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ABSTRACT  

Red peppers, belonging to Dicotyledonae class, are produced and 

consumed all over the world including the southern regions of Turkey. 

Capsaicin is the most important active ingredient in red peppers. For 

this purpose, in this study, some molecular biological activities such 

as oxidant status, antiradical activity and DNA preservation of 

purified capsaicin from red peppers were investigated. Pure capsaicin 

was used into dichloromethane and methanol solution. Antiradical 

activity was determined by DPPH method. DNA protective activities 

was analyzed by using pBR322 plasmid DNA. The highest antioxidant 

activity was determined in methanol solution from the purified 

capsaicin extracts. Also the highest antiradical activity was found in 

red sweet pepper. In addition, DNA protective activity of the 

extraction in dichloromethane was found to be higher than that of 

methanol. 
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Kapsaisin Saflaştırılması ve Moleküler Biyolojik Aktivite Değerlendirmesi 
 

ÖZET 

Kırmızı biberler Dicotiledon sınıfına ait bitki türleridir. Bu biberler 

Türkiye’nin güney bölgesinde yaygın olmakla beraber tüm dünyada 

hem üretilmekte hem de tüketilmektedir. Kapsaisin, kırmızı 

biberlerdeki en önemli etken maddedir. Bu amaçla, bu çalışmada hem 

tatlı kırmızı biberlerden saflaştırdığımız kapsaisinin oksidan 

durumu, antiradikalik aktvitesive DNA koruyuculuğu gibi bazı 

moleküler biyolojik aktiviteleri araştırılmıştır. Bu çalışmada 

saflaştırılan kapsaisinin diklormetan ve metonal çözücüsündeki 

ekstrakları kullanıldı. Antiradikalik aktivite için DPPH metodu 

kullanıldı. DNA koruyucu aktivite için pBR322 plazmid DNA yöntemi 

kullanılmıştır. En yüksek antioksidan aktivite, saflaştırılmış 

kapsaisin ekstraklarından methanol çözeltisinde belirlendi, ayrıca en 

yüksek antiradikalik aktivite kırmızı tatlı biberde bulundu. Ayrıca, 

diklormetandaki ekstraksiyonda DNA koruyucu aktivitesinin 

metanolünkinden daha yüksek olduğu bulundu. 
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INTRODUCTION 

Red peppers (Capsicum annuum L.) are the species of 

plant that belong to Dicotyledonae class, Tubiflorae of 

Solanaceae family. The species that grows in Eastern 

Mediterranean and South Eastern Anatolia regions 

known as Capsicum annuum L. (Aırakı et al., 2012), 

which is a valuable plant frequentlyused in the 

pharmaceutical, chemical industry and by public 

(Hayman and Kam, 2008). Capsaicin is animportant 

secondary metabolite phenolic component synthesized 

from peppers (Materska and Perucka, 2005). The 

antioxidant and nutritional properties of capsaicin are 

known to be dependent on bioactive phenolic 

phytochemical ratios (Kavindra and Zhihong, 2014;  

Kempaiah and Srinivasan 2004). Red peppers contain 

different amounts of capsaicin. Epidemiological 

studies reported that there was a positive correlation 

between the consumption of pepper and the prevention 

of gastric, pancreatic and lung cancers (Filomena et al., 

2007). In living organisms, the oxygen activity 

consumed during catabolism can be transformed to 

different radical molecules. These reactive oxygen 

radicals take DNA as heredity material as a target (Ai 

et al. 2008). Typically, oxidative damage from free 

radicals can be responsible for many chronic diseases, 
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such as cancer, inflammation and some of other 

chronic diseases. In recent years, antioxidant 

properties of natural compounds were investigated by 

examining potential antioxidant components (Repetto 

and Llesuy, 2002, Camilo and Ana, 2014). For this 

reason, it is very important to understand the 

antioxidant capacity of the capsaicin. The sweet 

peppers, generally regarded as bell peppers, are the 

most commonly known chili peppers in the Capsicum 

annuum family. Typically, sweet peppers contain 

much lower amounts of capsaicin compared to hot 

peppers (Reinbach et al., 2009).For this purpose, this 

study searches the radical scavenging and antioxidant 

activities of the capsaicin by isolating them from C. 
annuum L., a red-colored species, which are both sweet 

and hot, and widely served as diet in the Middle East.  

Free radical is one or more single electron containing 

high reactivity molecules or groups. The effect of these 

free radicals on DNA is defined as indirect effect 

(Halliwell, 2007). Breaks in the linear DNA molecule 

due to the effect of UV rays. The high energy of 

ultraviolet rays especially UV-C can cause chemical 

effects on DNA molecules. It can alter the chemical 

structure and lead to the breakdown of some bonds. 

This may cause skin cells to become weaker or die, 

making the skin appear older than it is (Ertaş et al., 

2015). Thus, this study determines the antioxidant 

properties of capsaicin with its effect on DNA 

protective activity. Studies of the antioxidant effect of 

capsaicin have been carried out revealing its 

antioxidant properties (Mateos et al., 2013).In this 

study, the antioxidant capacity of capsaicin was 

determined throughtests using the DPPH radical 

scavenging, total antioxidant capacity and total 

oxidant levels. While the literature on the red hot 

pepper’s capsaicin composition is available, however, 

their antioxidant properties of capsaicin have not been 

evaluated because there is a lesser amount of red sweet 

pepper capsaicin available. In our previous published 

article, some biological activities were determined in 

green hot peppers (Bayil Oğuzkan et al., 2018). Firstly, 

this study determines and compares antioxidant 

capacity of the capsaicin in the sweet red peppers with 

the hot peppers. Several studies have investigated 

capsaicin's antioxidant capacity, however, no studies 

on DNA preservation have been found both of hot and 

sweet peppers. Thus, we have shown that the 

protective mechanism of capsaicin extracts purified 

from the red pepper species against DNA, as well as 

demonstrating the mutagenic effects of UV and H2O2.   
 

MATERIAL and METHODS 

Plant Material 

The samples were twored pepper varieties, one was 

sweet bell pepper and the second one was the hot type 

of C.annuum L., obtained from Gaziantep area in June 

and September 2017 and were identified by the 

Botanic Department of Biology Faculty at Gaziantep 

University.  
 

Capsaicin Purification 

Extracts were obtained in dichloromethane and 

methanol solution from sold commercially Sigma 

company. Soxhlet device was used to obtain the 

extracts of the plant, and the dried plant pulverized 

with a disintegrant. Dichloromethane and methanol 

extracts were extracted from the red pepper plant 

through Soxhlet method. Dichloromethane and 

methanol were removed from the extract through 

evaporation process using a rotary evaporator. This 

study dissolved each of the extracts in 30 ml of acetone 

solvent obtained from the sample petri dish. Moreover, 

we added 30 ml of 0.1 M AgNO3 solution to the 

experiment and added 0.1 M NaOH solution drop wise 

(approximately 3 drops) to pH 7 at 30 ̊C, which was 

followed by extraction on a magnetic stirrer for 3 

hours. Then, the solution we rested. The aqueous 

phase was separated by filtration through ordinary 

filter paper. The aqueous phase was extracted with 

liquid-liquid by adding 100 ml of hexane. Moreover, 25 

mL of dichloromethane was added to the aqueous 

phase, separated the aqueous phase, and added 25 mL 

of dichloromethane to the aqueous phase. 

Dichloromethane phases were pooled, and 

approximately 50 ml of the solution was evaporated on 

a half of rotary evaporator. The liquid containing the 

capsaicin solution was again subjected to liquid-liquid 

extraction with 25 ml of saturated NaCl solution, after 

which the dichloromethane phase was taken and the 

solvent was removed. The mixture was evaporated 

with 3 ml of dichloromethane solution and then the 

solvent was removed. The method was according to 

Segi and et al. (1999) which was the purification of 

industrial capsaicin. In this way, purification amount 

of dichloromethane of sweet and hot red peppers and 

methanol of hot and sweet red peppers are obtained 

and compare to commercially pure capcaicin (Sigma 

Aldrich company, purity 98%). as well as analytical 

degree. We have used the capsaicin in the extracts 

obtained from pure capsaicin pepper in two different 

solvents. The amounts of capsaicin obtained in the two 

peppers are shown in Table 1.  
 

Table 1: Purification amount of capcaicin from red 

peppers (mg) 
Solvents Red hot pepper 

capcaicin 

Red sweet pepper 

capcaicin 

Dichlormethane 64.5 mg 18.9 mg 

Methanol 6.8 mg 29.4 mg 
 

Determining the Antiradical Activity with the DPPH 

method 

This study also determined the antiradical activity of 

the extracts by using DPPH (1,1-diphenyl-2-

picrilhidrazyl) radical according to Blois method [16]. 
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The  resultswith the calculation of the DPPH Radical 

Scavenging Activity were evaluatedwith the IC50.  The 

DPPH Radical Scavenging Activity was calculated 

with the following formula: 

DPPH Radical Scavenging Activity % =(Control 

Absorbance – Sample Absorbance) / Control 

Absorbance x 100. 
 

Determination of the Total Antioxidant Capacity and 

Total Oxidant Capacity 

The Total Antioxidant Capacity (TAC) test principle 

was used ABTS (2,2 azinobis) (3-ethyl benzo 

thiazoline-6-sulfonic acid) as radical cation and 

evaluated with trolox equivalent (Vitamin E) as 

positive control. The total oxidant test principle was 

that the presence of oxidants in the sample oxidizes 

ferrous ions to ferric ion. According to the presence of 

oxidant in the environment, the color is increased. This 

color density is measured by spectrophotometry. The 

absorbance value indicates the oxidant value in the 

example. The TOC (Total Oxidant Capacity) value is 

detected by comparing the obtained results with μmol 

H2O2Equiv./L (Mateos et al., 2013). In this study Real 

Assay Diagnostics TAC and TOC Assay Kit were used 

(Tarpey et al., 2000). 
 

The Determination of DNA protective activity by 

Capcaisin 

pBR322 plasmid DNA was purchased from Sigma 

Chemicals which used for detecting to protective 

activity of DNA. Plasmid is a small, circular, double-

stranded DNA molecule that showed clearly band on 

agorose gel electropresis.  pBR 322 DNA was often 

used DNA protector analysis that was optimized by 

experimentally. Moreover, the study subjected the 

DNA of the plasmid to damage in the presence of the 

extracts by applying UV and H2O2 by performing the 

visualization on 1.25% agarose gel following the 

method specified by Russo et al. (Vanella et al., 

2002,Russo et al., 2000). 
 

RESULTS  

In this study, the ratio of the oxidant and the 

antioxidant capacities measured by the experimentally 

measured oxidative stress index parameters was 

calculated mathematically as follows: 

OSI= (TOC, µmol H2O2 equivalent/L) / (TAC, µmol 

Trolox equivalent/L) x100  

Smaller OSI values indicate less oxidative stress. The 

capsaicin’s OSI values were detected at very low levels. 

This showed that the mean of the oxidant activity of 

OSI low levels is quite low, and both different samples 

are quite good antioxidants. OSI values are at the very 

low level of all the samples and the best one among 

them is red pepper methanol extract as being revealed 

at Table 2. 

When the antioxidant values of capsaicin were 

examined, it was found that the best antioxidant 

properties were found in each of the samples showing 

that red hot pepper was the best specimen of methanol 

extract. Thus, the radical scavenging effects of 

capcaicin were demonstrated in this study, which was 

tested on DPPH, and found to be stable radical. 

 

Table 2: TAC, TOC, OSI and IC 50 values of capsaicin 

RHPD:Red hot pepper dichlormethane 

RSPD:Red sweet pepper dichlormethan 

RHPM:Red hot pepper methanol 

RSPM:Red sweet pepper dichlormethan 

 

In our study the IC50 values for the radical elimination 

capacities of the capsaicin in the dichloromethane 

methanol samples were calculated. As the 

concentration of red-hot pepper dichloromethane, red 

sweet pepper dichloromethane, red-hot pepper 

methanol and red sweet pepper dichloromethane 

increased in all four samples of capsaicin obtained 

from red peppers, and its success to eliminate DPPH 

increased directly. As shown in Table 2, red-hot pepper 

and red sweet pepper were found to be the best radical 

elimination effects of the extract of capsaicin purified 

from the methanol and lower than the other samples 

of dichloromethane. 

3 types of forms are seen in the plasmid DNA agarose 

gel imaging system. These are nicked DNA, linear 

DNA, supercoiled DNA according to the separation 

state. When the DNA structure exposed to any agent 

begins to form in this three-band form, the agarose gel 

is observed and the DNA band that is nicked stops at 

the top and brightly close to the loading well, and then 

the brightness is reduced and observed in 3 forms of 

DNA[20]. In the evaluations of DNA protective 

protocols, the band-luster up to the form of the band is 

indicative of this protective effect DNA preservation 

studies were performed on constructions. Displayed on 

the agarose gel were firstly compared with the control 

 TAC TOC OSI IC50 Reference value 

RHPD 2,405618 0,032 1,3 1,309543 TAL>2 verygood 

RSPD 2,343446 0,026 1,11 1,20723 TOL<5 verygood 

RHPM 2,954307 0,031 1,05 0,408675  

RSPM 2,934082 0,041 1,39 0,055627  
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group, and all samples were shown to show protective 

activity relative to the control group as figure 1 and 

figure 2.  
 

 
Figure 1:DNA protective activities’ bands of samples. 

 
1 [RHPD (40) ] : Plasmid DNA (3 μl) + capcaicin (5 μl)+ UV+ 

H2O2 (1 μl) 

2 [RHPD (20) ]:      Plasmid DNA (3 μl) + capcaicin (5 μl)+ 

UV+ H2O2 (1 μl) 

3 [RHPD(10)  ]:    Plasmid DNA (3 μl) + capcaicin (5 μl)+ UV+ 

H2O2 (1 μl)  

4 [RSPD (40 mg)]: Plasmid DNA (3 μl) + capcaicin (5 μl)+ 

UV+ H2O2 (1 μl)  

5 [RSPD (20 mg)]: Plasmid DNA (3 μl) + capcaicin (5 μl)+ 

UV+ H2O2 (1 μl)  

6 [RSPD (10 mg)]: Plasmid DNA (3 μl) + capcaicin (5 μl)+ 

UV+ H2O2 (1 μl)  

7 [RHPM (40 mg)]: Plasmid DNA (3 μl) + capcaicin (5 μl)+ 

UV+ H2O2 (1 μl)  

8 [RHPM (20 mg)]: Plasmid DNA (3 μl) + capcaicin (5 μl)+ 

UV+ H2O2 (1 μl)  

9 [RHPM (10 mg)]: Plasmid DNA (3 μl) + capcaicin (5 μl)+ 

UV+ H2O2 (1 μl)  

10 [RSPM (40 mg)]: Plasmid DNA (3 μl) + capcaicin (5 μl)+ 

UV+ H2O2 (1 μl)  

11 [RSPM (20 mg)]: Plasmid DNA (3 μl) + capcaicin (5 μl)+ 

UV+ H2O2 (1 μl)  

12 [RSPM (10 mg)]: Plasmid DNA (3 μl) + capcaicin (5 μl)+ 

UV+ H2O2 (1 μl)  
 

C1 C2 C3 C4 

 
Figure 2: Bands of DNA protective activities (Control 

Group) 
C1: Plasmid DNA (3 μl) + dH2O (6 μl)  

C2: Plasmid DNA (3 μl) + dH2O (6 μl)+ UV  

C3: Plasmid DNA (3 μl) +dH2O (6 μl)+ H2O2 (1 μl)  

C4: Plasmid DNA (3 μl) + dH2O (6 μl)+ UV+ H2O2 (1 μl)  
 

Also, DNA protection activities at different 

concentrations of extracts of both dichloromethane and 

capsaicin in methanol were evaluated.It has been 

observed that when the samples are compared between 

the bands in Fig. 1, the extract of the red pepper in the 

methanol shows lower activity than the 

dichlormethane. Although the amounts of capsaicin in 

red sweet peppers are very low, DNA protective 

activity was found to be higher than the methanol 

extract of red hot peppers, as can be seen from the band 

images. Red hot pepper (40 mg) was lower in the 

methanol extract than in the low concentration of DNA 

protective activity (10 mg). According to this result, we 

can say that the capsaicin in the methanol extract 

shows better protective activity in low concentrations. 
 

DISCUSSION 

Capsaicin is a valuable bioactive phytochemical used 

in the pharmaceutical, chemistry and cosmetic 

industries (William et al., 2014). It is known that 

phytochemicals are not only used for chemotherapy 

but also have antioxidant and anti-carcinogen effects 

(Arct et al.,2008). In contrast to antioxidants, oxidant 

equilibrium may deteriorate in a direction, resulting in 

many pathological conditions such as cancer, immune 

system disorders, cardiovascular diseases. Therefore, 

preserving this balance is extremely important for 

health (Bayil Oguzkan et al., 2016).In particular, UV-

C (~ 260nm.) Is strongly absorbed by DNA and UV-B 

rays react with DNA and other biological molecules. 

Ionizing radiation and many anti-cancer drugs are 

thought to be the most toxic form of DNA damage 

induces double chain fractures. Repair of these 

fractures will continue in the cell's genomic stability 

and plays a critical role in survival. Many researchers 

believe that the survival rate of cancer cells 

inactivation of proteins involved in repair of double 

chain fractures or uses treatment modalities to reduce 

their expression (Lien et al., 2008, Hitoshi, 2010). 

Therefore, the effect of capsaicin, which is the primary 

active ingredient in peppers, on both oxidant status 

and genetic material by using some molecular 

biological methods was investigated. In this study, it 

was observed that all samples extracted from red hot 

pepper and red sweet peppers showed DNA protective 

activity compared to control as shown that figure 1 and 

figure 2. Low amount of capsaicin obtained from sweet 

peppers does not mean that it does not show DNA 

protective activity. Indeed, DNA protective activity 

evaluations are interpreted by evaluating the band 

image and brightness. Thus, we can say that all of the 

samples are associated with DNA protection as 

compared to control group. As capsaicin is responsible 

for the bitterness of peppers, sweet peppers are quite 

low, as shown in our study.  

However, it has been shown in this study for the first 

time that it has a protective effect on DNA even in low 

amounts. Antioxidants have been reported to be 

effective in preventing damage to genetic material 

(André et al., 2017).Although antioxidants have a 

protective effect on DNA, prolonged exposure to high 

levels of UV radiation may cause a decrease in cellular 
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antioxidant levels(Cadet et al., 2005). The radical 

molecules formed together with the increase in cellular 

oxidant level can easily be found in nucleotides such as 

OH and H2O2, which can lead to irreversible DNA 

damage (Dai and Mumper 2010). Therefore, in this 

study, we evaluated DNA protective activity and 

oxidant status together. In fact, these different type 

pepper’s capcaicin extraction suppressed the formation 

of lin DNA, generated by exposure of PBR 322 plasmid 

DNA to .OH generated by H2O2 - UV-photo- lysis. The 

effect of capsaicin on peroxyl radical elimination has 

been reported to be much better than both caffeine and 

melatonin (Balasundrama et al., 2006). 

In our study, the effect of eliminating the DPPH 

radical from the capsaicin was also found to be quite 

high.  Many studies have shown that capsaicin has a 

strong antioxidant capacity (Christopher and Garold  

2006, Young 2002), and it is thought that this reaction 

neutralizes peroxyl radical, which is a very strong 

radical because of this enzyme(Rosa et al.,2002, 

Leonardi et al., 2012). In our study, it was determined 

that the oxidant value of the capsaicin in red peppers 

was very low. In this study, the results of the 

antioxidant capacity of the capsaicin are consistent 

with the literature, and we can say that both the sweet 

and hot capsaicin have a high level of antioxidant 

capacity. Capsaicin is an irritant alkaloid that gives 

chili peppers a sharp scent and soreness, and it is 

assessed with a measurement unit called Scoville used 

to measure the hotness of the peppers (Scoville, 

1992).Hot peppers, such as chili, tabasco, paprika, 

cayenne pepper contain these condiments in different 

quantities.  Sweet peppers, also known as bell peppers 

(so called because of their shape), contain lesser 

amounts of capsaicin due to their sweetness (Peter, 

2012). Although capcaicin is a parameter of hot 

peppers, in this study, the purifying of capillary from 

sweet peppers was carried out. As expected, the 

amount of capcaicin in red chillies was higher than the 

sweet pepper. The results obtained from Capsicum 
annuum L. was found to be lower capcaicin in the red 

sweet peppers grown, consumed in the Southeastern 

Anatolia region than the hot peppers. According to our 

results, the amounts of capsaicin were found to be 

different according to the solvent and genotypes in 

which the peppers were extracted.In terms of 

bioactivity, this is the first study that focuses on the 

extract of the capsaicin isolated from sweet peppers.  

However, an extensive amount of capsaicin and 

bioactivity studies should determine not only on 

capsaicin isolated from capsicum annum L. peppers, 

but also on samples that were taken from different 

types of peppers. Also, this experimentally results can 

be compared to analytical degree of capcaicin in 

further studies.  

 
 

CONCLUSIONS 

This study is a preliminary study for further studies, 

and we are convinced that testing of different 

bioactivity’s properties, and carrying out more 

extensive research on the antioxidant properties of 

capsaicin and its effect on DNA protective activity 

would open the way for its assessment in both health 

and other areas.  
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