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ABSTRACT: 

 “Bergenia ligulata” is a member of “Saxifragaceae” family. It is commonly known as Pashanabheda (pashana means 

stone and Bheda means break). Bergenia are of three types Bergenia ciliata, Bergenia ligulata, Bergenia stracheyi. The 

whole plant and rhizomes of Bergenia ligulata  are used to dissolve kidney and bladder stones.  Bergenia ligulata has 

been used as an Ayurvedic medicine from centuries. Bergenia ligulata has a primary phenolic compound called Bergenin 

and it also contains other phenolic chemicals.  The present study was conducted to evaluate the genotoxicity of Bergenia  

ligulata by comet assay. Fresh leaves of Bergenia ligulata were collected and washed thoroughly and made into powder. 

Aqueous, Chloroform and Methanol extracts were prepared from this powder and used to find out the genotoxicity of 

Bergenia ligulata by comet assay method. Lymphocytes were extracted from human blood and used as a sample for testing. 

Comet Assay or Single cell gel electrophoresis is a method used for measuring DNA damage. By the tail length we can 

measure the degree of DNA damage. Both aqueous and methanol extracts at 750µg/ml and 1000μg/ml showed necrosis 

(Cell death) whereas the chloroform extract did not show much necrosis. Among the three extracts the aqueous and 

methanol extracts showed more genotoxicity than compared to chloroform extract. Results conclude the plant Bergenia 

ligulata was found to be genotoxic in nature.  

Key Words: Bergenia ligulata; genotoxicity; comet assay; Single cell gel electrophoresis ; Extracts;  

 INTRODUCTION : 

1.1 Genotoxicity   

In genetics, "genotoxicity" means  the damaging effect on a cell's genetic material (DNA, RNA).  

Genotoxin   has the ability to cause genotoxicity. “Herman Druckrey” was the first person who used the term genotoxic in a 

meeting in Sweden. A  genotoxin is a chemical or substance that has the potential to damage DNA or chromosomes.  

Genotoxins can be carcinogens (agents that cause cancer), mutagens (agents that cause mutations), or teratogens (agents that 

cause birth defects). Radiation and chemical genotoxins are both examples of genotoxins. Genotoxic chemicals have been shown 

to be mutagenic or carcinogenic in the past. Exposure to exogenous chemicals or substances can induce DNA damage or 

genotoxicity in humans.  Genotoxins can have three basic effects on organisms via changing their genetic information. Genetic 

information can be replicated, erased or mutated in a variety of ways. In the vast majority of cases, genotoxicity causes mutations 

in diverse cells and body systems. Mutations can cause a slew of other issues, ranging from cancer to a range of ailments. It is 

crucial to distinguish between genotoxicity and mutagenicity. In most countries, genotoxicity testing is an important part of 

regulatory toxicity evaluation, because no single test can detect all relevant genotoxic endpoints, regulatory authorities 

recommend a battery of in vitro and in vivo genotoxicity assays. Genotoxicity assays are typically used to find extracts or 

compounds that can interact with nucleic acids at low quantities. Genotoxicity tests are frequently used to detect DNA damage. 

DNA damage can be caused by genotoxic agents that harm DNA directly or indirectly. One or both strands of DNA are broken as 

a result of this damage. Breaking rates are influenced by a variety of parameters, including cell age, cell line type, and 

extracellular stimuli. Various procedures, strategies, and approaches have been developed during the last 30 years to examine 

substances that may have genotoxic and/or carcinogenic effects. These methods were developed based on studies that showed a 
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link between carcinogenicity and mutagenicity, as well as a link between the two parameters.  

Toxicological assessments of all therapeutic plants are necessary to ensure their safety. Because medicinal plants are widely 

utilised in folk medicine and as a resource for the development of novel medications, it is critical to quantify genotoxicity during 

the preclinical evaluation of herbal extracts/substances in order to validate their mutagenic potential for both safety and economic 

reasons. These tests, on the other hand, can discover plant extracts that have a genotoxic antagonistic impact. In recent years, 

genotoxicity testing has moved closer to the beginning of the medication development process in order to uncover genotoxic 

concerns as soon as possible. Highlighting possible mutations and abnormalities is critical in a genotoxic study to measure DNA 

damage. Physical, chemical, and biological factors can interact with DNA, causing cancer-causing mutations. As a result, 

regulatory agencies demand genotoxic tests to assess the potential risk of cancer. The comet assay (CA) and micronucleus assay 

(MNA) are the most widely used of these tests.  

1.1.1 Purpose for genotoxicity:   

•To examine the safety and efficacy of novel chemical entities before they are released onto the market.   

•To identify the cause of heritable effects on germ cells and not to put future generations at danger.  

•To detect the hazard identification with respect to DNA damage in the form of structural chromosomal aberration, gene mutation, 

recombination, and numerical changes.   

•To give a quantitative estimate of the contribution of chemical agents to the incidence of genetic diseases and risk 

characterization for cancer.  

1.1.2 Purpose for genotoxicity test:  

•Early detection of a drug's potential for genotoxicity is possible via assays.  

•Assays that are more sensitive to damage in order to hazard detection.   

•Assays are inexpensive, have high statistical power, are generally repeatable, and detect a variety of genotoxic end-points.  

1.1.3 Uses for genotoxicity tests:  

•In-vivo and in-vitro genotoxicity studies can be performed to determine how effective a compound is in directly or indirectly 

inducing mutations, as well as provide a warning about the compound's potential carcinogenicity.  

•To Reveal the molecular mechanism underlying the chemicals genotoxic and carcinogenic effects.  

•Monitor the diseases and effectiveness of clinical treatments  

•Develop laws based on international and national guidelines for cosmetic, medical, and industrial chemicals.  

•With the imminent development of high throughput comet assay technologies and completely automated comet analysis, their 

use in genotoxicity assessment of substances and human biomonitoring appears to be growing.  

1.2 Comet assay   

 The study of gene damage caused by chemical or physical factors is known as Genetic toxicology. DNA that is not repaired in a 

timely and right manner causes mutations in the DNA sequence. The comet assay
2
 is one of the well-known techniques in genetic 

toxicology. Single-cell gel electrophoresis is another name for the comet assay. Ostling & Johansson introduced it first in the year 

1984, and Singh et al. updated it in the year 1988. In the year 1988, an alkaline version of the Comet assay was produced, and it is 

today the most widely used and approved method for detecting single and double stranded breaks. On March 25–26, 1999, at the 

International Workshop on Genotoxicity Test Procedures (IWGTP) in Washington, DC, an expert panel met to develop guidelines 

for the use of the single-cell gel (SCG)/Comet test.   
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The comet assay is a gel electrophoresis-based method for measuring DNA damage in single eukaryotic cells. It is adaptable, very 

straightforward to execute, and sensitive method. The assay is based on the migration of negatively charged low molecular weight 

DNA fragments towards the anode during electrophoresis, leaving a trail that resembles a comet's tail. The cell membrane, 

cytoplasm, and nucleoplasm, including nucleosomes, are removed by treating cells with a hypertonic lysis solution and a 

non-ionic detergent. When exposed to electrophoresis, the damaged DNA in the residual nucleoid mass migrates towards the 

anode, forming a comet-like shape. The length of this tail indicates the degree of the  DNA damage.   

In comet assay, the comet refers to a common pattern of DNA (Deoxyribonucleic acid) that basically flow through the 

cataphoresis gel
15

.  It appears to be an extraterrestrial craft. The gel approach can be used to visualise the effects of a genotoxic 

assault. DNA strand breaks are usually analyzed through electrophoresis.  Damaged DNA migrates more slowly than unaffected 

DNA. DNA was destroyed during electrophoresis. When the single cell suspension has damaged DNA in the comet assay. The 

DNA that has been damaged migrates away from DNA that has not been damaged when the damaged DNA-containing single cell 

solution embedded in low melting agarose is electrophoresed in the comet experiment, the DNA that has been damaged migrates 

away from DNA that has not been damaged. Having a nucleoid body, similar to the structure of a nucleoid comet. The DNA in the 

comet structure is intact. The nucleoid part refers to the "head" and "tail" of the nucleoid. Although most studies rely on its ability 

to detect DNA single-strand breaks, it can also detect DNA double-strand breaks, cross-links, base damage, and apoptotic nuclei 

with some adjustments. This test can also be used to investigate DNA damage and repair in single-cell suspensions from yeast, 

protozoa, plants, invertebrates, and mammals. The comet test was originally created to detect variance in DNA damage and repair 

capacity within a population of mammalian cells, but it now has uses ranging from human and sentinel animal bio-monitoring to 

evaluation of DNA damage and repair capacity. However, when compared to other procedures for assessing DNA damage in 

tissues (such as the alkaline elution method), the comet test has the benefit of assessing DNA damage at the cell. Thus, the 

particular picture of dead or dying cells on microscope slides can be used to identify them. Comets with small or non-existent 

heads and vast, dispersed tails, sometimes known as 'hedgehogs,' 'ghost cells,' 'clouds,' or 'non-detectable cell nuclei, might 

emerge from necrotic or apoptotic cells (NDCN).  

1.2.1 Advantages and disadvantages of Comet assay:  

The SCG assay has a number of advantages over other genotoxicity tests, including its demonstrated sensitivity for identifying 

low levels of DNA damage, the demand for small numbers of cells per sample, flexibility, low prices, ease of application, and the 

short time it takes to conduct a study. The Comet Assay's main advantages include: (a) data collection at the individual cell level, 

allowing for more robust statistical analyses; (b) the requirement for a small number of cells per sample (10,000); (c) sensitivity 

for detecting DNA damage; and (d) For eco-genotoxicological studies and environmental monitoring, any eukaryote single cell 

population can be used in vitro and in vivo, including cells acquired from exposed human populations
6
. In regulatory 

geno-toxicological research, the importance of this assay has been recognised (Tice et al. 2000; Hartmann et al.), and there is a 

movement to replace some old assays (e.g. liver unscheduled DNA synthesis assay) with in vivo Comet assay. The comet assay 

has only a few limitations in terms of use and interpretation
3
. When sample intervals are insufficient, short-lived primary DNA 

lesions such as single strand breaks, which may undergo fast DNA repair, may be missed.  

1.2.2 Applications:  

In both environmental and medicinal science, the comet assay offers a wide range of uses. Biomonitoring of human populations 

for occupational/environmental exposure to genotoxic substances, assessment of DNA damage, antioxidant protective effects, and 

DNA repair capability in various diseases, including cancer, are all part of it. The alkaline comet assay's ability to detect a wide 

spectrum of lesions, including single and double-strand breaks, AP sites, and repair intermediates, has made it a go-to tool for risk 

assessment, early disease diagnosis, therapeutic monitoring, and prognosis in diseases. Apart from that, the comet assay is used to 

monitor medication toxicity, UV radiation injury, phototherapy-induced DNA injury, and the measurement of sperm DNA damage 

in male infertility, among other applications.  
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1.3 Medicinal plants  

In both Western and Asian cultures,the use of medicinal plants has expanded significantly in the recent decade, either as agents in 

traditional medicine (Harvey, 2000) or as source material for the manufacturing of nutritional supplements. Apart from that, these 

plants have played a vital role in the evolution of human societies around the globe.  Medicinal Plants have been an important 

part of our lives for a long time and they play an important function in human health and well-being making a contribution to the 

betterment of human.   

Ayurveda (Traditional Indian Medicine) is a 5000-year-old Indian health-care system. Ayurveda was practised during the Vedic 

period, according to ancient literatures. During the time of Charaka and Sushruta Samhita, around 700 plants were described. 

During the first millennium BC, as a result, it is widely used in various regions of the world as a medical system. The most 

common type of Traditional Medical System treatment is herbal. People have been using natural treatments to treat common 

problems like colds, allergies, upset stomachs, and toothaches for generations. Traditional medicine systems based on plants 

continue to play an important part in the health-care system. Herbal-based medicine, health goods, medicines, food supplements, 

nutraceuticals, and cosmetics are all in high demand around the world. Natural products account for more than half of all 

medications in clinical use in the twenty-first century.  

 During the previous three decades, up to 50% of approved herbal drugs have come from natural items such as plants, microbes, 

fungus, and animals. According to the World Health Organization (WHO), herbal medicines are used by 4 billion people (or 80% 

of the world's population) for some part of primary healthcare. Herbal medicine has been acknowledged by the World Health 

Organization as an important component of primary health care, with plants accounting for around 11 percent of the 252 

medicines available. It has been suggested that phytochemicals antioxidant properties can help to reduce oxidative stress in 

biological systems. Many human ailments, including as cardiovascular disease, hepato-renal disease, diabetes, cancer, and 

neurodegenerative disorders, have been reduced by phytochemical. Several herbal medications, on the other hand, are generated 

directly or indirectly from plants that are currently being used to treat a variety of human ailments. The use of plants for 

therapeutic reasons in India has been chronicled in ancient literature for a long time (Tulsidas, 1631: Samvat; Charak, Drdhbala, 

1996). Furthermore, the World Health Organization (WHO) estimates that 70–80 percent of the world's population relies only on 

herbs for primary health care. Medicinal plants have long been used to treat a variety of ailments in various historic traditional 

medical systems. Diabetes, malignancies, gastrointestinal diseases, cardiovascular, and urological disorders have all been 

successfully treated with medicinal plants . Plants continue to provide a low-cost source of pharmaceuticals for the bulk of the 

world's population (Kraisintu,   Herbal drugs are traditional medications that primarily treat patients. The majority of 

African-Americans use herbal or alternative medicine. It is estimated that 70-80% of patients in Africa are HIV positive.  

Traditional healers and herbalists treat the patients (Diallo et al.,) Furthermore, almost 40% of all drugs on the market today were 

developed directly or in-house directly from natural sources, with 25% coming from plants, 13% from microbes, and 2% from 

animals. However, the safety of these plants has recently been questioned due to fatalities (Ernst and Pittler, 2002). As a result, a 

thorough examination of their geno-, cyto-, and overall toxicity is required.  

Medicinal plants have a bright future since there are around half a million plants on the planet, most of which have not yet been 

studied for their medicinal properties, and their medical properties could be crucial in the treatment of current or future studies. In 

both developed and developing countries, ensuring the safety, quality, and efficacy of medical plants and herbal products has 

become a major concern. Medicinal plants have been used to treat and prevent diseases, including epidemics, for thousands of 

years. Despite advances in modern medicine, several new diseases have emerged in the last few decades. In order to address the 

developing issues in the healthcare system, Ayurveda must be integrated into the medical system for the management and 

treatment of different disease.  

1.4 Bergenia ligulata  

“Bergenia ligulata” is a plant belonging to the family “Saxifragaceae” (Saxifragaceae is a plant family that includes herbs and 

shrubs. There are around 80 genera and 1250 species in the family) and the genus Bergenia. Bergenia ligulata is commonly called 

as “Paashanbheda”.The Sanskrit name Pashanabheda refers to a collection of plants that have diuretic and antiurolithiatic 
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properties (Pashana = stone; Bheda = break). Bergenia is a popular folk medicine herb.  Bergenia species are evergreen herbs. 

Bergenia is a tiny genus of hardy perennials that can be found growing wild from Afghanistan to Tibet and the Himalayas. 

Bergenia has been used in Ayurvedic medicine for millennia. Bergenia are of three different types: Bergenia ligulata, Bergenia 

ciliata, and Bergenia stracheyi. Bergenia ligulata contains the primary phenolic ingredient 'Bergenin' (almost 0.9 percent) as well 

as modest amounts of other phenolic chemicals. Many beneficial chemical elements of Bergenia ligulata wall rhizome include 

Paashaanolactone, Arbutin, (+)-Afzelechin Bergenin, Catechin, and Minerals, Vitamins, Abumin, Glucose, Mucilage, Gallicin, 

Gallic acid, and Starch. Coumarin, Tannic acid, Gallic acid, Minerals, and Wax are all found in Bergenia ligulata seeds. Two 

flavonols, quercetin and kaempferol, as well as three rhamnosides, afzelin, and quercitrin, are found in the leaves. Alkaloids, 

glycosides, flavonoids, terpenoids, tannins, steroids, carbohydrates, and saponins were discovered in the root of Bergenia ligulata.  

 

                                              Fig 1: Whole plant of Bergenia ligulata  

Bergenia liglata is commonly used as a traditional medicine in South Asia, namely India and Pakistan, to cure urolithiasis. 

Urolithiasis is the third most prevalent urological condition, and it has a significant relapse rate. Because invasive urolithiasis 

treatments are costly and dangerous, the hunt for natural anti-urolithiatic medicines is critical. It has mostly been utilised as an 

antidiuretic and antilithotriptic medication
4
. Bergenia ligulata is also used to treat dysuria and strangury, as well as kidney and 

ureter stones. Bergenia rhizomes have been used in Ayurvedic formulations for centuries in India to dissolve kidney and bladder 

stones, abnormal leucorrhea, piles, and pulmonary disease ; In China, dry powder of Bergenia is often used to treat cough, stop 

bleeding, and (Lu and Wang,2003a).   

According to the literature, some Bergenia extracts have high clinical value; for example, the experimental results obtained by 

Sinha et al. (2001a) showed that it had a wide spectrum of concentration-dependent antibacterial activity; additionally, the 

experimental results obtained by Sinha et al. (2001b) showed that this kind of extracts had anti-inflammatory potentiality. 

Bergenia has diuretic and antibacterial properties, thus it can be used as a urine disinfectant. At the same time, it can stop Insulin 

from degrading.   

1.4.1 Uses of Bergenia ligulata:  

Bergenia ligulata   plants rhizomes are employed in the indigenous medicinal system. Rhizome is the portion of the plant that is 

utilized medicinally. Rhizome and other parts are used to treat urinary bladder stones, diuretic activity, anti-bradykinin activity, 

antipyretic activity, anti-bacterial, anti-inflammatory, hepatoprotective activity, insecticidal activity, α-glucosidase activity and 

antiviral activity
17

. The roots of Bergenia ligulata  have cooling, laxative, analgesic, abortifacient, and aphrodisiac properties, 

according to ethno-botanical and ethno-medicinal literature, ayurveda is used to treat vesicular calculi, urine discharges, 

prolonged uterine bleeding, bladder issues, dysentery, menorrhagia, splenic enlargement, and heart disease.  

It's also used to treat dysentery as an absorbent. When teething youngsters in Sind (Pakistan), the root is wiped down and honey is 

given to them. Earaches are treated using the juice from the leaves, which are mashed in a mortar. Root is used as a tonic, 

antiscorbutic, and in the treatment of ophthalmia, as well as fever, diarrhoea, and lung diseases. Bergenia ligulata dried roots have 

been used externally for cuts, boils, wounds, and burns in India; its oral infusion has been used to treat dysentery; and its 
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rootstock has been   

 used as a masticator by human adults. Human adults take a decoction of fresh B.ligulata roots orally to treat urinary disorders, 

stomach disorders, and urogenital complaints.  Consumption of Bergenia ligulata water-extract has been used to treat urogenital 

and kidney stone complaints since ancient times. Bergenia species have been used in Ayurvedic medicines for ages to dissolve 

bladder and kidney stones, as well as to treat piles, abnormal leucorrhea, and pulmonary infections.  

  

      Fig 2:  Leaves of Bergenia ligulata               Fig 3: Roots of Bergenia ligulata                  

 

Attempts to explore the identification, chemistry, pharmacology, and clinical investigations of Pashanbheda plants have been 

made throughout the previous decade. Bergenia ligulata has been claimed to have a variety of biological functions, and as a result, 

it has a long history of use. It's utilised as a tonic, antipyretic, and antidiabetic (alpha-glucosidase inhibitor). It is used as diuretic, 

hepatoprotective, alcoholic extracts of Bergenia ligulata demonstrated anticancer, antiprotozoal, diuretic, cardiovascular, 

antiscorbutic, antilithiatic, litholytic property, anti-inflammatory, action in rats in a dose dependent way. For maintaining/caring 

the skin around the eyes, an unique herbal combination containing Saxifraga ligulata (Bergenia ligulata) extract is being 

developed. Asian scientists' efforts between 2000 and 2008 to  identify natural antiviral compounds from the Asian plant 

Bergenia ligulata for the influenza virus. Bergenia ligulata is the main ingredient in Pashanbhed churna, which is made by Dave 

Ayurved Bhavan in Panvel, Mumbai. Bergenia ligulata is used to treat diuretic, diarrhoea, cough, pulmonary infection, and fever. 

Bergenia can be used in cosmetics because of its active component arbutin, which can whiten skin by preventing tyrosinase from 

producing melanin. (Guo et al., 2004). Bergenia currently has Cosmetic brightening has already been manufactured agent.  

TABLE 1:  Uses of Bergenia ligulata  published In Medical books  

S.NO  Book  Treatment  

Fig 4:  Rhizomes of   Bergenia ligulata   
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1.  

Ayurveda   Urinary problems, colds, hemorrhagic 

sickness, stomach distension and epilepsy  

  

2.  

  

Sushruta samhita   Kidney stones and Diabetes   

3.  
Charak samhita  Urinary problems and stones  

4.  
Unani  Kidney stones  

5.  

Chakradatta  Urinary  problems  and  kidney 

stones  

6.  
Rajnighantu   Urinary illness  

7.  
Bhavaprakash   Urinary bladder  

  

OBJECTIVES:    

The objectives of the present study are:  

• To prepare the plant extracts.  

• To evaluate the genotoxicity of Bergenia ligulata  by comet assay by Aqueous, chloroform and methanol extracts.  

• To estimate the amount of DNA damage at different concentration. 

METHODOLOGY : 

3.1 Collection of plant material:  

Leaves of Bergenia ligulata was purchased from online and the collected plant material was dried and made into powder.  

 In this experiment three different extracts of Bergenia ligulata are tested for their genotoxic activity. They are Methanol Extract, 

Aqueous Extract, Chloroform Extract. The samples for the comet assay are prepared by using the procedure with these three 

extracts and then comet assay is conducted.  The fresh blood was taken and the lymphocytes were extracted from the blood. The 

extracted lymphocytes are used as samples for the testing.   

3.2 Isolation of Human Lymphocytes
16

:  

1. Firstly select a healthy donor and collect human blood. Then allow the blood to cool down at room temperature for 30 

minutes before going to the next procedure.  

2. Gently pipette out 3ml of room temperature ficoll into an 8ml polystyrene tube with a round bottom. Then take 3ml of 

blood and Gently pour on top of the ficoll. It is important to make  sure that the two reagents does not mix together.  

3. The tubes are Centrifuged at 500 X g at  room temperature for 45 minutes.  

4. The peripheral blood mononuclear cells (PBMC) has been separated from other blood components into the top cell layer 

after centrifugation. From the top down, this layer shows as the first cloudy band.  

5. Now Remove the clear yellow colored upper phase of the blood carefully above the PBMC layer and then by using a 

micropipette of P1000 transfer PBMC layer to a 15ml or 50ml conical tube.  
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6. Wash the PBMC layer twice with PBS, centrifuging cells at 500 x g for 5 minutes each time. The supernatant will be 

somewhat cloudy after every wash.  

Comet Assay required reagents:  

1. Agarose – separation of 500bp  

2. PBS  

3. Agarose low melt – separation     

4. Triton-X-100  

5. EDTA   

6. TBE buffer         

7. TE buffer       

8. Tris- HCl  

9. Ethidium Bromide  

10. Sodium chloride  

11. Distilled Water  

 

3.3 Preparation of Reagents:  

1. PBS for 1000ml:  gms of  a l,  . gms of disodium orthophosphate and  . gms of potassium dihydrogen phosphate 

were weighed and dissolved in    ml of distilled water and then made up to     ml.PH was ad usted to  . , filtered and 

stored at     c.  

2. LMA: To prepare 0.5% of LMA,   . mg of low melting agarose was mixed with   ml of P S and heated until near 

boiling to dissolve the agarose. The gel was stored in  ml aliquots at     c.  

3. NMA: To prepare 0.67% NMA, 16.7gms of agarose was taken and then it was  mixed with 25ml of PBS. The gel was 

heated until boiling to dissolve the agarose. The melted gel was stored in  ml aliquots at     c.  

4. Lysing Solution: The stock (890ml) was prepared by dissolving 146.1gm NaCl, 37.2gms EDTA and 1.2gms of Tris in 

700ml dsH2O and stirred. 10gms of sodium lauryl sarcosinate was added and the contents stirred again. To dissolve the 

contents 12gms of NaOH was added. Then the PH was adjusted to 10. The lysing stock solution was filtered and stored 

at room temperature. To prepare the working lysing solution 1%Triton-x-100 and 10% dimethyl sulphoxide (DMSO) 

were added to fresh stock solution and refrigerated 1 hour prior to use.  

5. Electrophoresis buffer (Alkaline):  To prepare 10N NaOH stock solution 200gms was dissolved in 500ml of dsH2O 

and preserved at room temperature in dark bottle. To prepare   ml (EDTA stock solution    .  gms of EDTA was 

dissolved in    ml of distilled water, filtered and preserved at     c. The PH of this solution is adjusted for the working 

buffer, which is made fresh before each run, 7.5ml of NaOH was mixed with 1.25ml of EDTA stock solution and the 

volume adjusted to 250ml with dsH2O (PH>13).  

6. Neutralizing buffer:  To prepare this solution, 14.55gms of Tris dissolved in 300ml dsH2O, filtered and PH was 

adjusted to 7.5. The solution was stored at     c.  

7. Fixing Solution:  To prepare 500ml of fixing solution, about 75gms of trichloro acetic acid, 25gms of zinc sulphate and 

25gms of glycerol were mixed in 500ml of dsH2O.  

8. Staining Solution:  

a. Staining solution (A): To prepare 500ml, 25gms Na2CO3 was dissolved in 500ml of dsH2O and stirred vigorously 

for 20-30mins.  

b. Staining Solution (B): This solution was prepared by mixing following  
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• 100mg ammonium nitrate  

• 100mg silver nitrate  

• 500mg tungstosilicic acid  

• 250µl formaldehyde in 500ml dsH2O.  The solution is stirred to dissolve the content.  

c. 32ml of ss (A) and 68ml of ss (B) [freshly made] 

 

                                               Fig 5: Staining solution A and B  

Comet assay protocol:  

 The Comet assay is performed by using the following procedure:  

3.4 Preparation of Slides:  

1. First Layer: Dust free, plain slides were covered a layer of 140 µl of 0.67% NMA and allowed to dry for 10mins in hot 

air oven. This layer serves as an anchor for additional layers to prevent slippage.  

2. Second Layer: About 110 µl of NMA was layered as second layer and was immediately covered with cover slip and was 

kept at     c for 10mins.  

3. Third Layer: 20 µl of blood sample (Approximately 1000-5000 cells) was mixed with 110 µl of warm LMA and 

mixture was layered as third additional layer and gelled for 10 minutes at  c  .  

4. Lysing: After fourth layer of gel was set, the slides were treated overnight in freshly prepared chilled lysing buffer 

solution at    c with this treatment the cell membrane and nuclear membrane were lysed and the majorities of proteins 

were removed to expose the nucleosides.  

5. Alkali treatment: The slides were then removed from the lysing solution, drained and placed in a horizontal 

electrophoresis tank side by side avoiding spaces and with agarose end facing the anode. The tank was filled carefully 

with fresh electrophoresis buffer to a level approximately 0.25cms above the slides. The slides were left in the high PH 

(PH>13) buffer for 20mins to allow unwinding DNA and expression of alkali labile site before electrophoresis.  

6. Electrophoresis: Electrophoresis was carried out at room temperature for 40mins at 3000mA, 20 V.  

7. Neutralizing: After electrophoresis, the slides were flooded 3 times gently with chilled neutralizing solution (Tris PH 

7.5) to remove the traces of detergent for 5 minutes and alkali which would otherwise interfere with staining the slides 

were washed thrice with distilled water, air dried.  

8. Silver staining: The slides were silver stained by the method of Ahiya and Saran 1999. Briefly air dried slides were 

immersed in the fixing solution for 10mins and washed gently with distilled water several times. The washed slides were 

allowed to air dry for about 1hour before staining. 68ml of ss (B) was mixed with 32ml of ss (A) and poured over the 
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dried slides so as to cover the slide uniformly. This step was repeated with a fresh mix of ss until a grayish/brakish silver 

color developed on the slides. No need of stopping solution.  

9. Analysis: The assay has the ability to detect differenced between cells in their susceptibility to DNA damage and their 

subsequent repair response which may vary with their proliferative or differentiative status. Hundred consecutive cells 

(50 cells from each end of slide) were manually selected and quantified with, which also determined the olive tail 

moment parameter.  

 [(Tail mean-head mean) (% tail DNA /100)]   used to quantify DNA damage. The head of comet in the nucleus of the cell and 

the tail of the comet is damaged DNA that has been liberated from the nucleus by electrophoresis. The tail mean is the tail DNA 

intensity subtracted from background intensity, the head mean is the head DNA intensity subtracted from background intensity 

and percentage of tail DNA is the fraction of DNA that has migrated from the head. The difference between the tail mean and 

head mean represents the difference in the distance between center of gravity of DNA distribution in comet head and center of 

gravity of DNA distribution in comet tail.  

(S.Nandhankumar,2011).  

 

4. RESULTS : 

Fresh leaves of Bergenia  ligulata were collected and washed thoroughly with water and were made into powder after complete 

drying. From this Powder three different extracts were prepared; Aqueous extract, Chloroform extract and Methanol extract. The 

fresh blood was taken and the lymphocytes were extracted from the blood. The extracted lymphocytes were used as samples for 

the testing. Genotoxic nature was tested by treating the samples with Aqueous extract, Chloroform extract and Methanol extract 

of  Bergenia ligulata at different concentrations    μg/ml,    µg/ml,    µg/ml and     μg/ml by using comet assay or single 

cell gel electrophoresis method. The comet assay is a method used for measuring DNA damage. During electrophoresis negatively 

charged low molecular DNA fragments move towards anode forming a comet like shape. The length of the tail indicates the 

degree of DNA damage. The  Bergenia  extracts were tested for the genotoxicity by comet assay and from the tail length the 

DNA damage was calculated as mentioned below.  

TABLE 2: Microscopic examination Tail length results of Aqueous extract  

S.NO  Concentration  Cell count  Tail length+/-  

SD  

P value  

1.  200ug/ml  100  3+/- 0.14  0.0030  

2.  500ug/ml  100  14+/- 2.1  0.0007  

3.  750ug/ml  100  Necrotic cells  NA*  

4.  1000ug/ml  100  Necrotic cells  NA*  

              *NA – Not applicable  

TABLE 3: Calculation of P value for aqueous extract  

Extract  Concentration  Mean  
Standard 

Deviation  

N  

(Number of 

cells)  

Control 

value  

  

P value  

Aqueous 

extract  
   μg/ml  3  0.14  3  

2.4/-  

0.08  
0.0030  
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     μg/ml  14  2.1  3  
2.4/-  

0.08  
0.0007  

  750µg/ml  -    -    -    -    NA  

      μg/ml  -    -    -    -    NA  

  

                      TABLE 4: Microscopic examination Tail length results of Chloroform Extract 

S.NO  Concentration  Cell count  Tail length+/-  

SD  

P value  

1.  200ug/ml  100  4+/- 0.1  0.0001  

2.  500ug/ml  100  5+/- 0.12  0.0001  

3.  750ug/ml  100  8+/- 0.9  0.0004  

4.  1000ug/ml  100  11+/- 0.19  0.0001  

 

TABLE 5: Calculation of P value for Chloroform extract  

Extract  Concentration  Mean  
Standard 

Deviation  

N  

(Number 

of cells)  

  

Control 

value  

  

P value  

Chloroform 

extract 

 

 

 

200µg/ml  4  0.1  3  
2.4/-  

0.08  
0.0001  

   μg/ml  5  0.12  3  
2.4/-  

0.08  
0.0001  

750µg/ml  8  0.8  3  
2.4/-  

0.08  
0.0004  

    μg/ml  11  0.19  3  
2.4/-  

0.08  
0.0001  

   

TABLE 6: Microscopic examination tail length results of Methanol Extract  

S.NO  Concentration  Cell count  Tail length+/-  

SD  

P value  

1.  200ug/ml  100  4+/- 0.5  0.0054  

2.  500ug/ml  100  16+/- 1.5  0.0001  

3.  750ug/ml  100  Necrotic cells  NA  

4.  1000ug/ml  100  Necrotic cells  NA*  
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*NA – Not applicable   

TABLE 7: Calculation of P value for Methanol extract  

Extract  Concentration  Mean  
Standard 

Deviation  

N (Number 

of cells)  

Control 

value  
P value  

Methanol 

extract 

 

 

 

   μg/ml  4  0.5  3  
2.4+/-  

0.08  
0.0054  

   μg/ml  16  1.5  3  
2.4+/-  

0.08  
0.0001  

750µg/ml  -  -  -  
2.4+/-  

0.08  
NA  

    μg/ml  -    -    -    
2.4+/-  

0.08  
NA  

       

  

            Fig 6: Slides layered with NMA, LMA           Fig7:Slideslayered with Human lymphocytes  

  

 Fig 8: Slides treated with lysing buffer solution
   

Fig 9: Running of electrophoresis at 300mA, 20V  
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Fig 10: Staining the slides with staining solution                            Fig 11: Necrotic cells   

  

Fig 12: Microscopic view of a) Necrotic cells b) Comet tail length c) Normal cells  

 

The aqueous extract of Bergenia ligulata at concentration    μg/ml the tail length was found to be biologically significant   

DNA damage with a P value of 0.0030(P<0.05). At    μg/ml the tail length was found to be biologically significant D A 

damage with a P value of  .     (P< .   . Whereas at concentration    µg/ml and     μg/ml it was showing  ecrosis 

(Cell death). But when compared to chloroform extracts of Bergenia ligulata at all concentrations the tail length was found to 

be biologically significant indicating D A damage at    μg/ml,    µg/ml,   µg/ml and     μg/ml (P< .   . Whereas for 

Methanol extract at concentration    μg/ml the tail length was found to be biologically significant DNA damage with a P 

value of  .     (P< .   . At    μg/ml the tail length was found to be biologically significant showing D A damage with a 

P value of 0.0001 (P<0.05).  

Whereas at concentration    µg/ml and     μg/ml it is showing  ecrosis (Cell death). In all the three extracts there is 

increase in the tail length. The increased tail length indicates that DNA damage is more and the damage is increasing 

depending upon the concentrations. All the three extracts showed genotoxicity. Among the three extracts Aqueous and 

methanol extract showed more genotoxicity than compared to Chloroform extract. By this experiment it is known that 

Bergenia ligulata was found to be genotoxic in nature.  

DISCUSSION   

Results obtained from Saroj Arora, et .al reported genotoxic evaluation of extracts from three different medicinal plants 

namely Acacia nilotica,  Juglans regia  and Terminalia Chubula. The test they used for the evaluation of the extracts is 

comet assay. They observed that for Acacia nilotica extract at concentration 2500ppm showed statistical significant DNA 

damage using comet assay test.  At Concentration above 250ppm and more for extracts of juglans regia showed significant 
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damage. At concentration above 500ppm of Terminalia chebala showed significantly increase in DNA damage. This 

concentration is not considered because in alkaline comet assay DNA damage may not be permanent and might cause 

mutations.   

Ana Mariel Mohamed et al. performed experiments on medicinal plants by comet assay and evaluated their genotoxic levels. 

Genotoxicity of three different aqueous extracts were used to evaluate by comet assay. Acacia cavens (espinillo), Acacia 

furcatispina (garabato) and Prosopis torquata (tintitaco) are the 3 different plants used.. Different concentrations were used 

for each extract.. At concentration 0.1mg/ml and 10mg/ml the Acacia cavens showed no DNA damage but at 20mg/ml 

showed significant differences DNA damage on human blood lymphocyte( P<0.05). For Acacia furcatispina, concentrations 

0.1mg/ml and 10mg/ml did not show genotoxicity but at 20mg/ml it showed moderate level damage. For Prosopis torquata 

plant extract showed strong DNA damage. It was found to be genotoxic at all the 3 concentrations.  

M.J.B. Sousa et al. performed on genotoxic effect of different concentrations of Brosimum gaudichaudii, Caesalpinia ferrea 

and Astyanax sp. using comet assay. They reported that in Caesalpinia ferrea the tail migration of DNA has increased 

significantly and olive tail movement showed significantly increased in DNA damage. They reported that they cannot 

conclude that brosimum gaudichaudii extracts are not genotoxic because in their experiment they did not know the DNA 

damage because at concentration 20mg/l it was seems to increase the genotoxicity.   

C. M. Mattana et al. used Comet Assay / single gel electrophoresis and evaluated the genotoxicity of Acacia aroma of two 

different extracts hot aqueous extract (HAE) and ethanolic extract (EE) and reported that Hot aqueous extract (HAE) at 1 to 

20mg/ml showed no significant genotoxic effect (No DNA damage) At 20mg/ml the ethanolic extract (EE) showed moderate 

DNA damage showing increase in the DNA percentage. By this experiment they came to conclusion that the aqueous and 

ethanolic extracts of Acacia aroma at concentration below 5mg/ml assured the safety of the cells and the genomic level. 

Whereas compared to the present research among the three extracts aqueous and methanol extracts showed more 

genotoxicity than compared to chloroform extract. The leaves of plant Bergenia ligulata was found to be genotoxic in nature.     

CONCLUSION : 

• Comet assay has been widely used for testing genotoxicity in both invivo and in-vitro.  

• The present study has evaluated the genotoxicity of Bergenia ligulata leaves by comet assay successfully.  

• The three extracts (aqueous, chloroform and methanol) showed genotoxicity at different concentrations (200µg/ml, 

500µg/ml,750µg/ml and 1000µ/ml). In  both Aqueous and Methanol extracts necrosis (Cell death) was observed at 

   µg/ml and     μg/ml.  

• Among the three extracts aqueous and methanol extracts showed more genotoxicity than compared to chloroform 

extract.  

• The results obtained demonstrates  that Bergenia ligulata is genotoxic in nature.  

• The present study can be used for further studies for genotoxicity testing.  

• Bergenia ligulata is used to dissolve bladder and kidney stones but when administered in high concentrations  it may 

cause toxicity to the cell.   

• Further elaborate studies are required to understand safe dose of the extract for attaining medicinal benefits from 

Bergenia ligulata.  
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