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Abstract 

This study was planned to reveal in vivo genotoxic, antigenotoxic and cytotoxic properties 

of methanolic extracts of St. John's Wort plant (Hypericum perforatum). The methanol 

extract of H. perforatum was administrated to rats alone or in combination with N- 

nitrosodimethylamine and Triclosan (positive control). The concentrations of H. 

Perforatum were 20, 100, 500 mg/kg and administration duration was 30 days. At the end 

of this period, chromosome aberration test used to determine genotoxic and antigenotoxic 

effects of H. perforatum. In addition, total oxidant and antioxidant levels of peripheral 

blood serum of rats were determined by spectrophotometric method. According to our 

result, H. perforatum extract did not demonstrate genotoxic effect at concentrations 

administrated. When compared to the negative control, the percentage of abnormal cells 

was increased in groups treated with test substance, N-nitrosodiethylamine and triclosan 

together. However, these increases were not as higher as groups treated with N- 

nitrosodiethylamine plus triclosan (positive control). Even, in groups treated with the test 

substance additional N-nitrosodiethylamine plus triclosan, the ratio of abnormal cells was 

inversely proportional to the increase in the concentration. The lowest ratio of abnormal 

cells was in the group in which the highest concentration of the H. perforatum (500 mg/kg) 

was applied. The highest two concentrations of the H. perforatum (100 and 500 mg/kg) 

significantly increased the mitotic index. In the group treated with test substance and 

positive control together, the mitotic index was even greater. At the same time 100 mg/kg 

of H. perforatum extract significantly reduced the oxidative stress. 

Key words: Hypericum Perforatum, N-nitrosodiethylamine, triclosan, cytotoxicity, 

genotoxicity, rat bone marrow, oxidative stress. 
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Introduction 

Including Hypericum perforatum (St. 

John's Wort) Around 490 species from 

Hypericaceae family, are grown in many 

different regions of the world, and 

Turkey. It is known as John's wort. 

During the flowering period, flowers and 

buds of the plant or all over the ground 

parts can be collected and used 

immediately after drying. The John's 

wort was used in the treatment of mental 

disorders in Europe and was also a very 

popular plant in America continent. In 

folkloric use, the plant's yellow stems are 

collected and kept in a place where the 

sunlight is shining until it takes a red 

colour in the olive oil. This oil is used 

commonly as a cure for burn injuries and 

wounds in bedridden patients (1-3). H. 

perforatum is a medicinal plant with anti- 

depressant properties and has anti– 

inflammatory effects such as 

arachidonate 5-lipoxygenase inhibitor 

and COX-1 inhibitor (4, 5). According to 

clinical studies, H. perforatum has 

antidepressant properties and has milder 

side effects (6). It has also been shown 

that H. perforatum had antiviral, 

anticancer and antiproliferative effects 

(7, 8). 

The ethanolic aqueous extract of H. 

perforatum gave negative results in both 

in vitro and in vivo studies and did not 

show mutagenic potential (9). In another 

study, it was reported that H. perforatum 

water extract had protective effect 

against alkylating DNA damage induced 

by methylmethanesulfonate (MMS) in 

colon cancer cell line (HT29) and also 

increased the repair of alkylated DNA 

damage (10). In a different in vitro study, 

hyperforin a constituent of St John's wort 

extract was found to induce apoptosis by 

trigerring activation of caspases, and in 

 combination    with     hypericin,    it 

synergistically   exerted   cytotoxicity 

towards human malignant cell lines (11). 

Methanolic extract of H. perforatum and 

hypericin, the plant's active ingredient, 

induced    apoptosis   and  long-lasting 

inhibi- tion of cell growth and decreased 

phototoxicity (12, 13). However, in an 

investigation  of  the  effects   of   H. 

perforatum peptide extracts on non- small 

cell lung carcinoma cells (A549), lung 

cancer cells (H1299) and HeLa cervical 

cancer cells, extracts at various 

concentrations were administrated to cells. 

It  was   indicated   that   H. 

perforatum peptide extract did not have 

any effect on proliferation activity and 

growth of tumor in that study (14). N- 

nitrosodimethylamine (DEN), which is 

considered a human car- cinogen (15, 16) 

and plays a role in the induction of 

gastric, esophagus and nasopharyngeal 

cancers (17). Triclosan [5- chloro-2- (2, 

4-ichlorophenoxy) fenol; TCS], a broad 

spectrum antibacterial agent used in a 

wide range of synthetic products like 

soaps,  cosmetics,   therapeutics and 

plastics (18). Both of them were used as a 

positive control in this study. It has              been 

discovered    that    triclosan 

significantly      accelerates     the 

development    of       hepatocellular 

carcinoma (HCC) and acts as a liver 

tumor promoter when it was used with 

procarcin-   ogen   diethylnitrosamine 

(DEN).   Triclosan  treated rats were 

found to exhibit large increases in tumor 

variety, size, and incidence when 

compared with control groups (19). 

In this study, chronically (30 days) 

genotoxic and cytotoxic effects of H. 

perforatum extract alone or in 

combination with positive control (DEN 

and triclosan) were investigated in rat  
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marrow cells. Furthermore, the effects 

of H. perforatum on oxidative stress in 

rat peripheral blood were also 

determined. 

 

Method 

Sprague-Dawley albino rats were used in 

this study. The animals were 8-12 week 

old and their weights varied between 

180-250 gr. six male rats were used for 

each group. The animals were provided 

by Çukurova University Medical Faculty 

Experimental Medicine Research and 

Application Center (CUTF-DETAUM) 

and housed 12-hour light and dim cycle 

individually in air-conditioned cages (24 

± 2ºC) rooms. Water and nutrients were 

provided ad libitum. Experimental 

studies were conducted upon the 

approval of animal ethics by the local 

ethical committee (12/28/2015, 10). 

N-Nitrosodiethylamine (CAS No: 55-18- 

5), Triclosan (3380-34-5) and Colchicine 

(CAS No: 64-86-8) were purchased from 

Sigma-Aldrich. 

H. perforatum was collected from 

Mersin, Gözne region on July 2016 and 

identified by Prof. Necattin Türkmen 

who is botanic professor in Çukurova 

University, Department of Biology. The 

remaining plants from the study are 

stored in the genetics laboratory of the 

Biology Department of Çukurova 

University. Aboveground parts of H. 

perforatum (Yellow centaur) were dried 

with a lyophilizer. Then 15 grams of 

each dried tissues were weighed, mixed 

with 200 mL of methanol and milled 

with a laboratory type mill 

(KINEMATIC MB 800). After that, the 

mixture was placed in an ultrasonic bath 

for 45 minutes at 30 °C, centrifuged at 

3500 g for 10 minutes at 20°C and 

filtered through a blotting paper with 

drying paper. This process was repeated 

one more time. Then, methanol was 

evaporated at 40 °C in a filtrate vacuum 

evaporator (Polyscience Rotary Vacuum) 

and finally the remaining extract was 

dissolved in distilled water. 

In the literature, the lowest toxic dose 

(TDLo) value of H. perforatum alcohol 

extract was reported to be 500 mg / kg 

body weight (bw) for oral rat (20). 

Therefore, the highest concentration in our 

study was determined as 500 mg / kg. 

Lower concentrations were also 100 mg / 

kg and 20 mg / kg. For each concentration, 

a total of six mice were treated with test 

medium via intragastric gavage. The rats 

were given a single dose of test substance 

every day for 30 days and then bone 

marrow cell was harvested (Test group 1). 

In addition, serum obtained from the 

peripheral blood of rats was stored to -80 

ºC conditions up to TAS-TOS 

measurement. 

N-nitrosodimethylamine was dissolved in 

water and treated to rats intraperitoneal as 

single dose of 200 mg 

/ kg body weight before the H. 

perforatum extract treatments. Triclosan 

was dissolved in % 70 ethyl alcohol and 

was sprayed onto the feed of 

experimental animals (0.09 mg Triclosan 

for 1 kg meal). In terms of equal treatment 

of animals, the animals were housed in 

different cages. After the end of the 

treatment period, chromosome 

preparation and blood serum storage were 

performed (Test group 2). 

Two hours before the chromosome 

aberration test, colchicine was given to 

the animals intraperitoneally (3 mg / kg, 

bw). The current protocol for testing this 

study (21) has been modified and used 

(22). Rats were sacrificed by cervical 

dislocation then bone marrow was taken 
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from femur and transferred to warm 

physiological solution (0.9% NaCl, 37 

°C). The resulting suspension was 

centrifuged at 2,000 rpm for 5 min. 

Supernatant was removed and hypotonic 

solution (0.4 KCl, 37 ºC) was added to 

cells and centrifuged for 10 min in room 

temparature. Later supernatant was 

removed by centrifugation and cold 

fixative (1/3, glacial acetic acid / 

methanol) was added. Bone marrow 

cells were fixed at room temperature (24 

± 2 ºC, 20 min) and supernatant was 

removed by centrifugation at the end of 

the time. Then this process was repeated 

once more. The fixed cells were dripped 

onto clean cold slides. Dried slides were 

stained with 5% Giemsa and the slides 

were cover slipped for microscopic 

evaluation. With this way, permanent 

slides were prepared. 

In order to detect chromosome 

aberrations, were calculated by 

examining 100 metaphases for each rat 

and 600 metaphases for each group. To 

determine the mitotic index (MI), 3.000 

cells per rat and 18.000 cells per group 

were assessed. 

Total oxidant and antioxidant level 

testing was performed using peripheral 

blood se- rum. Blood was put in the 

tubes, centrifuged at 3.000 rpm for 10 

min and serum was stored. TOS and TAS 

values were determined using 

commercial kits (Rel assay, Turkey). 

Calculation of the TOS values is based 

on the oxidation of the divalent iron 

(Fe+2). Existing oxidants oxidize divalent 

iron (ferrous ion = Fe+2) to trivalent iron 

(ferric ion = Fe+3). The ferric ion forms a 

coloured complex with the chromium in 

an acidic medium. This colour intensity, 

which is proportional to the amount of 

oxidizing molecules present in the 

sample, is measured 

spectrophotometrically. The test is 

calibrated with hydrogen peroxide and the 

results are expressed in micromolar 

hydrogen peroxide equivalent (μmol 

equivalent H2O2 / L) per liter (23). 

Determination of TAS values is based on 

the principle that ABTS (2, 2'-Azino-bis 

(3-ethylbenzothiazoline-6-sulfonic acid) 

radical cation is bleached by antioxidants. 

The results are expressed as mmol Trolox 

equivalents / L (24). 

Oxidative stress index (OSI) was 

determined using the obtained TOS and 

TAS values. OSI is calculated by using the 

following formula: 

OSI = TOS / TAS (25-27). 

All values were presented as mean ± 

standard error (SE). Shapiro-Wilk test was 

used to check normal distribution of the 

data. One-way variance analysis 

(ANOVA) and post hoc Dunnett test 

were performed using SPSS software. In 

comparisons, p≤0.05 was considered 

significant. 

 
Result 

Genotoxic Effects of Hypericum 

perforatum 

In this study, it was found that any 

concentrations did not significantly 

increased abnormal cell ratios compared 

to the negative control group. Also, these 

levels were significantly lower compared 

to the test group 2 (P<0.001). It was 

observed that H. perforatum had a 

tendency to reduce the abnormal cell 

percentage and that effect was mostly 

apparent in 100 mg/kg treatment group 

administered with H. perforatum alone 

(Table 1). Abnormal cell percentage 

determined in groups in which H. 

perforatum and N-nitrosodiethylamine 

and triclosan were given together was 
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higher than negative control However, 

all detected abnormalities were 

significantly lower than the test group 2 

(P<0.001). In this study, it was observed 

that as H. perforatum concentrations 

increased, abnormal cell ratios were 

decreased accordingly. Finally, the 

lowest value of abnormal cell  

percentage in test group 2 was found at 

the highest concentration (500 mg/ kg) of 

H. perforatum. It was observed that these 

treatments (20, 100 or 500 mg / kg) of H. 

perforatum reduced the percentage of 

abnormal cells caused by the positive 

control (DEN+T) (Table1). 

 

Table 1: Abnormal Cell Percentage, CA/Cell Ratio and Mitotic Index. 

Test Sub- 

stance 

Treatment 

period 

(day) 

Cons. 

mg/kg b.w. 

Abnormal Cell 

Percantage ± 

SEb 

 

CA/Cell Ratio ± SE 

 

MI ± SE 

Negative 

Control 
- 0 0.333 ± 0.211 0.0033 ± 0.0021 2.61 ± 0.11 

Positive 

Controla 
30 200 e 5.167 ± 0.601 0.0567 ± 0.0056 3.36 ± 0.40 

Test 

Group 1 

 20 0.333 ± 0.211 0.0033 ± 0,0021 2.94 ± 0.37 

30 100 0,167 ± 0.167 0.0017 ± 0,0017 4.55 ± 0.22 c 

  500 0.333 ± 0.211 0.0033 ± 0,0021 5.91 ± 0.47 c 

Test 

Group 2 

 20 + 200 e 2.167 ± 0.401 d 0.0250 ± 0,0056 d 6.22 ± 0.22 d 

30 100 + 200 e 1.000 ± 0.000 d 0.0125 ±0.0025 d 7.45 ± 0.07 d 

  500 + 200 e 0.833 ± 0.307 d 0.0083 ± 0.0031 d 6.50 ± 0.35 d 

a Positive control: Triclosan + N-nitrosodiethylamine 
b SE: Standart error 
c comparison with negative control is very important (p≤0.001) 
d comparison with positive control is very important (p≤0.001) 
e 0.09 mg / kg triclosan were given to rats with food once every 3 days. 

 

 
 

Cytotoxic Effects of Hypericum 

perforatum 

The increase in cell proliferation at all 

concentrations of H. perforatum has 

manifested itself as an increase in mitotic 

index. In the group administered with H. 

perforatum alone, the mitotic index, at the 

highest concentration of H. perforatum, 

was found to be significantly higher than 

the negative control and positive control 

(P ≤ 0.001). In the test group 2, the mitotic 

index was found to be statistically 

significantly higher than positive control 

(P ≤ 0.001). It has been determined that 

the H. perforatum showed a synergistic 

effect when administered with DEN + T 

(Table 1). In the literature, it is pointed out 

that H. perforatum had cytotoxic effects in 

most of the in vitro studies (28, 29). In 

contrast, in our study, we found that H. 

perforatum extract had proliferative effect 

in vivo. From this point of view, our 

study is the first to show that H. 

perforatum extract promotes cell 

division. For this reason, we believe that 

this property of H. perforatum should be 

supported by additional in vivo studies. 

Total Oxidant and Antioxidant Capacity of 

Hypericum Perforatum 

Total oxidant (TOS) and total antioxidant 

values (TAS) were measured 

spectrophotometrically in rat blood serum 
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in order to detect the oxidative effects. 

Only one group (100 mg / kg) had 

significantly lower total oxidant level than 

the control groups (p<0.01). In the test 

group 2, total oxidant levels showed 

significant reductions (except 100 mg/kg 

concentration) (Table 2). Total antioxidant 

levels were found to be reduced only in 

group administered with 500 mg/kg H. 

perforatum + positive control (DEN and 

triclosan) compared to positive control 

alone (DEN and triclosan) (Table 2). As a 

result, it was found that 100 mg/kg H. 

perforatum decreased the oxidative stress 

in comparison with the negative control 

group (Table 2). 

 

Table 2: Total Oxidant and Total Antioxidant in Rat Peripheral Blood Lymphocytes Treated with 

Hypericum Perforatum Extract at Different Concentrations 

Test Sub- 

stance 

Treatment 

period 

(day) 

Cons. 

mg/kg bw 
TOS ± SEb TAS ± SE OSI ± SE 

Negative 

Control 
- 0 33.79 ± 4.27 1.51 ± 0.08 21.97 ± 1.73 

Positive 

Control a 
30 200 I 26.57 ± 3.73 1.63 ± 0.07 16.22 ± 2.09 

  20 42.04 ± 5.75 1.73 ± 0.10 23.79 ± 1.85 h 

Test Group 1 30 100 18.19 ± 1.16 d 1.58 ± 0.04 11.53 ± 0.64 e 

  500 37.26 ± 2.92 1.68 ± 0.05 22.06 ± 1.38 h 
  20 + 200 i 16.76 ± 1.50 g 1.53 ± 0.04 11.02 ± 1.11 c 

Test Group 2 30 100 + 200 i 23.43 ± 3.15 1.59 ± 0.09 14.55 ± 1.45 d 
  500 + 200 i 20.36 ± 1.47 f 1.40 ± 0.05 g 14.54 ± 0.71 d 

a Positive control: Triclosan + N-nitrosodiethylamine 
b SE: Standart error 
c comparison with negative control is little important (p≤0.05) 
d comparison with negative control is important (p≤0.01) 
e comparison with negative control is very important (p≤0.001) 
f comparison with positive control is little important (p≤0.05) 
g comparison with positive control is important (p≤0.01) 
h comparison with positive control is very important (p≤0.001) 
i 0.09 mg / kg triclosan were given to rats with food once every 3 days. 

 

 

Discussion 

In our study, H. perforatum extract 

significantly reduced the frequency of 

chromosome aberrations induced by N- 

nitrosodiethylamine and triclosan in bone 

marrow cells of healthy rats. In 

chromosome aberration tests in mouse and 

chinese hamster bone marrow cells, 

aqueous methanolic extract of H. 

perforatum was found to have no 

significant mutagenic effect (9). Some 

phytotoxins present in H. perforatum 

(cyanogenic glycosides, solanine and 

chaconine, thujone, and glycyrrhizinic 

acid) react with many molecules including 

DNA resulting in toxic effects. One of 

these effects that cause tumor formation is 

genotoxic effect (30). In a different study, 

it has been shown that the non- 

photoactivated (non-phototacticized) 

hypericin did not exhibit mutagenic 

activity in the Ames test with or without 

metabolic activation and did not show any 

protective effect against 9-aminoacridine- 

induced mutagenicity. In analysis with 

yeast Saccharomyces Cerevisiae, 

hypericin did not increase the frequency of 

mitotic crossing-over or total aberrations 
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in the ade (2) locus. Hypericin, while not 

mutagenic in the Chlamydomonas 

reinhardtii, has reduced methyl methane 

sulfonate toxicity and mutagenesis to a 

small extent. In a chromosome aberration 

assay using three mammalian cell lines, 

hypericin did not alter the frequency of 

structural chromosome aberrations and 

resulted in no antioxidant effect in the 

DPPH radical sweep test (31). Similar to 

our findings, it has been reported that the 

water extract of H. perforatum showed 

protective effect against alkylating DNA 

damage induced by 

methylmethanesulfonate (MMS) and also 

sup- ported the repair of alkylated DNA 

damage (10). Resarchers have reported a 

similar result and it has been found that H. 

perforatum has anti-clastogenic effect 

against clastogenicity, which is caused by 

cytotox- ic and mutagenic effect of 

cyclophosphamide (CYP) in onion 

meristem cells and rat bone marrow cells 

(32). In the same study, pretreatment of H. 

perforatum decreased the damage of CYP 

up to 76%, concurrent treatment decreased 

95% and post-treatment decreased 97%. 

Antigenotoxic effect of H. perforatum on 

healthy cells is consistent with our 

findings. In summary, in the majority of 

genotoxicity studies conducted with the 

extract of H. perforatum, this agent 

appears to have a protective potential 

against genotoxic and mutagenic agents. 

According to the results of this study, H. 

perforatum extract shows a proliferative 

activity. In contrast to our findings, it has 

been shown that apoptosis was induced by 

hypericin in neoplastic human leukemia 

cell line and thus showed cytotoxic effect 

(28). In a similar study in which HepG2, 

HepaRG and WRL-68 cell lines were 

exposed to H. perforatum, hypericin and 

hyperphosphoric compounds at different 

 

concentrations for 24 or 72 hours, these 

substances were reported to be cytotoxic 

in the MTT assay (29). In another study, it 

was reported that H. perforatum extract 

showed neither cytotoxic effect in 

meristematic cells of Allium cepa L. nor 

cytotoxic/mutagenic effect in acute 

treatment of intraperitoneal or subchronic 

gavage in animal experiments (32). Based 

on our findings and the literature, these 

results indicate that the bioactive 

components of H. perforatum show 

cytotoxic effect on neoplastic cell lines, 

but do not show such an effect on healthy 

cells and even proliferative effect. 

Our results suggest that although H. 

perforatum extract showed no significant 

preventive effect on the oxidative stress 

induced in the blood serum of rats, 100 

mg / kg concentration of H. perforatum 

extract caused significant reduction in 

total oxidant status and therefore 

decreased the oxidative stress level. On 

the other hand, in parallel with our 

findings, it has been found that H. 

perforatum extract was effective against 

apoptosis induced by hydrogen peroxide 

in PC12 cells (cell line derived from 

mouse adrenal medulla 

phaeochromocytoma) and standard 

extracts of H. perforatum may prevent 

DNA breakdown and cell shrinkage 

resulting from hydrogen peroxide activity 

(33). In another study, a flavonoid rich 

extract of H. perforatum was able to 

effectively treat oxidative stress related 

neurodegenerative disorders like 

Alzheimer's and Parkinson's disease (34). 

Moreover, the ability of H. perforatum 

extract to reduce oxaliplatin induced 

caspase-3 activity in rat astrocytes was 

evaluated. The extract showed a 

significant antioxidant effect and could 

reduce caspase-3 activity in rat astrocytes 
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(35). In our in vivo study, 100 mg/kg H. 

perforatum extract showed antioxidant 

effect. 

 

Conclusion 

On the basis of the data obtained in this 

study, H. perforatum extract was not 

found to have genotoxic potential. 

Moreover, it has also been found that this 

extract had a pronounced antigenotoxic 

effect. Contrary to the studies in the 

literature, our findings also pointed 

toward a proliferative feature of H. 

perforatum. As a result, considering the 

antigenotoxic and cell division promoting 

effects of H. perforatum, we are of the 

opinion that H. perforatum is an effective 

agent that can be used in many areas. 
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