activities are shown 

in Table 2.  While CB-L and CB-nBu extracts showed an 

inhibitory effect on AChE enzyme activity, the same extracts 

activated the activity of XO and tyrosinase enzymes.  

 
Table 2 Effects of extracts on Acetylcholine esterase (AChE), 

Xanthine oxidase (XO), and Tyrosinase enzymes activities. 

Extracts AChE 

(IC50) 

XO 

 (AC50) 

Tyrosinase 

(AC50) 

CB-L 460 µg/mL 604 µg/mL 250 µg/mL 

CB-nBu 376 µg/mL 493 µg/mL 423 µg/mL 

CB-F - 641 µg/mL - 

CB-EA - - - 

CB-EO - - - 

 

The contact toxicity effects of essential oil and extracts 

obtained from C. botry plant on S. granarius and T. castneum 

insects after 24 hours are given in Table 3. It was determined 

that CB-EA extract had a mortality rate of approximately 20% 

against S. granarius, while it had a mortality rate of 

approximately 4.5% against T. castneum. However, the other 

extracts and essential oil showed no effect. 
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Table 3 Contact effect of different extracts of C. botrys against S. 

granarius and T. castneum after 24 hours. 

Extracts % Mortality±StDev 

 S. granarius T. castaneum 

Control  0.00±0.00b1 0.00±0.00b 

CB-EO 0.00±0.00b 0.00±0.00b 

CB-F 0.00±0.00b 0.00±0.00b 

CB-EA  19.31±1.66a 4.53±3.41a 

CB-nBu 0.00±0.00b 0.00±0.00b 

CB-L 0.00±0.00b 0.00±0.00b 

1Different letters in the same column indicate that the means 

are statistically significantly different. (Anova P<0,05, Tukey 

test). 

 

4 Discussion  

In studies on the essential oil analysis of the C. botry plant, 

the essential oil differs in terms of amount and composition. 

Bicyclic sesquiterpenoids were found in C. botrys 

(Kokanova-Nedialkova et al. 2009). The smell that gives the 

plant its unique smell is due to monoterpenes and 

sesquiterpenes (Kletter et al. 2001). As a result of C. botrys of 

GC-MS analysis; monoterpenes (camphor, δ-3-caren, 

fenchone, linalool, menthone, nerol, β-pinene, pulegone, 

terpineol-4, and thujone) and sesquiterpenes (β-elemene, 

elemol, and β-eudesmol) compounds, as well as mucus 

anserine of anserine compound. It has been found to be 

responsible for its aromatic, herbaceous, earthy, dull, heavy 

and pine-like odor (Buchbauer et al. 1995). The first essential 

oil analysis of the C. botry plant mentions the ascaridiol 

compound and is a bicyclic monoterpene species with a very 

unusual bridging peroxide functional group. It was 

determined that this plant species, also known as crow's feet 

in our country, contains the compound 2-(4a.8-dimethyl-

1.2.3.4.4a.5.6.7-octahydro-naphthalen-2-yl)-prop-2-en-1-ol 

(Karabörklü et al. 2011). In their study conducted in Özer et 

al (2017) determined the essential oil content of the C. botry 

plant they collected from the provinces of Isparta, Konya and 

Afyon. unlike us, they determined ledol, elemol, germacrene 

D-4-ol and eudesm-7(11)-en-4-ol compounds as the main 

components. In addition, this group examined the effects of 

essential oils on acetylcholinesterase (AChE), 

butyrylcholinesterase (BChE), and tyrosinase enzymes and 

found a little activity against tyrosinase enzyme (Özer et al. 

2017). These results are important in that they show 

similarities with our study results. In another study, the effect 

of essential oil obtained from the same plant species on three 

different storage pests of T. castaneum beetle was 

investigated by a fumigant effect experiment. They found a 

high inhibitory effect there (Kumar and Pandey 2021). 

 

Tyrosinase, xanthine oxidase, and acetylcholinesterase are 

enzymes that play an important role in normal insect 

development. For this reason, it may be possible to control the 

damages that will be caused by inhibiting or activating 

enzymes, as disrupting the working potential will directly 

affect the life of the insect. Although CB-L and CB-nBu 

extracts are very strong, they appear to have moderate enzyme 

activities. With further studies, compounds that cause 

changes in enzyme activities can be determined. The low 

activity values may be due to the low amount of effective 

compounds. 

5 Conclusion  

This study is about the insecticide and enzyme activity 

properties of C. botrys, which is used for its pleasant aromatic 

odor and medicinal properties. Scientific studies support the 

medical potential of C. botrys in developing new drugs. 

Different isomers of ascaridole of different origins have been 

identified in C. botrys oil. The absence of ascaridol compound 

in this plant species proves that it has negative effects on both 

insecticide and enzyme activity. In conclusion, research into 

the enzyme and insecticidal properties of C. botrys plant 

extracts is important because of its potential uses in 

biotechnology, sustainable agriculture, pest management, and 

the creation of new natural products. 
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Abstract: Harmful rays coming from the sun cause negative effects on the human body. Sunscreens and UV protective products are used 

to reduce and prevent these negative effects. Plants have been used in medicine and cosmetics for centuries, and have the potential to treat 

skin diseases. Consumers tend to use sunscreens that contain natural ingredients instead of synthetic sunscreens. In this study, the in vitro 

solar protection factor (SPF) values of water extracts from flowers and leaves of Hibiscus rosa-sinensis were investigated. The SPF 

values of the water extracts and commercially available cream mixtures were also examined. The SPF values of the extracts were 

measured at the wavelengths of 290-320 nm of UV-B ultraviolet rays reaching the earth from the sun. SPF values of H. rosa-sinensis 

flower and leaf extracts were determined as 11.77 and 22.10. The leaf extract has the highest SPF value (21.70) in 10 mL concentration 

among the prepared extract and cream mixtures. Therefore, H. rosa-sinensis extracts with high SPF values may have the potential to be 

used as natural additives in the cosmetic industries. 

Keywords: Camellia; sun protection factor (SPF); extracts; cream. 
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1 Introduction  

Nowadays, there is a significant increase in skin cancer 

caused by the harmful effects of the sun and environmental 

factors (Dorj et al. 2018). With the thinning of the ozone 

layer, harmful sun rays come directly to the earth and cause 

harm to people. Therefore, an increase in the incidence of 

skin cancer is observed (McMichael 1993; McKenzie et al. 

2003). It is necessary to use sunscreens to prevent 

abnormalities that occur on the skin surface in varying forms 

and structures. Sunscreens are substances that can be applied 

to the skin in different ways, interfering with the sun's rays 

and reducing their harmful effects (Osterwalder and Lim 

2007). 

All rays of different wavelengths emitted from the sun are 

called the "electromagnetic spectrum of the sun" 

(Petrazzuoli 2000). UV radiation forms a specific part of the 

electromagnetic spectrum that has a shorter wavelength and 

higher energy than visible light. There are 3 types of UV of 

sunlight falling on the earth's surface; UVC (200-290 nm), 

UVB (290-320 nm), and UVA (320-400 nm). UV rays 

constitute 5% of the rays reaching the earth. UVA 

wavelength is in the range of 320-400 nm and it constitutes 

about 90% of UV rays. UVA rays can damage human cells 

by penetrating up to 100 µm deep to the skin surface. It 

causes sagging and wrinkles by causing loss of elasticity in 

human skin. Thus, it causes premature aging of the skin. 

UVA rays cause enzyme inactivation, protein denaturation, 

cell organelles and cell membrane damage (Azevedo et al. 

1999). UVB is one of the ultraviolet rays reaching the 

surface of earth, although the majority of it is filtered by the 

atmosphere, with a wavelength of 290-320 nm. UVB rays 

are the type of rays that have the most effect on the 

formation of melanin pigment in the skin and sunburns 

(Azevedo et al. 1999). UVC is UV rays with the highest 

energy and lowest wavelength (200-290 nm) (Dutra et al. 

2004). 

Plants have historically been an important source of a wide 

variety of secondary metabolites used as pharmaceuticals, 

food additives, colours, agrochemicals, etc.(Al-Snafi 2015). 

Hibiscus rosa-sinensis, known as the Camellia, is a hairless 

shrub commonly grown in the tropics (Nadkarni 1996). 

Camellia has been used in traditional medicine to regulate 

menstruation and stimulate blood circulation. The flower has 

been used in diabetes, leprosy, regulating the menstrual 

cycle, liver ailments, stomachaches, cough suppressant, eye 

problems, miscarriage problems, and as an aphrodisiac. The 

leaves are used in the treatment of headache, dysentery, 

diarrhea, arthritis, boils and cough (Chopra and Rashid 

1969; Jadhav et al. 2009; Pekamwar et al. 2013; Nath and 

Yaday 2015). Phytochemical analysis showed that H. rosa-

sinensis leaf extract is rich in protein, free amino acids, 

carbohydrates, steroids and essential oils as well as phenolic 

compounds (Divya et al. 2013). The main cause of 

antioxidant effects in herbal products is phenolic 

compounds, which filter UV rays (Del Valle et al. 2020). 

mailto:meltemozusaglam@gmail.com
https://orcid.org/0000-0003-4010-8465
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https://orcid.org/0000-0002-4689-5802
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In the field of cosmetics, products with natural ingredients 

developed using plants are at the forefront. In our study, the 

sun protection factor (SPF) of water extracts from H. rosa-

sinensis and commercial cream and the extract mixtures 

were investigated in vitro and their potential to be used as 

natural sunscreen additives in the cosmetic industry was 

determined. 

2 Materials and Method  

2.1 Plant Material 

H. rosa-sinensis flower and leaf samples were collected 

from Alata Horticultural Research Institute (Mersin-Turkey) 

(Figure 1A.). 

2.2 Preparation of Extracts 

H. rosa-sinensis flower and leaf samples were dried in an 

airy environment and ground with a Waring-blender. For 

extraction, 10 g of powdered fruit sample was extracted in a 

hot water bath with 30 mL of water for 6 hours each day for 

2 days (Figure 1B). After extraction, the solvents were 

evaporated. The extracts were then stored at 4°C in dry 

conditions until use (Figure 1C). 

 

Fig. 1 H. rosa-sinensis (A) and Preparation of the Extracts 

(B-C) 

2.3 Determination of SPF 

H. rosa-sinensis flower and leaf water extracts (2 µg/µL) 

were weighed and mixed in ethanol (96%) with a vortex 

device until homogeneous. Then, the mixture was read in a 

spectrophotometer (Beckman Coulter) in the wavelength 

range of 290-320 nm with 3 repetitions at 5 nm intervals. 

The obtained values were calculated using the Mansur 

equation (1) (Mansur et al. 1986). 

 

 

 

Equation 1 

SPF = CF х ∑ 𝐸𝐸(𝜆)х 𝐼(𝜆)х 𝐴𝑏𝑠 (𝜆)
320

290
 

2.4 Determination of SPF of Extract and Cream 

Mixtures  

In addition to determining the SPF values of the extracts, the 

SPF values of the extract and cream mixture were also 

examined. For this purpose, the modified method was used 

according to Asan-Ozusaglam and Celik (2023). 

Commercial cream and H. rosa-sinensis flower or leaf 

extracts were mixed and the mixture was made up to final 

volume (10 mL) with distilled water. The prepared mixtures 

were diluted with ethanol (40%) to the final volume of 2.5 

mL, 5 mL and 10 mL concentrations and measured in 3 

replications at 5 nm intervals using a spectrophotometer 

(Beckman Coulter) in the wavelength range of 290 nm-320 

nm. SPF values of cream and extract mixtures were 

calculated using the Mansur equation (1) as mentioned 

above. 

2.3 Statistical Analysis 

The SPF data of H. rosa-sinensis flower and leaf extracts 

and cream mixtures were analyzed using GNU SPSS version 

software. Statistical significance was confirmed by one-way 

analysis of variance (ANOVA) with Tukey's post-hoc test. 

The difference between the data was considered statistically 

significant at the p<0.05 level. 

3 Results and Discussion 

SPF values of H. rosa-sinensis flower and leaf extracts were 

determined in vitro spectrophotometrically. The SPF value 

of the leaf water extract (22.10) was found to be higher than 

the SPF value of the flower extract (11.77) (Table 1 and 2). 

Table 1 SPF Values of Camellia Flower Water Extract  

SPF Values  

λ (nm) CFx 

EE(λ)xI(λ)x 

Ab (λ)1 

CFx 

EE(λ)xI(λ)x 

Ab (λ)2 

CFx 

EE(λ)xI(λ)x 

Ab (λ)3 

290 0.28 0.23 0.24 

295 1.18 1.08 1.23 

300 3.71 3.51 3.70 

305 3.74 3.53 3.82 

310 2.01 1.90 2.02 

315 0.88 0.83 0.88 

320 0.18 0.17 0.19 

Total SPF 

Mean±SD 

11.98 

11.77±0.46 

11.25  12.08 
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Table 2 SPF Values of Camellia Leaf Water Extract  

SPF Values  

λ (nm) CFx 

EE(λ)xI(λ)x 

Ab (λ)1 

CFx 

EE(λ)xI(λ)x 

Ab (λ)2 

CFx 

EE(λ)xI(λ)x 

Ab (λ)3 

290 0.34 0.36 0.35 

295 1.83 1.85 1.83 

300 6.36 6.43 6.46 

305 7.11 7.17 7.21 

310 4.05 4.09 4.11 

315 1.85 1.86 1.86 

320 0.40 0.40 0.40 

Total SPF 

Mean±SD 

21.94 

22.10±0.15 

22.16  22.22 

 

 

After determining the SPF values of the extracts alone, they 

were mixed with commercial cream and then the SPF values 

of the cream-mixture were evaluated. The results are given 

in Figure 2. The SPF value of the commercial cream as a 

control was also determined. Cream mixtures with H. rosa-

sinensis flower and leaf water extracts showed higher SPF 

values at 10 mL concentration (20.67 and 21.70) compared 

to the control group (1.26).  

Lokapure et al. (2014) determined the SPF value of the 

extracts from H. rosa-sinensis flower with 90% ethanol and 

the SPF value of the extract gel mixtures. They determined 

the SPF value of H. rosa-sinensis flower extract as 

3.88±0.01 and the SPF value of flower extract-gel mixtures 

as 12.54±0.05. In another study using the extract of H. rosa-

sinensis flower obtained with 90% ethanol, the UV 

absorption value of the extract was determined in the range 

of 200 nm – 400 nm. The results indicated that it has very 

high absorption (1.26) at 200 nm, high absorption at 280 nm 

(0.3), and moderate absorption (0.2-0.1) ability above 300 

nm (Sidram et al. 2011). Dwivedi (2022) determined the 

SPF value of 40 μg/mL – 50 μg/mL – 60 μg/mL 

concentrations of H. rosa-sinensis flower extract obtained 

with 80% ethanol. The SPF values were found as 0.565, 

0.691, 0.974, respectively. The differences between the 

results obtained in the current study and those of the 

literature may be due to many factors such as the solvent 

used in the extraction, the extraction method or the growing 

conditions of plant (Osorio-Tobón 2020). 

 

Fig. 2 SPF Values of H. rosa-sinensis Flower and Leaf Extracts and Cream Mixture  

Different letters indicate significant difference at p<0.05 between samples. 

5 Conclusion  

Recent studies have shown that most synthetic sunscreens 

have adverse effects on the skin. Using the sun protection 

properties of plant extracts, cost-effective and readily 

available natural preservatives can be obtained. In the 

current study, UV absorption capacities and sun protection 

properties of water extracts obtained from H. rosa-sinensis 

flowers and leaves were determined. H. rosa-sinensis 

water extracts with high SPF values may have the potential  

 

to be used as natural sunscreen additives in the cosmetic 

industry. Therefore, the Camellia water extracts may be 

safer and cheaper alternative sources for the cosmetic 

industry after further in vivo studies. 
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Abstract: Iron-plant interactions have crucial roles in crop production growth and development. In this study, we have analyzed the whole 
proteome of tomato (Solanum lycopersicum L.) plants for iron-binding proteins. A total of 213 iron-binding protein candidates were 
identified in the study. Out of these 213 proteins, 45 were selected for modeling and validated with a high confidence level by using different 
computational analyses. Results showed that Glu, Cys, Asp, and His amino acid residues were indicators of iron-binding proteins. Besides, 
mechanistic insights of iron-binding proteins were analyzed by molecular dynamics simulations. Simulation results proved the 
conformational stabilization of proteins. Validated proteins were further analyzed for subcellular localization, clustered for molecular 
functions and biological processes. According to the results, iron-binding proteins were mostly located in the chloroplast. Also, these 
proteins are involved in different molecular and biological roles ranging from oxidation-reduction processes and electron transport chain to 
protein repair mechanisms. This report provides structural and functional properties of iron-binding proteins for tomato proteome. The 
study may assist in future research on plant physiology, protein engineering, or bioengineering. 
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1 Introduction  

Metal ions have a vital role in biological reactions, including 
photosynthesis, respiration, and water oxidation in living 
organisms (Lu et al. 2013). The importance of metal ions in 
these processes comes forward due to their ability to bind 
proteins. (Garcia et al. 2006). Among metals, iron (Fe) (an 
essential micronutrient for plants) has roles in several 
processes like photosynthesis, respiration, or DNA synthesis 
on plant growth and development (Briat et al. 1995). Different 
oxidation states of Fe exist in nature, like reduced ferrous 
(Fe+2) or oxidized ferric (Fe+3) (Pehkonen, 1995). Iron-
binding proteins are essential cofactors for the plant cells 
(Andreini et al. 2017). Iron-binding proteins are a component 
of chloroplast proteins like Rieske proteins, which have a 
crucial role in photosynthesis (Allen, 2004; Briat et al. 2007). 
Furthermore, iron-binding proteins take charge of DNA 
metabolism or protein translation metabolic pathways 
(Braymer and Lill 2017). 

Metalloproteins (proteins that contain metal ions) are 
important protein classes with their catalytic, regulatory, or 
structural roles via metal atoms (Shi and Chance, 2008). In 
the last decades, several analysis techniques have been used 
to investigate metalloproteins based on mass spectrometry 

like inductively coupled plasma-mass spectrometry (ICP-
MS) (Pröfrock and Prange 2012), nuclear analytical 
techniques like high-resolution spatial speciation analysis by 
synchrotron radiation X-ray fluorescence (SR-XRF) (Pushie 
et al. 2014), or affinity techniques like immobilized metal 
affinity chromatography (IMAC) (Chang et al. 2017). 
However, these analytical techniques have limitations due to 
time-consuming processes for sample preparation and data 
acquisition. Additionally, these techniques are expensive for 
instrumentation and chemical supply. Given all these 
disadvantages, using new approaches such as computational 
biology has become inevitable to focus on these significant 
proteins. 

Nowadays, developments based on bioinformatics make it 
feasible to analyze big data of the whole genome or proteome. 
Iron-binding proteins can be identified, modeled, or 
functionally analyzed using bioinformatics tools for plant 
proteomes. Iron-binding sites of proteins can be analyzed by 
using protein sequences or structures with online tools like 
MetalPredator (Valasatava et al. 2016), MetSite (Sodhi et al. 
2004), MetalloPred (Naik et al. 2011), or IonCom (Hu et al. 
2016). Besides, there are various bioinformatic tools available 
like MetalS2 (Andreini et al. 2013), MetalS3 (Valasatava et al. 

https://orcid.org/0000-0002-9856-5506
https://orcid.org/0000-0003-0815-8470
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Fig. 1 Schematic demonstration of the analysis workflow for identifying and classifying iron-binding proteins from the tomato 
proteome 

2014), MIonSite (Qiao and Xie 2019), MetalDetector V2.0 
(Passerini et al. 2011), CheckMyMetal (CMM) (Zheng et al. 
2017). The interaction of binding sites of metalloproteins with 
transition metals like iron, zinc, copper, manganese, and 
cadmium makes them possible to identify by using sequence 
or structural information of proteins via bioinformatic tools. 
In addition, the MetalPredator tool is a specified tool for 
finding iron-binding proteins using Hidden Markov Model 
profiles (HMM) and structural motif bindings of iron 
(Valasatava et al. 2016). Xanthomonas translucens pv. 
Undulosa proteome was analyzed for iron-binding proteins, 
and ~9.8% of the proteome had iron-binding protein motifs 
using in silico approaches. These proteins had different 
functions like transport or carbohydrate metabolism (Sharma 
et al. 2017). In another research, iron-binding proteins of 
wheat proteome were analyzed, and results showed that iron-
binding proteins were involved in 21% of biological 
processes and 39% of molecular functions (Verma et al. 
2017). 

Tomato (Solanum lycopersicum L.) is included in the 
Solanaceae family, which contains most of the economic 
crops like potato or pepper. With over 10000 cultivars, tomato 
is cultivated in a 5 million ha area, and its production was 
estimated at 180 million tons worldwide in 2019 (FAO, 
2020). Due to the importance of tomato crop production, 
understanding the interactions between iron metal ions and 
tomato proteome can benefit crop growth and development.  

 

The literature review showed no research on iron-binding 
proteins on the whole tomato (S. lycopersicum) proteome. 
This study aimed at identifying, classifying, and 3D modeling 
the iron-binding proteins on tomato proteome using in silico 
analyses. A summarized scheme of the workflow is illustrated 
in Fig. 1. The results highlight the understanding of the 
functions of iron-binding proteins in tomato, which could be 
beneficial for new challenges for tomato crop growth and 
development. Also, these results can offer different 
approaches to iron-related nutrient management for crop 
production. 

2 Materials and Method  

2.1 Dataset acquisition of tomato (S. lycopersicum) 

proteome 

Tomato (S. lycopersicum) proteome has 34672 proteins based 
on UniProt database as reference proteome (Proteome ID: 
UP000004994). The protein sequence dataset of the whole 
tomato proteome was downloaded in FASTA format from the 
UniProt database 
(https://www.uniprot.org/proteomes/UP000004994). 

2.2 Identification of iron-binding proteins  

The whole proteome sequence dataset of tomato was analyzed 
using an online MetalPredator program to identify iron-
binding proteins (Valasatava et al. 2016). MetalPredator 
identifies proteins using Pfam domains and iron-binding 
motifs called Minimal Functional sites (MFSs) with e-value 
lower than 10-3.  
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2.3 Modeling structures of iron-binding proteins 

Three-dimensional (3D) structures of identified iron-binding 
proteins were modeled using online Protein 
Homology/Analogy Recognition Engine V2.0 (Phyre2) 
software. Phyre2 is a sequence-based modeling program for 
protein 3D structures that uses advanced remote homology 
(Kelley et al. 2015). Modeled 3D structures were selected 
according to the criteria: confidence ≥ 90%, query ≥ 50%, and 
identification ≥ 30%. Filtered structures quality was verified 
by the ProSA-web program using structure templates 
(Wiederstein and Sippl, 2007). ProSA-web program verifies 
models by z-scores depending on Cα potentials of protein 
structure coordinates.  

2.4 Determination of iron-binding sites on verified protein 

models  

Verified 3D models of iron-binding proteins were analyzed 
using Metal Ion-Binding site prediction and docking server 
(MIB) to identify Fe2+ and Fe3+ binding structure models (Lin 
et al. 2016). MIB analyses were based on the fragment 
transformation method using structure models, and the tool 
aligns the structure to metal ion binding residues. The results 
were analyzed depending on the alignment scores of iron-
binding motifs. 

CheckMyMetal (CMM) program was used for both validation 
and coordination geometries of iron-binding sites on protein 
structures (Zheng et al. 2017). The CMM program can 
evaluate structures for geometrical and other irregularities in 
iron-binding sites with different parameters such as bond 
valences or metal-binding sites. Three-dimensional protein 
structures were visualized using Mol* 3D viewer (Sehnal et 
al. 2021). 

2.5 Molecular dynamics simulations of iron-binding 

proteins 

Iron-binding structure models of iron-binding proteins were 
analyzed via MDweb server for molecular dynamics (MD) 
simulations (Hospital et al. 2012). MDweb server can perform 
MD simulations using different algorithms like AMBER, 
GROMACS, or NAMD. In our study, AMBER Full MD 
setup -ff99SB* (Hornak & Simmerling, including Best 
&Hummer psi modification)- toolkit was used for setup, 
solvation, and equilibration. In this toolkit, sodium ions have 
been used for neutralization, and octahedron box of TIP3P 
water molecules with a spacing distance of 15 Å was used for 
solvation. The energy minimization of the structure was 
completed in 500 steps of the conjugate gradient with a force 
constant of 50Kcal/mol. The equilibration step was started 
with heating solvent to 300k, then continued with reducing 
the force constant respectively 5.0 Kcal/mol, 2.5 Kcal/mol, 1 
Kcal/mol, and finally completed by simulation without 
restrains. Simple box solvent molecular dynamics simulations 
were performed via a constant Number of particles, Pressure, 
and Temperature (NPT) with 2.0 fs time steps, 2.5 ps total 
time, 300k temperature, and 50 output frequency steps. For 
the results, the root mean square deviation (RMSD) was 
determined for protein backbone residues and ligands. 

 

2.6 Subcellular localization, molecular functions, and 

biological process analysis of iron-binding proteins 

Cellular and subcellular localization of iron-binding proteins 
were analyzed by using weighted gene ontology term-based 
subcellular localization prediction (WegoLog) (Chi and Nam, 
2012) and subcellular localization predictor (CELLO V2.5) 
web tools (Yu et al. 2006). Both web tools are used for 
analyzing sequence similarity and gene ontology information 
to predict the subcellular localization of proteins based on a 
support vector machine (SVM) classifier. But tools have been 
using different datasets to analyze localization, such as 
BaCello dataset for WegoLoc and Park and Kneisha dataset 
for Cello.  

Functional analysis of identified and verified iron-binding 
proteins was performed using online InterPro software, which 
classifies proteins into families and predicts domains and 
important sites (Blum et al. 2021). The program uses 
predictive models known as signatures and classifies proteins 
for subcellular localization, biological processes, and 
molecular functions. 

2.7 Classification and clustering of iron-binding proteins  

The identified 55 iron-binding proteins were classified for 
functional domains using the Conserved Domain Database 
(CDD) tool on the National Centre for Biological Institute 
database (Marchler-Bauer et al. 2010). CDD search tool 
classification analysis was performed for the criteria: CDD–
58235 position-specific scoring matrix (PSSM) database with 
an expectation value (e-value) of 0.01. 

Iron-binding protein sequences were clustered using the 
maximum parsimony method with 2000 bootstrap 
replications of the Subtree-Pruning-Regrafting (SPR) 
algorithm in the MEGA X program (Kumar et al. 2018). The 
phylogenetic tree was visualized using the EvolView v3 web 
tool (Subramanian et al. 2019). 

3 Results  

3.1 Identification and structure modeling of iron-binding 

proteins on tomato proteome 

The tomato proteome dataset, which includes 34672 protein 
sequences, was retrieved from the UniProt database. The 
proteome dataset was analyzed to determine iron-binding 
proteins via MFSs using the MetalPredator program. 
Approximately 0.6% of whole tomato proteome, 
corresponding to 213 proteins, were identified as iron-binding 
proteins depending on Pfam patterns on minimal functional 
sites of proteins. Potential 213 iron-binding proteins have 
been 3D modeled using protein sequences on Phyre2 
software. The 3D protein structure modeling results showed 
413 candidate models for 87 protein sequences. The candidate 
protein models were filtered according to the criteria: 
confidence ≥ 90%, query ≥ 50%, and identification ≥ 30%. 
Filtered models were selected for structure quality analysis. 
Finally, filtered structure model quality was verified by the 
ProSA-web program depending on the z-scores of structure 
models (Supplementary Table S1). Results have shown that 
the ProSA-web program verified 55 protein structures. 
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3.2 Determination of iron-binding sites on verified protein 

models  

The selected 55 iron-binding protein models were analyzed 
using the MIB program to identify both Fe2+ and Fe3+ binding 
motifs on 3D protein structures. Iron had two convertible 
oxidation states, Fe2+ and Fe3+, involved in different 
biochemical pathways. MIB program analyses were based on 
protein structures and used to predict iron-binding residues. 
The results showed that 50 of 55 identified proteins were 
modeled and could bind both Fe2+ and Fe3+ (Supplementary 
Table S2). Glutamic acid (Glu), Cysteine (Cys), Aspartic acid 
(Asp), and Histidine (His) amino acids residues were 
involved in the iron bindings of proteins, and the distribution 
of iron-binding amino acid residues was shown in Fig. 2. 
According to the results, Fe2+ binding residues were 
determined as 37 Cys, 21 Glu, 19 Asp, 19 His, 5 Asn, and 4 
Ala, while Fe3+ binding residues were 33 Cys, 32 Glu, 16 Asp, 
11 His, 4 Gln, and 2 Ala amino acids. The binding residues of 
each iron-binding protein were addressed in Supplementary 
Table S2  

Validation and coordination geometry analyses of iron-
binding protein structures were performed by using 
CheckMyMetal (CMM) web tool. Results showed that 45 of 
50 iron-binding proteins were verified at a high confidence 
level, 42 Fe2+ binding sites and 41 Fe3+ binding sites were 
determined with various geometries on iron-binding proteins. 
Coordination geometries of many iron-binding protein 
structures were classified as freely bound. These structures 
did not show any coordination geometry with iron ions 
because the poor coordination caused deviation from the ideal 
geometry. Besides, different coordination geometries like 
square planar, trigonal planar, trigonal bipyramidal, or 
tetrahedral by CMM analysis were observed. Fe2+ binding 
protein geometries indicated 20 poorly coordinated, 12 free 
coordination, 8 square planar coordination, and 2 tetrahedral 
coordination. Also, Fe3+ binding protein geometries revealed 
17 free coordination, 16 poorly coordinated, 3 square planar 
coordination, 2 tetrahedral and trigonal bipyramidal 
coordination, and 1 trigonal planar coordination 
(Supplementary Table S3). Selected 3D structure images of 
iron-binding proteins were illustrated in Fig. 3.  

 
Fig. 2 Distribution of iron-binding amino acid residues 

 
Fig. 3 Visualization of iron-binding proteins in three dimensional structures and coordination geometries; 
A)sp|Q2MIA0|PSAA_SOLLC protein Fe2+ square planar coordination geometry, B)sp|Q2MI49|PSAC_SOLLC protein Fe3+ 
square planar coordination geometry, C)tr|A0A3Q7JLM2|A0A3Q7JLM2_SOLLC protein Fe3+ trigonal planar coordination 
geometry, D)tr|A0A3Q7ERR3|A0A3Q7ERR3_SOLLC protein Fe3+ trigonal bipyramidal coordination geometry, 
E)tr|A0A3Q7I5P3|A0A3Q7I5P3_SOLLC protein Fe2+ tetrahedral coordination geometry, 
F)tr|A0A3Q7EI02|A0A3Q7EI02_SOLLC protein Fe3+ tetrahedral coordination geometry 



 
Bull Biotechnol (2023) 4(1):17-29 

 

21 
 

 
Fig. 4 RMSD results of iron-binding proteins A)sp|Q2MIA0|PSAA_SOLLC Fe2+, B)sp|Q2MI49|PSAC_SOLLC Fe3+, 
C)tr|A0A3Q7JLM2|A0A3Q7JLM2_SOLLC Fe3+, D)tr|A0A3Q7ERR3|A0A3Q7ERR3_SOLLC Fe3+, 
E)tr|A0A3Q7I5P3|A0A3Q7I5P3_SOLLC Fe2+, F)tr|A0A3Q7EI02|A0A3Q7EI02_SOLLC Fe3+ 

3.3 Molecular dynamics simulations of iron-binding 

proteins 

After the iron-binding site verification at 45 iron-binding 
proteins, docked structures for both Fe2+ and Fe3+ via MIB 
have been selected for MD simulations. MD simulations were 
performed to investigate the mechanistic insight of iron-
binding proteins. Structural changes of proteins were 
determined using RMSD analysis for 25 snapshots. Results 
showed that the time evolution of average RMSD values on 
all proteins varied between 1,626 Å - 2,994 Å for Fe2+ and 
1,626 Å - 2,140 Å for Fe3+ (Supplementary Table S4). The 
time-course changes of RMSD distribution plots for selected 
proteins compared to protein backbones were shown in Fig. 
4. According to the MD simulation results, iron-protein 
binding structures achieved stable conformations in the 
simulations.  

3.4 Subcellular localization, molecular functions, and 

biological process analysis of iron-binding proteins 

The remaining 45 proteins with high confidence levels were 
analyzed to determine subcellular localization, molecular 
function, and biological process. Subcellular localization 
analyses were completed using WegoLoc and CELLO v2.5 
web tools. Cellular components, molecular functions, and 

biological processes were analyzed using the InterPro web 
tool. Subcellular localization of iron-binding proteins 
analyzed via WegoLoc showed that proteins were localized 
in the chloroplast (33%), cytoplasm (31%), mitochondrion 
(29%), and nucleus (7%) (Fig. 5a). CELLO v2.5 analysis 
results showed that subcellular localizations of the iron-
binding proteins were chloroplastic (33%), nuclear (24%), 
mitochondrial (20%), cytoplasmic (9%) extracellular (7%), 
and plasma membranal (7%) (Fig. 5b). Total 16 protein was 
found as consistent localizations for both WegoLoc and 
CELLO v2.5 programs (Supplementary Table S5).  

Molecular and functional analyses of iron-binding proteins 
were performed using InterPro web tool. Results showed that 
analyzed iron-binding proteins were involved in 51 biological 
processes, 128 molecular functions, and 15 cellular 
components. iron-binding proteins were checked for their 
implication in biological processes showing that a large part 
was related to oxidation-reduction processes and electron 
transport chain (14%), and tricarboxylic acid cycle (8%). 
Other functions (6%) were determined as protein repair, 
oxidative stress, rRNA processing, rRNA methylation, tRNA 
methylation, and photosynthesis. Also, a small part of the 
proteins belonged to another 11 processes with different rates 
like DNA repair (4%) or tRNA modification (2%) (Fig. 6).  
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Fig. 5 Subcellular localization of iron-binding proteins; A) WegoLoc analysis, B) CELLO v2.5 analysis 

Molecular functions of iron-binding proteins were mostly 
classified as 20% iron-sulfur cluster binding, 13% electron 
transfer activity, and 11% for 2 iron-2 sulfur (2Fe-2S) cluster 
binding. The other molecular functions were 9% catalytic 
activity, 7% oxidoreductase activity, and 6% iron 4 sulfur 
cluster binding (Fig. 7).  

In addition, the analyzed iron-binding proteins were joined 
into cellular components. Most of the proteins were part of 
membranes (20%). Other proteins were determined as 
components at photosystems I, thylakoid, integral 
components of membranes, and nucleus (13%). A small part 
of the proteins were components of the thylakoid membrane, 
chloroplast, mitochondrion, and molybdopterin synthase 
complex (7%) (Fig. 8). 

3.5 Classification and clustering of iron-binding proteins  

Selected high confidence level 45 iron-binding proteins were 
classified for functional domains using the CDD search tool. 

These functionally classified proteins were clustered using 
the maximum parsimony method with 2000 bootstrap on the 
MEGA X program. iron-binding proteins were classified into 
28 superfamily categories, which were assembled into 15 
categories depending on their biological or molecular 
functions. These categories were oxidation-reduction, protein 
repair, posttranslational modifications, gene regulation, 
metal-ion binding, DNA binding, rRNA processing, ATP 
metabolism, translation, tRNA modification, DNA repair, 
electron transfer, photosynthesis mechanisms, and reductase 
and transferase activities (Fig. 9). 

The roles of iron-binding proteins were demonstrated through 
ferredoxin in electron transfer, succinate dehydrogenase in 
oxidation-reduction processes, Rieske in photosynthesis, and 
thioredoxin in gene regulation (Supplementary Table 1). All 
the identified iron-binding proteins were associated with 
important roles in different metabolic pathways of tomato 
plants. 

 
Fig. 6 Biological processes involving iron-binding proteins 
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Fig. 7 Molecular functions involving iron-binding proteins 
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Fig. 8 Cellular components involving iron-binding proteins 

Fig. 9 Functional classification of clustered iron-binding proteins 
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4 Discussion  

Tomato is an economic crop with many cultivars worldwide. 
Iron is one of the essential micronutrients, and it has a crucial 
role in plant growth and development. In this study, iron-
binding proteins of tomato proteome have been identified, 
classified, and analyzed for biological functions. In the first 
step of the study, the MetalPredator program was used to find 
iron-binding proteins on tomato proteome sequences. 
MetalPredator is a customized program for iron-binding 
proteins and uses the HMM model profiles for Pfam domains 
and structural motifs defined as MFSs via MetalPDB 
(Andreini et al. 2012; Valasatava et al. 2016; Putignano et al. 
2018). MetalPredator has been used for various bacterial 
proteomes like Paenibacillus polymyxa for iron-binding 
biosynthesis (Li et al. 2021) or Spironucleus salmonicida for 
stress response genes (Stairs et al. 2019). Also, wheat 
proteome has been analyzed for iron-binding proteins using 
the MetalloPred tool, and approximately 1.1% of wheat 
proteome has been determined as iron-binding proteins 
(Verma et al. 2017). Our results showed that 0.6% of tomato 
proteome contained iron-binding proteins. There is no report 
in the literature addressing iron-binding proteins in tomato 
plants, especially the determination of iron-binding proteins 
using MetalPredator. This study demonstrates, for the first 
time, a complete analysis of all iron-binding proteins of the 
tomato proteome. 
Metal ions bind to proteins as ligands by donating an electron 
pair. The side chains of cysteine (Johnson et al. 2005), 
histidine (Ciofi-Baffoni et al. 2018), glutamic acid (Chaud et 
al. 2002), and aspartic acid (Caetano-Silva et al. 2015) 
residues interact with both Fe2+ and Fe3+ ions. Iron-binding 
residues interaction sites are analyzed by setting an iron-ion 
binding template of at least 3.5 Å between the metal ion and 
two residues (Lin et al. 2016). In this study, MIB analysis 
showed Fe2+ and Fe3+ ion interactions on 50 iron-binding 
proteins. Both Fe2+ and Fe3+ ion binding were related to the 
canonical metal-binding sites. These sites are located at the 
interface of two domains connected by a single long α-helix 
(Vigouroux et al. 2020). Analyzed proteins had an interaction 
with mostly cysteine (Cys), aspartic acid (Asp), histidine 
(His), and glutamic acid (Glu) residues. Besides, a fewer 
number of the analyzed proteins interacted with glutamine 
(Gln), tyrosine (Try), asparagine (Asn), alanine (Ala), 
methionine (Met), valine (Val), and lysine (Lys) residues. 
Respectively, free γ- and δ- carboxyl groups of aspartic and 
glutamic acid residues could bind iron ions (Storcksdieck et 
al. 2007). Iron ions could bind with histidine residues due to 
the imidazole side chain (Nemirovskiy and Gross, 1996). 
Cysteine residues could bind iron ions due to sulfur groups 
(Giles et al. 2003). Additionally, 89% of coordinating atoms 
bind to side chains of Asp, His, Glu, and Cys residues (called 
canonical amino acids) on iron-ion binding sites (Sánchez-
Aparicio et al. 2021). Another study reported that the major 
iron-ion binding protein residues of sea cucumber as His, Glu, 
Cys, and Asp amino acids (Sun et al. 2017). According to the 
literature, our results are coherent with previous reports for 
metal-ion binding sites on proteins. 
Iron has two interconvertible oxidation states: Fe2+ and Fe3+. 
Consequently, Fe ions can be implicated in vital oxidation-
reduction reactions in biological systems. Those reactions are 

a part of significant processes like respiration, photosynthesis, 
or DNA synthesis. Depending on the oxidation states of iron, 
it can be in different coordination environments (Sánchez et 
al. 2017). In our study, most iron-binding proteins showed 
free or poor coordination. Iron ions were primarily 
coordinated by O or N atoms in the first coordination sphere, 
but if lone pair of electrons occupies more space than a 
bonding pair, deviation from ideal geometry may occur 
(Gillespie, 1992). Reports showing that various protein 
complexes without the ideal designated geometries are 
consistent with our results (McLaughlin et al. 2012). Our 
coordination geometries analysis for Fe2+ binding proteins 
displayed 18% as square planar and 4% as tetrahedral 
geometries. On the other hand, Fe3+ binding proteins showed 
6% square planar and 4% for trigonal bipyramidal and 
tetrahedral coordination geometries. In both cases, square 
planar geometry was supported by negatively charged amino 
acids like Glu or His to prevent higher coordination numbers 
(Pascualini et al. 2015). The square planar geometry can also 
arise from the arrangement of four binding pyridine units on 
the bis-porphyrin heme protein model (Chen et al. 1999). 
Square planar geometry corresponds to a high-field and low-
spin electronic arrangement like in pheophytin, an electron 
carrier of chlorophyll (Bechaieb et al. 2018). Tetrahedral 
coordination geometry on iron-binding complexes has been 
proceeded by inorganic sulfides or protein-based ligands like 
cysteine residues (Pandelia et al. 2015). Also, tetrahedral 
coordination in iron-binding proteins is regulated by 
coordinating four cysteine sulfur atoms like in Rubredoxin 
(Todorovic and Teixeira, 2018). Trigonal bipyramidal 
coordination geometry can be promoted by coordinating N 
and three O atoms like on YtgA protein (Luo et al. 2019). 
Various coordination geometries resulted from differences in 
electronegativity between iron and amino acid residues. 
MD simulations were performed to understand the 
mechanistic insight of iron-binding proteins via structural 
conformations. Iron ions were docked into targeted residues 
iron-binding proteins using the MIB tool. MD simulations 
showed that protein structures have stable conformations 
according to the average RMSD values (between 1,626 Å - 
2,994 Å for Fe2+ and 1,626 Å - 2,140 Å for Fe3+). Evaluating 
the accuracy of the dynamic binding process is complicated 
due to multiple iron coordinating geometries (Hu and Shelver, 
2003). In this study, Q2MI49|PSAC_SOLLC protein showed 
square planar geometry for Fe3+ via Cys11, Cys14, Cys34, 
and Ala36. The RMSD values for these residues were 
respectively changing (0.06 Å, 0.04 Å, 0.03 Å, 0.07 Å) when 
compared with the protein backbone. Furthermore, 
A0A3Q7EI02_SOLLC protein showed tetrahedral 
coordination geometry via Cys46, Cys49, Cys92, and Cys95, 
with RMSD values of 0,01 Å, 0,22 Å, 0,03 Å, 0,01 Å when 
compared with the protein backbone (Data not shown). 
Although lower RMSD values have proved conformational 
stabilization of analyzed iron-binding proteins, differently 
charged areas generated by the side chains of amino acid 
residues could be the reason for the issue (Bernacchioni et al. 
2016). 
Both subcellular localization analysis results in WegoLoc and 
Cello v2.5 showed that iron-binding proteins were mostly 
localized in the chloroplast. Total 16 protein were detected in 
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similar localization. These are 9 proteins for chloroplast, 4 
proteins for mitochondrion, 2 proteins for nucleus and 1 
protein for cytoplasm (Supplementary Table S5). However, 
there were differences between these analyses in other 
localizations because WegoLoc and Cello use different 
datasets. WegoLoc tool is based on the BaCello dataset for 
plants with 491 proteins (Pierleoni et al. 2006). Meanwhile, 
the Cello v2.5 tool is based on Park and Kneisha dataset with 
7589 eukaryotic proteins (Yu et al. 2006). Regarding datasets, 
results from the Cello v2.5 tool could be considered more 
accurate than WegoLoc for plants. 
This study classified 45 high confidence level iron-binding 
proteins from different protein families according to 
subcellular localization, molecular functions, and biological 
processes. These proteins have essential roles in electron 
transfer, catalytic activity, metal ion binding, protein repair, 
and oxidation reduction processes. Iron-binding proteins 
plays important roles as both carrier proteins and 
metalloproteins in plant metabolism including from 
photosynthesis to protein repair. Carrier iron-binding proteins 
take charge for moving ions and molecules across the 
membranes. Also, metalloproteins are contains metal ions as 
cofactors. In this study, determined iron-binding proteins 
commonly act as carrier proteins for electron transfer and 
oxidation reduction processes. On the other hand, other iron-
binding proteins act as metalloproteins for metal-ion binding 
or Fe-S clusters. The biological and molecular functions of 
these high confidence level iron-binding proteins were 
presented (Fig. 9, Supplementary Table 1), and the 
descriptions were derived from InterPro (Blum et al. 2021) 
and NCBI-CDD (Marchler-Bauer et al. 2010) databases. 
Functional domains of the identified proteins were analyzed 
by detecting homologs using the CDD search tool and protein 
super families clustered via the sequences using the maximum 
parsimony method. This method is a character-based 
phylogenetic tree construction method (Kannan and Wheeler, 
2012) and offers better performance than the maximum 
likelihood method due to the high heterogeneity of sequence 
datasets (Kolaczkowski and Thornton, 2004).  

5 Conclusion  

In this study, using computational methods, iron-binding 
proteins of tomato proteome were identified via structural 
formations at high confidence level. A total of 42 iron-binding 
proteins were identified via 3D structures, metal ion binding 
geometries, and structural conformations (MD analysis) on 
tomato proteome. Different tools were used to analyze the 
identified iron-binding proteins subcellular localization, 
molecular function, and biological process roles. Two 
different subcellular localization tools proved that iron-
binding proteins are primarily localized in the chloroplast. 
These proteins are commonly involved in oxidation-reduction 
biological processes. Molecular functions of iron-binding 
come forward on iron-sulfur cluster binding and electron 
transfer activity. Finally, iron-binding proteins were 
classified as superfamilies and clustered for homologous 
proteins. Clustered proteins revealed the importance of iron-
binding proteins on electron transfer and oxidation-reduction 
processes. Results showed that iron-binding proteins play 
important roles in the growth and development of tomato 

plants through biochemical and physiological functions. 
These results provide a base for iron-binding proteome 
analyses using computational plant sciences methods. 
Considering these proteomic analyses will be more critical in 
the future for research areas like protein engineering or 
bioengineering.  
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Abstract: Health problems which can be treated exclusively by surgical means are relatively uncommon in fish. Fish surgery feat is vital 

essential and inevitable for the at fish diseases treatment and fish recovery. Consequently, only a limited number of procedures have been 

developed and reported in the literature. Despite use of analogous surgical instruments and surgical techniques to those employed in other 

animals, fish are a very diverse taxon and specific anatomy and physiology should be reviewed before surgical procedures are performed. 

Surgical planning often requires advanced diagnostics such as ultrasonography and imaging. Essantial surgical procedures include 

cutaneous and intracoelomic mass excision, ophthalmic procedures, reproductive surgery, brain surgery, visceral organs surgery, 

gastrointestinal foreign body removal, visceral organs examples, and buoyancy concerns. This article reviews several surgical procedures 

that have been performed in fish and highlight various aspects of surgical care which relate specifically to fishes. In this review article, 

administration of sedation and anesthesia, anaesthetic agents, pain in fish, obtrusive fish cases surgery, fish cases surgery operations 

examples, frequently used anesthetics and preoperative considerations, underwater surgery, out of water surgery, specific surgery 

procedures, microsurgery techniques, laparoscopy, catheter implantation and laparotomy were discussed for fish researchers. Suggestions 

for appropriate postoperative management are also discussed. 
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1 Introduction  

General considerations: although the notion of fish surgery is 

often greeted with skepticism, fish can make excellent 

subjects for surgery. Fish surgeries take place in both research 

and clinical settings. The decision to proceed to surgery in 

clinical cases can be motivated by the rarity of the species 

involved, the economic value of the patient, or the owner's 

emotional attachment to the fish. In the authors' experience 

with fish-owning clients, fish are certainly not exempt from 

the human-animal bond. An excellent description of fish 

surgery for veterinarians has been published previously and 

an extensive basic review of fish anesthesia and surgical 

techniques has been written for fish researchers lacking prior 

surgical experience (Craig and Gregory 2000). Surgery of fish 

is an exciting and pioneering field for veterinary practitioners 

(Loh and Chia 2016). 

After anesthesia is administered, specific surgical procedures 

can be performed on fish, including laceration and fin tear 

repairs, biopsies, celiotomy, liver biopsy, renal biopsy, 

laparoscopy, mass removals, resection of prolapsed 

intestines, fracture repair, and abdominal surgery to remove 

impactions and tumors (Murray 2002). 

General surgical knowledge and experience will facilitate 

successful fish surgery, as will familiarity with normal fish 

anatomy. Frequently, these are surgeries for external skin or 

fin tumor excisions and abdominal exploratory surgeries to 

remove masses or biopsy organs. Other surgical procedures 

have been performed for repair of lacerations from traumatic 

injuries, resection of prolapsed cloacal tissues, and orthopedic 

procedures on fish with spinal fractures (Saint-Erne 2015). 

Specific surgical procedures have been performed on fish, 

including laceration and fin repairs, biopsies, celiotomy, 

laparoscopy, mass removals, resection of prolapsed 

intestines, fracture repair, and abdominal surgery to remove 

impactions and tumors (Murray 2002). Very important 

incisive surgical operations such as tumor removal (Reid and 

Backma 1988), gallbladder catheterization in 

pharmacokinetic studies (Sohlberg et al. 1997), prosthetic eye 

operation (Mentalfloss 2016), monitoring of heart rate during 

operations (Saint-Erne 2015) have taken place in the 

literature. 
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This review article aims to draw attention to fish surgery for 

success when surgical intervention is needed, to explain 

successful fish surgeries, and to encourage the development 

of a fish operating room in the laboratory to protect the 

survival rights of fish (natural or cultured fish), which is one 

of the valuable parts of nature, and to increase their survival. 

2 Underwater Surgery and Out of Water Surgery 

Main advantage of the underwater surgery type is that it caters 

to the water needs of patient fish. However wound 

contamination and osmotic tissue damage, the rippling 

surface caused by movement in the water and the presence of 

escaped blood usually obscures the field of view (Wildgoose, 

2000). Most surgery on fish is performed out of the water by 

surgeons. Only brief procedures lasting less than four minutes 

are manageable without anesthetic delivery system to provide 

a low maintenance dose of anesthetic and fresh oxygenated 

water. The lack of reflexes that can be fish may necessitate 

the use of either an electrocardiograph or a doppler pulse 

ultrasound probe, particularly during prolonged anaesthesia. 

Body moist by periodic irrigation of the skin to avoid 

desiccation of the delicate tissues (Wildgoose 2000). 

3 Anesthesia 

Anesthesia is an essential tool in the detailed live fish 

examination. For surgical operation, fish must be tranquilized 

and anesthetized. Tranquilization is enough for different 

manipulations such as immobilization, prolonged transport, 

and facial lesions treatment. Although more complex surgical 

operations require general anesthesia (Yıldırım et al. 2009). 

Commonly utilized chemicals for anesthesia and 

tranquilization are as follows. MS-222 (3-Aminobenzoic 

Acid Ethyl Ester), Benzocaine (Ethyl p-Aminobenzoate), 

Quinaldine Sulfate (2-Methylquinoline Sulfate), Carbon 

Dioxide (CO2), Tricaine Methane Sulfonate, Diazepam 

(Valium), Ethanol (Ethyl Alcohol), Ether (Dimethyl Ether), 

Eugenol/Isoeugenol (Clove Oil), Isoflurane (1- Chloro- 2, 2, 

2- Trifluoroethyldifluoromethyl Ether), Ketamine 

Hydrochloride, Propofol (2, 6- Diisopropylphenol) (Bowser 

2001; Neiffer and Stamper 2009; Saint-Erne 2010; Loh 

2012).  

According to the principle of modern anesthesiology, 

anesthetic drugs are not used alone. While reaching the 

desired level of an anesthesia, the use of anesthetic alone is 

quite risky. Muscle relaxants such as diazepam, tubocurarine 

chloride, pancuronium bromide, atropine, xylazine are used 

to decrease the emergency of anesthesia in fish. This prevents 

excitation or delirium, rigidity, and respiratory depression 

(Mattson and Riple 1989). 

4 Preoperative Surgical Preparation 

The goals of doctor the patient’s surgical and anesthetic 

perioperative mortality and to return him to desirable 

functioning. It is imperative to realize that "perioperative" 

risk is multifactorial, the invasiveness of the surgical 

procedure, and the type of anesthetic administered (Zambouri 

2007). Stop fish feeding for a certain period time before the 

time of surgery. Clean possibly the area to be operated on. 

Before the surgical operation, the anamnesis of sick fish 

should be taken and the case scenario should be investigated 

in detail. Surgical preparation should not destruction of 

mucus just because these are majority safety fences to 

complications, potential risks, contamination and infection.  

Infections are prevented by using a protective dose of 

antibiotics before the operation. It is recommended to 

continue antibiotic administration for 1 to 4 weeks at the end 

of the operation (ceftazidime 30 mg/kg) (ScottWeber et al. 

2009; Filik 2020). 

5 Surgery Instruments  

Essential surgery instruments for fish surgery are ophthalmic 

or microsurgery instruments due to size. In addition many 

surgeries can be performed with a scalpel, magnifying lens, 

iris scissors, Metzenbaum scissors, mosquito hemostats, 

hemostatic forceps and other surgical accessories (Saint-Erne 

2015). Commonly used in laboratory, the ocular or 

microsurgical pack is warranted for fishes (Harms et al. 

1995). Head loupe magnification with center mounted 

illumination helps visualize structures that are small in 

coelomic cavity. Gelpi or Weitlander retractors for large fish 

and self-retaining ocular retractors for small fish visceral 

organs (Craig 2005). Start the incision cranial to vent and 

continue forward to pectoral fin bones, as needed. Scales 

along incision may be cut through or removed with forceps 

before making an incision. Use gentle blunt dissection with 

the hemostats, Metzenbaum scissors, or gloved fingers to 

isolate the desired tissues. Ligate blood vessels as needed with 

2-0 or smaller absorbable suture material such as Vicryl or 

Maxon. Stainless steel Hemoclips may also be used for 

ligation. Bipolar cautery units are useful for small vessel 

hemostasis (Saint-Erne 2015). 

6 Fish Surgery: Postoperative Care and Common 

Procedures  

Surgical operations in fish are also applied in cases of 

vaccine, organ biopsy, removal of problematic organs and 

tumors, removal of other pathological and nonpathological 

tissue, blood collection, drug injection, implant placement, 

marking, sperm and egg retrieval (Yıldırım et al. 2009). 

During the surgical operation, and all the environment, 

surgical instruments while performing the surgical operation 

must be sterile. 

Surgical arae is cleaned with a 1:10 diluted solution of 1% 

povidone-iodine in 0.9% physiological saline. Small dabs of 

petroleum jelly will help it adhere to the skin (Saint-Erne 

2015).  

Scale injuries can also be repaired if the sloughed scale still 

contains adequate attached epidermis, and is immediate. 

Clean skin via iodine solution. Remove sutures in a few days, 

or when the tissue has reattached. Skin and fin wounds can be 

sutured using fine monofilament nylon sutures. To repair 

lancinated and injured fin membranes, gently scrape the 

opposing edges scar tissue, and then tightly oppose the fin 

edges with a continuous suture pattern. Incorporate fin rays in 

each side to keep suture from tearing through the fin 

membrane and topical disinfectant solution apply (Saint-Erne 

2015). 
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Surgeries are practical for clinical and researches in fish. 

Certain surgery adjustments are necessary to accommodate 

piscine tissue handling, skin sensitivity, aqueous respiration, 

anatomic variations, and patient size. Surgerys successfully 

carried out include celiotomy aciurgy, enucleation, 

pseudobranchectomy aciurgy, swim bladder surgery, 

gonadectomy aciurgy, vascular catheterization, visceral 

organs biopsy techniques, and telemetry device implantation, 

(Craig and Gregory 2000). 

Successful abdominal surgeries have been performed to 

remove both testicular and ovarian gonadal tumors. These 

appear as large irregular, fibrous masses in the caudal 

abdomen. Abdomen to appear quite distended. Following 

may removal, survey abdominal organs and contralateral 

gonad to assess any damage. In some cases, fish's gas bladder 

will become traumatized and distended, creating an 

appearance similar to an abdominal tumor. An ultrasound, 

radiograph, and endoscopy (Weber et al. 2009) examination 

will distinguish between an enlarged gas bladder.  The 

damaged compartment of the gas bladder was isolated. The 

cranial compartment when removed is ligated at the isthmus. 

Fish will stabilize its buoyancy with the remaining portion of 

the gas bladder (Saint-Erne 2015). 

A 25 cm Cyclosoma labiatum was presented because of a 

large growth present on the caudoventral aspect of the dorsal 

fin. The tumor was approximately eight cm3, hyperemic 

around its periphery, and well-embedded in the fin. 

Anesthesia was performed using tricaine methanesulphonate 

(TMS). Ventral recumbency with the surgical site maintained 

out of the water. The mass was removed using standard tumor 

excision techniques. Thermal cautery was used to seal the 

excision site and prevent electrolyte loss. The fish recovered 

uneventfully in a separate oxygenated tank and was then 

transferred to a convalescent tank containing 0.5% NaCl 

solution for one week (Reid and Backman 1988).  

During the surgery procedure, an electrocardiogram (ECG) 

reading is taken to monitor the heart rate and rhythm. Three 

ECG lead clips can each be attached to the metal part of 22-

gauge hypodermic needles. These needles then are placed 

through the skin and right pectoral fin (RA lead), left pectoral 

fin (LA lead), and cranial to the vent opening (LL lead). The 

P-QRS-T waves produced are of low amplitude (1 mV QRS 

complex). Heart rates are temperature dependent. Typical 

heart rates are 40 beats per minute but can range from 15 to 

100 beats per minute. Increase freshwater flow across to 

lessen anesthesia and cause pulse to increase if it slows too 

much (Saint-Erne 2015). 

After surgery, place fish in aerated non-anesthetized water of 

the same temperature in recovery with dusky lighting, in a 

quiet area (Saint-Erne 2015). Adhesion (Filik 2019) of 

biofilm (Bülbül and Filik 2019; Filik 2020) to different 

material surfaces is a serious problem. For this reason, 

postoperative follow-up biofilm prevent for the implant 

material placed during implant surgery. 

Post-surgical butorphanol can be administered to control pain 

at 0.1–0.4 mg/kg IM. Tube feed fish food made into gruel in 

a blender if fish is not eating by after surgery. Surgical success 

depends on adequate surgical correction of the serious 

problem, bacterial prevention, bacterial virulence distruption 

(Nurcan, 2010), good hemostasis, and proper incision closure 

(Saint-Erne 2015). 

7 Surgical Technique 

Primarily and as immutable rule the surgeon should keep all 

the skin moist throughout the surgical procedure, taking care 

to avoid irrigating the incision site with anesthesia water. 

Presoaking the opencell foam V-tray. Due to there is no linea 

alba, so necessitating a carefully controlled entry into the 

coelomic cavity to intestinal damage. The body wall is poorly 

pliable, unless the coelomic cavity is distended. Adequate 

retraction with self-retaining retractors helps the surgeon 

maintain coelomic visualization despite the rigid body wall. 

Organs are not freely mobile, so surgeons must perform 

manipulations within the coelomic cavity rather than 

exteriorizing the organs (Craig 2005).  

Suture materials are use successful at healing time and tissue 

reactivity (Gilliland 1994), it seems that monofilament 

sutures such as polydioxanone or polyglyconate are 

preferable to multifilament sutures such as silk, chromic gut, 

polyglactin 910, probably partly because of the ability of 

multifilament from the surrounding water (Sohlberg et al. 

1997).  

Needles with a cutting tip facilitate skin penetration. The use 

of continuous Ford interlocking patterns, simple continuous, 

simple interrupted, simple incision and horizontal mattress 

for skin closure has had success and satisfactory results. 

Continuous patterns have the advantages of reducing drag, 

minimizing knot surface area available for epibiont 

colonization, and reducing surgery time, but may be more 

prone to loosening if adequate tension is not maintained 

through the entire line and if knots at either end are not secure. 

Single or two-layer closure is usable depending on the 

thickness of the body wall; skin and fins is the strength layer 

of the closure. The subcutaneous layer is minimal, with 

dermis tightly adhered to the underlying muscle, thus there is 

barely any dead space and any necrotic focus to eliminate. 

Ideally, one should remove skin sutures when the incision is 

recovered, usually in a few weeks in uncomplicated cases. 

The removal of sutures eliminates a possibility of 

inflammation and can speed the final stages of incision 

recovering.  

Use of cyanoacrylate tissue adhesive for incision closure, 

either in combination with sutures or alone, may be 

problematic in fish. However, they also show some 

inconvenient characteristics, such as less resistance to toxicity 

and tension in some sick fish. Also at surgery, cyanoacrylate 

can causes severe dermatitis in fish (Stoskopf 1993), and 

when used alone is associated with a higher incidence of 

incision dehiscence (Petering and Johnson 1991). Irritancied 

goblet cells rapidly produce mucus and elevate the tissue glue 

layer away from the skin. When tissue adhesives are used in 

addition to sutures, the sutures retain the cyanoacrylate with 

mucus trapped beneath, and the loose glue creates extra drag 

on the sutures. In spite of tissue adhesive is sometimes 

advocated to seal the suture line and make it watertight, an 

appropriately sutured incision suffices to prevent water 

incursion, and re-epithelialization is rapid in fish. Researchers 
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and fish surgeons have used surgical staples successfully in 

fish after operation; these could theoretically reduce skin 

closure time compared with suturing (Summerfelt and Smith 

1990). Many fish surgeons reported surgical staples 

influentially at skin closure. 

In neurological studies involving ablation of specific nervous 

system targets 2% agar gel in physiological saline (Weltzien 

et al. 2003; Merriam-Webster 2022) or vaseline-paraffin oil 

capped with anchored vinyl polysiloxane impression material 

(Zottoli et al. 2021) have been in use to seal and fill the tissue 

void in fish (Craig 2005).  

Wound closure and anchoring of bio-loggers. Two separate 

thin nonabsorbable (5–0) suturations were used to anchor 

loggers (red arrow). The logger was abdominal cavity by 

tapering end pointing towards the pericardial layer. Both 

suture needles were loggers and then tied knot logger. Using 

two anchor sutures give flexibility to place loggers close to 

the pericardial body cavity and traumatonesis is determined. 

In Test 1, same thin 5–0 non-absorbable sutures were also 

used for wound closure (black arrow). In Tests 2 & 3 surgical 

wound was closed using relatively thick 3–0 non-absorbable 

sutures whereas same thin 5–0 suture as above used for 

anchoring the loggers. Fish gills were irrigated with seawater 

containing MS222 at a dose of 20 mg.l-1 during the surgery 

(Yousaf et al. 2022).  

8 Selected Research and Incisive Cases of Fish Surgery in 

Fish Surgıical Procedures 

An opercular approach. Researchers have developed a unique 

surgical model for diabetes mellitus in fish, in which the 

pancreatic endocrine cells are contained solely in an easily 

excised single mesentery-bound organ adjacent to the hepatic 

portal vein, separate from the exocrine pancreatic tissue 

scattered diffusely throughout the mesenteries (Kelley 1993). 

Fish reproductive organs are elongated and require a 

correspondingly long incision for surgical removal. The 

primary blood supply lies at the cranial pole of the gonad, and 

caution is also necessary at the caudal pole to avoid damage 

to the excretory systems (Cloud 2003). Endoscopic 

techniques have approved useful and success for biopsy of 

entrail organs (Murray et al. 1998). Catheterization of the 

dorsal aorta is a well-known procedure for repeated blood 

sampling without complications (Lo et al. 2003). The 

apparatus for catheterizing the dorsal aorta all involve 

placement of a catheter into the dorsal aorta at the confluence 

of branchial vessels in the roof of the mouth. Connecting 

tubing then exits dorsally through the nasal bone, with 

anchors placed strategically intraorally and externally along 

the dorsum of the fish to prevent the catheter from dislodging 

if the extension tubing becomes entangled (Sohlberg et al., 

1997) and intracoelomic catheterization for delivery of drugs 

in pharmacokinetics studies (Craig 2005). 

The goldfish was threatened by a dangerous case of 

constipation, and the only way to save its life was by surgery 

to remove the impaction. Anesthetized the fish and carefully 

removed a lump from its rectum, and another from its dorsal 

fin. The constipation surgery on the three-inch fish took 50 

minutes and was completely successful. A rockfish was being 

bullied by other fish because it has only one eye. The 

researcher thought a prosthetic eye might trick the other fish 

into thinking the rockfish had both eyes. The researcher 

stitched a bright yellow fake eye onto the rockfish under 

aseptic conditions and hence has been realized a prosthetıc 

eye surgery. A goldfish was born without a lower jaw. This 

meant he couldn’t keep his mouth constantly open like a 

normal goldfish, and he struggled to breathe and eat. 

Fashioned a tiny plastic splint for a prosthetıc jaw surgery and 

stitched the sterile splint to the bottom of the fish mouth 

(Mentalfloss 2016). 

9 Analgesia 

Analgesia is the absence of sensation of pain without loss of 

consciousness, loss of pain. Depending on the procedure, 

post-operative analgesia may be necessary. A selection of 

medicines includes: Meloxicam at 0.1-0.2 mg/kg IM, 

Flunixin 0.25–0.5 mg/kg IM, Carprofen 2-4 mg/kg IM, 

Morphine 0.1-0.3 mg/kg IM, Methadone 0.1–0.3 mg/kg IM, 

Butorphanol 0.1-0.4 mg/kg IM (Loh and Chia 2016). 

10 Recovery 

To regain consciousness, drug-free water is passed over the 

gills until spontaneous ventilation returns. Fish may then be 

returned to clean water to recover unassisted until they are 

free swimming (Loh and Chia 2016). 

11 Fish Autopsy 

An autopsy is the most essantial piece at Fish medicine. An 

autopsy (postmortem examination, obduction, necropsy, or 

autopsia) is a surgical procedure that consists of a thorough 

examination of a died fish by dissection to determine the 

cause, mode, and manner of death or to evaluate any disease 

or injury. Autopsies are unremarkably conducted by a 

specialized doctor (Khoroshailo and Gvozdeva 2022; Filik 

and Filik 2022). 

12 Euthanasia 

Euthanasia is ending a fish's life by giving a painless or 

minimally painful lethal injection, administering a high dose 

of medication, or disconnecting the person from life support 

because their life is perceived as unbearable (Ferreira et al. 

2022). 

13 Discussion and Conclusion   

The dolphin named "Winter" with a prosthetic tail at the 

Clearwater Aquarium in Florida, USA, became the world's 

first bionic sea creature. Winter's tail was severed when she 

was two months old when she got caught in a Crab trap. 

Winter, with a 75-centimeter tail made of silicone and plastic, 

can swim easily. Winter, a bottlenose dolphin that lives in the 

Atlantic Ocean, was near death when she was rescued from 

the trap in 2006. "I felt so sorry for Winter. It took me a year 

and a half to build the tail. We worked hard to get Winter to 

move her tail in all directions," said Kevin Carroll, the world's 

leading prosthodontist, who has also implanted artificial 

organs in dogs and an ostrich (Carroll 2008; Brooks 2018). 

Fish surgery is advancing day by day. This recent successful 

operation is an example of this. 
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In that study, the researcher added an undetermined 

concentration of the antibiotic kanamycin to the water for an 

undetermined time period; the author did not address survival 

and wound healing, but a enough number of fish survived a 

few weeks after surgery for the aims of the study. Products 

such as Orabase gel (Garcia et al. 2022) or extracellular 

matrix protein may be suitable for sealing and promoting 

healing of surgical defects in fish when such defects are not 

amenable to suturing (Craig 2005). 

Post-surgery can also serious a series of problems. For this 

reason, it is vital to follow up on the sick fish after the surgery. 

All sensitivity during the operation should be maintained after 

the operation. As the number of sick fishes increases, so too 

will the indications for surgical intervention. In general, the 

most difficult aspect of fish surgery is the provision of safe 

and adequate anesthesia. In this sense, several different 

anesthetic regimens are provided. Once one is familiar with 

the normal anatomy of the piscine patient, the basic concepts 

of surgery prevail, including appropriate surgical approach, 

hemostasis, and gentle tissue manipulation. Common specific 

surgical procedures in fish include integumentary mass 

excision, intracoelomic mass removals, reproductive system 

procedures, gastrointestinal foreign body removal, ocular 

procedures, celiotomy, liver biopsy, renal biopsy, and 

laparoscopy and radio-transmitter implantation. With the 

right medicines and equipment, surgery on fish is within the 

scope of traditional veterinary practice. Finally, the successful 

outcome of surgical manipulation often rests in the 

postoperative management of the surgical patient fish. 
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Abstract: MicroRNAs are non-protein-coding RNA molecules that control and fine-tune gene expression at the post-transcriptional level 

by negatively regulating their target genes. MicroRNAs mature into 22-nucleotide-long RNA transcripts that negatively regulate gene 
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therapeutics is that they can target numerous components of signaling circuits involved in cell differentiation, proliferation, and survival. 
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1 Introduction  

Previously, most of the human genome was considered "junk 

DNA" and transcription at these sites was considered 

transcriptional noise or waste. On the contrary, scientific 

developments over the last two decades have shown that 

"junk DNA" encodes active RNA transcripts that are not 

converted into proteins but are functional (Esquela-Kerscher 

and Slack 2006; Mattick 2003; Zaratiegui et al. 2007). The 

discovery of these non-coding RNAs has allowed scientists to 

better understand complex molecular mechanisms. In 1993, 

Lee et al., by a chance, identified the lin-4 transcript, a small 

non-coding RNA that repress lin-14 protein synthesis (Lee et 

al. 1993). These short non-coding RNAs were later annotated 

as microRNAs in the early 2000s (Lee et al. 2004). These 

findings are the first to demonstrate the existence of 

functional non-coding transcripts. Later, rapid progress in the 

analysis of the human transcriptome with the development of 

advanced technological methods enabled the identification of 

numerous non-coding RNA transcripts involved in the control 

of key regulatory pathways. 

Although many methods have been proposed for classifying 

non-coding RNAs, they are most often categorized based on 

their size (Nagano and Fraser 2011). Depending on their size, 

non-coding RNAs are classified into two main categories as 

long non-coding RNAs (lncRNAs) and short or small non-

coding RNAs (sncRNAs) (Dozmorov et al. 2013; Nagano and 

Fraser 2011). Small non-coding RNAs are less than 200 

nucleotides long and they include microRNAs (miRNAs), 5S 

and 5.8S ribosomal RNAs (rRNAs), piwi-interacting RNAs 

(piRNAs), short interfering RNAs (siRNAs), small nucleolar 

RNAs (snoRNAs), and small nuclear RNAs (snRNAs) 

(Dozmorov et al. 2013; Nagano and Fraser 2011). Also, long 

non-coding RNAs are longer than 200 nucleotides and they 

comprise natural antisense transcripts (NATs), long 

intergenic non-coding RNAs (lincRNAs), transcribed ultra-

conserved regions (T-UCRs), competing endogenous RNAs 

(ceRNAs) and ribosomal RNAs (rRNAs) (Dozmorov et al. 

2013; Nagano and Fraser 2011; Ponting et al. 2009).  

Cumulative evidence strongly suggests that non-coding RNA 

molecules play fundamental regulatory functions in many 

vital cellular mechanisms, including proliferation, cell 

growth, differentiation, and cell death (Calin and Croce 2006; 

Reddy 2015; Visone and Croce 2009). Coordinated 

regulation of these molecules is essential for the proper 

maintenance of cellular hemostasis. However, defects in the 
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regulation of non-coding RNAs are directly involved in the 

development of many pathological problems, especially 

cancer (Calin and Croce 2006; Esquela-Kerscher and Slack 

2006; Wapinski and Chang 2011).  

2 MicroRNAs 

MiRNAs are non-protein-coding RNA molecules that control 

and fine-tune gene expression at the post-transcriptional level 

through negative regulation of their target genes (Esteller 

2011). MiRNAs mature into 22-nucleotide-long RNA 

transcripts. A growing mass of evidence indicates miRNAs 

have central tasks in various dynamic cellular mechanisms 

such as growth, differentiation, apoptosis and, proliferation 

(Melo and Esteller 2011; Ruan et al. 2009). More than 60% 

of human genes are thought to be controlled by miRNAs 

(Esteller 2011). While some participate in the control of 

specific target molecules, others can act as principal 

regulators of a signaling pathway, allowing important 

miRNAs to control the levels of hundreds of genes at once, 

and several sorts of miRNAs to work together to regulate their 

targets (He and Hannon 2004; Mendell 2005). A growing 

body of evidence suggests that deregulated expression of 

microRNAs is an important contributor to the development 

and progression of many diseases, including immune system 

disorders, diabetes, neurodegenerative diseases, and cancer 

(Garzon et al. 2009; Melo and Esteller 2011; Ruan et al. 

2009).  

2.1 Genomic localization, biogenesis, and mechanisms of 

action of miRNAs 

MiRNA genes have been shown to be conserved across 

species (Rodriguez et al. 2004). They can be found in exons, 

introns, and intergenic regions of protein-coding genes 

(Rodriguez et al. 2004). The majority of intronic or exonic 

miRNAs are oriented in the same direction as the host gene, 

indicating that they are co-transcribed (Rodriguez et al. 2004).  

The latter group of miRNAs are synthesized from gene 

deserts or intergenic regions containing independent 

transcription elements (Rodriguez et al. 2004). The RNase III 

enzymes, Drosha and Dicer, are involved in miRNA 

biogenesis. Biogenesis of miRNAs first begins with the 

production of the primary miRNA transcript (pri-miRNA) by 

RNA polymerase II (Bartel 2007). The pri-miRNA is further 

cleaved by the enzyme Drosha, a double-strand DNA-specific 

ribonuclease, in the nucleus (Bartel 2007).  As a result of this 

enzymatic cleavage, a 70-100 nt long precursor miRNA (pre-

miRNA) transcript is produced (Bartel 2007). The pre-

miRNAs are subsequently transported to the cytoplasm from 

the nucleus by the Exportin-5-RanGTP protein and undergo a 

second cleavage in the cytoplasm. This second cleavage 

reaction is catalyzed by the Dicer enzyme. As a result, mature 

microRNAs with an average length of 22 nucleotides are 

formed (Bartel 2007). TRBP and Argonaute 2 proteins aid 

mature miRNAs to interact with their target mRNAs.  

2.2 MiRNA-mediated gene silencing 

To perform their regulatory functions, miRNAs cooperate 

with members of the Argonaute proteins to assemble into 

miRNA-induced silencing complexes (miRISCs) (Ameres 

and Zamore 2013). Post-transcriptional silencing of mRNAs 

containing sequences partly or completely complementary to 

miRNA genes is mediated by these complexes. (Ameres and 

Zamore 2013; Jonas and Izaurralde 2015). Target mRNAs 

with excellent complementarity are degraded by 

enzymatically active AGO proteins (Ameres and Zamore 

2013; Jonas and Izaurralde 2015). In mammals, however, 

mRNA often form partial complementarity with miRNAs, 

making AGO protein destruction impossible (Ameres and 

Zamore 2013; Jonas and Izaurralde 2015). Moreover, only 

AGO2 is catalytically active in humans, while other members 

including AGO1, AGO3 and AGO4 proteins are not active 

(Ipsaro and Joshua-Tor 2015). Where degradation is not 

possible, AGO recruits some additional proteins to mediate 

silencing (Fabian and Sonenberg 2012; Huntzinger and 

Izaurralde 2011). In this case, silencing of mRNA is achieved 

through a collection of translation suppression, 

deadenylation, decapping, and 5ʹ-to-3ʹ degradation (Fabian 

and Sonenberg 2012; Huntzinger and Izaurralde 2011). In this 

mechanism, the GW182 proteins, which are among the most 

well-studied AGO-related proteins, play a critical role 

(Fabian and Sonenberg 2012; Huntzinger and Izaurralde 

2011). These proteins act as scaffolds between the AGO 

proteins and the downstream effector complexes. It has been 

revealed that the degradation of mRNAs by miRNA-mediated 

silencing is catalyzed by enzymes of 5ʹ to 3ʹ mRNA 

degradation pathway (Jonas and Izaurralde 2015). In the 5′-

to-3′ mRNA decay pathway, mRNAs are deadenylated at first 

by sequential action of the PAN2-PAN3 and CAF1–CCR4–

NOT deadenylase complexes (Wahle and Winkler 2013). 

Deadenylated mRNAs are further subjected to mRNA 

decapping by decapping protein 2 (DCP2), which necessitates 

the assembly of extra cofactors. In metazoans, these factors 

are DCP1 (decapping protein 1), EDC3 (enhancer of 

decapping 3), EDC4 (enhancer of decapping 4), PATL1 

(PAT1-Like Protein 1), and DDX6 (DEAD box protein 6) 

proteins. Ultimately, deadenylated and decapped messenger 

RNAs are degraded by exoribonuclease 1 (XRN1) (Jonas and 

Izaurralde 2015).  Argonaute proteins, GW182 proteins, 

decapping factors, and XRN1 localize to P-bodies (also 

known as mRNA-processing bodies). However, the 

functional relevance of this localization is still a mystery 

(Jonas and Izaurralde 2015).  

3 MiRNAs and cancer 

Previously, it was thought that only defects in tumor promoter 

and tumor suppressive genes play a role in the formation of 

cancer (Rajasegaran et al. 2021). However, with the discovery 

of miRNA molecules, diagnostic, prognostic, and therapeutic 

approaches against cancer gained a new dimension 

(Rajasegaran et al. 2021). Accumulating evidence indicates 

that these small RNA molecules are highly deregulated in 

human cancers. In tumor tissues, certain microRNAs 

(OncomiRs) are elevated, while other miRNAs (tumor 

suppressor miRNAs) are downregulated. (Dalmay and 

Edwards 2006; Ruan et al. 2009). Low levels of tumor 

suppressive miRNAs and enhanced expression of tumor 

promoter miRNAs contribute to main hallmarks of cancer 

such as sustained proliferation and growth, disruption of 

death mechanisms, modulation of immune surveillance, 

invasion, and metastasis(Calin and Croce 2006; Rajasegaran 
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et al. 2021). The first findings between cancer and miRNAs 

were found in studies of patients with chronic lymphocytic 

leukemia. Calin, G. A. et al. reported that the genomic region 

encoding mir-15a and mir-16-1 is frequently deleted or 

translocated in patients with B-cell chronic lymphocytic 

leukemia (CLL) (Calin et al. 2002). As a result, the expression 

level of the anti-apoptotic BCL-2 (B-cell lymphoma 2) 

protein, which is the target of these miRNAs, increases and 

apoptosis is suppressed (Calin et al. 2002). Because miRNAs 

play such an active role in tumorigenesis, mimicking the 

functions of tumor suppressive miRNAs or inhibiting the 

functions of tumor promoter miRNAs offers a strong 

therapeutic potential (Petrocca and Lieberman 2009). 

3.1 MiRNAs as tumor suppressive genes 

As stated above, many miRNAs are localized in cancer-

related genomic areas and thus they play important roles in 

cancer formation by acting as tumor promoter or tumor 

suppressive genes (Frixa et al. 2015). Similar to genes that 

code for proteins, miRNAs can also show tumor suppressive 

effects (Garzon et al. 2009). Thus, loss of function of 

miRNAs can initiate malignant transformation of a normal 

cell or contribute to the oncogenic process (Garzon et al. 

2009). Loss of miRNA expression might be due to diverse 

mechanisms, such as mutation, genomic deletion, alterations 

in miRNA processing and/or epigenetic silencing (Garzon et 

al. 2009). For instance, it was determined that the expressions 

of let-7 family of miRNAs are diminished in multiple kinds 

of cancer (Garzon et al. 2009). Let-7 family members targets 

the expression of well-recognized tumor promoter genes such 

as the Ras family (Johnson et al. 2005).  Additionally, latest 

studies have enabled the identification of many miRNAs with 

tumor suppressive functions. microRNA-34a is one of the 

well-known tumor suppressive miRNAs. miR-34a was 

recognized as a direct transcriptional target of p53 and is 

known to induce G1 cell cycle arrest, senescence, and 

apoptosis in response to DNA damage (Saito et al. 2015). 

Like miR-34a, Ma et al. established that miR-361-5p showed 

tumor suppressive properties in breast cancer as well as 

colorectal and gastric cancers (Ma et al. 2017). Moreover, 

miRNA-329 prevents tumor growth and cell proliferation 

while facilitating apoptotic death of gastric cancer cells by 

negatively regulating KDM1A (Cai et al. 2017). MiRNA-211 

expression was also shown to be highly reduced in cervical 

cancer cell lines and tissues compared to controls, and 

overexpression of miRNA-211 suppressed the expansion and 

metastasis of cervical cancer cells through modulating ZEB1 

(Chen et al. 2017). MiRNA-193a-3p is another miRNA 

known for its tumor suppressor properties. It has been shown 

that it is downregulated in colorectal cancer patients and 

increased expression of miRNA-193a-3p represses expansion 

and invasion of colorectal cancer cells (Takahashi et al. 

2017). Also, miRNA-195 has been shown to be frequently 

downregulated in melanoma patients. Functional analyzes 

have shown that miRNA-195 exerts an anti-proliferative 

effect on human melanoma cancer cells by suppressing 

Prohibitin 1, which plays an active role in the RAS-RAF-

MEK-ERK pathway (Cirilo et al. 2017). In addition to these 

findings, members of miR-29 family of miRNAs were 

reported to be downregulated in patients with CLL, AML, 

cholangiocarcinoma, lung, and breast cancers (Calin et al. 

2005; Garzon et al. 2008; Iorio et al. 2005; Mott et al. 2007; 

Yanaihara et al. 2006). Moreover, overexpression of miR-29b 

provoked apoptosis in lung cancer and cholangiocarcinoma 

cell lines and weakened tumorigenic properties in the lung 

cancer mouse xenograft model (Fabbri et al. 2007; Mott et al. 

2007). Anti-apoptotic MCL-1 and TCL-1 oncogenes are two 

identified targets of miR-29b (Mott et al. 2007; Pekarsky et 

al. 2006). There is also increasing evidence that miR-139 is 

frequently suppressed in various human malignancies. 

Although miR-139 is encoded in the intronic region of the 

phosphodiesterase 2A (PDE2A) gene, no correlation was 

found between these two in carcinogenesis (Shen et al. 2014). 

miR-139 was reported to be directly activated in cells 

expressing wild type p53 gene during DNA damage (Cao et 

al. 2016) and silenced by Polycomb repressive complex-2 

(PRC2) and RNA Polymerase 2 Subunit M (POLR2M) (Cao 

et al. 2016; Stavast et al. 2022).   

3.2 MiRNAs as oncogenes 

Accumulating body of evidence also revealed that many 

miRNAs show tumor promoter functions. MiR-155 was one 

of the first oncomiRs discovered and its gene expression level 

was found to be markedly elevated in various cancers as lung 

cancer, pancreatic cancer, breast cancer, B-cell lymphoma 

and Hodgkin's lymphoma. In addition, miR-155 was shown 

to downregulate TP53INP1 (Tumor protein 53-induced 

nuclear protein 1) expression (Hemmatzadeh et al. 2016). 

Another oncogenic miRNA that accelerates tumor formation 

is miR-21 (Garzon et al. 2009). miR-21 is upregulated in 

many hematological malignancies such as CLL and AML, as 

well as breast, lung, prostate, colon, liver, stomach, pancreatic 

and glioblastoma cancers (Garzon et al. 2009). miR-21 

triggers the metastasis and invasion of cancerous cells by 

suppressing tumor suppressor proteins including PTEN 

(phosphatase and tensin homolog), PDCD4 (programmed cell 

death 4) and TPM1 (tropomyosin 1) (Garzon et al. 2009). 

Moreover, overexpression of miR-21 has been shown to 

suppress apoptosis of glioblastoma cells (Chan et al. 2005). 

In addition, suppression of its expression in breast, liver, and 

glioblastoma cancer cells suppresses cell proliferation, 

triggers caspase activation, and increases apoptotic cell death 

(Chan et al. 2005; Frankel et al. 2008; Meng et al. 2007). The 

miR-17-92 miRNA gene cluster (including miR-19a, miR-

19b-1, miR-17, miR-18a, and miR-92-1, miR- 20a) is 

recurrently amplified in many solid tumors and hematological 

malignancies, including lung, colon, breast, pancreatic, 

prostate, gastric cancers and lymphomas (Garzon et al. 2009). 

These miRNAs trigger proliferative signaling and invasion in 

cancer cells and suppress apoptosis (Garzon et al. 2009). 

Interestingly, c-myc, a tumor promoter gene which is 

commonly stimulated in cancer, transactivates the miR-17-92 

miRNA cluster.  

3.3 MiRNAs in cancer treatment  

Because of the oncogenic and tumor suppressor roles played 

by miRNAs in cancer expansion and advancement, 

mimicking the functions of tumor suppressive miRNAs or 

suppressing the functions of tumor promoter miRNAs 

emerges as an innovative approach in cancer treatment. 
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Today, there are pre-clinical and clinical studies that have 

been made or are being conducted for the use of miRNAs in 

the therapy of various health manifestations, including cancer 

(Li and Rana 2014). The use of miRNAs in cancer therapy 

has several benefits. Mature miRNA sequences are small and 

conserved among many vertebrate species (van Rooij and 

Kauppinen 2014). In addition, miRNAs often target many 

genes in cellular signaling pathways. Thus, therapeutic 

targeting of disease-associated miRNAs may allow targeting 

of the entire disease-associated pathway (van Rooij and 

Kauppinen 2014). Two basic methods have been used to 

modulate miRNA activity; the first is to restore miRNA 

activity using synthetic double-stranded miRNAs or viral 

overexpression vector, and the second is to inhibit miRNA 

activity using chemically modified antimiR oligonucleotides 

(Shah et al. 2016; van Rooij and Kauppinen 2014).  

4 Unconventional functions of miRNAs 

Numerous unconventional regulatory functions of miRNAs 

have also been reported. Primary transcripts of miRNAs have 

been found to encode small peptides with regulatory 

functions, termed miRNA-encoded peptides (miPEPs). 

Lauressergues et al. were the first to report that miRNAs 

encode for regulatory peptides. In plants, they have 

discovered that several pri-miRNAs, comprising pri-miR-

165a of Arabidopsis thaliana (miPEP165a, 18 amino acids) 

and pri-miR-171b of Medicago truncatula (miPEP171b, 9 

amino acids), codes for short regulatory peptides. These pri-

miRNA-encoded oligopeptides have been identified to 

advance transcription of their own pri-miRNA, which 

increases the production of their respective mature miRNAs 

(Lauressergues et al. 2015). Although a direct physical 

interaction has not yet been demonstrated, increased 

expression of miRNAs has been shown to enhance Toll-like 

receptor (TLR) activity. Specifically, in lung cancer, miR-29a 

and miR-21 have been reported to activate the expression of 

TLR7 in humans. Let-7b has also been reported to directly 

stimulate the expression of TLR7 and exert a 

neurodegenerative effect (Lehmann et al. 2012). Another 

unconventional function of miRNAs is the upregulation of 

protein expression in response to cell cycle progression. 

During cell cycle arrest, certain miRNAs promote translation 

of their target mRNAs while repressing translation in 

proliferating cells. Specifically, miR-369 was shown to 

control the association of Argonaute (AGO) and Fragile X 

Mental Retardation-Related Protein 1 (FXR1) with the AU-

rich elements (AREs) in tumor necrosis factor mRNA during 

cell cycle arrest to enhance translation (Vasudevan et al. 

2007). Although the mitochondrial genome lacks miRNAs, 

Das et al. discovered that miR-181c translocates to 

mitochondria and represses expression of the mitochondrially 

encoded cytochrome c oxidase subunit 1 (mt-COX1) protein 

while increasing expression of mt-COX2 mRNA and protein 

content (Das et al. 2012). These findings further indicate that 

miRNAs also participate in the control of genes encoded by 

the mitochondrial genome to regulate mitochondrial 

dynamics. AGO-independent actions of miRNAs have also 

been reported. Eiring et al. identified that miR-328 acts as a 

molecular decoy for heterogeneous ribonucleoprotein E2 

(hnRNP E2) to rescue translation of CEBPA mRNA. When 

miR-328 binds to hnRNP E2, releasing CEBPA mRNA from 

hnRNP E2-mediated translational repression (Eiring et al. 

2010). 

5 Conclusion 

Although considerable efforts have been made for many years 

to identify biomarkers for cancer diagnosis and treatment, no 

biomarker has attracted as much attention as the potential of 

miRNAs. A substantial body of research shows that miRNAs 

have tremendous potential for the development of targeted 

cancer therapies since they can selectively bind to and repress 

the target gene. Currently available evidence indicates that 

suppression of oncogenic miRNAs or replacement of tumor 

suppressor miRNAs could be an innovative therapeutic 

strategy in cancer therapy. Furthermore, miRNA profiling of 

human cancer provides significant advantages for the 

discovery of effective therapeutic drugs and treatment 

planning. In further studies, more detailed studies on the 

clinical use of these molecules are needed. 
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