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Introduction

Heavy Metals have been reported to cause 

various ailments in living organism. The toxicity of 
heavy metals depends on several factors, including the 
concentration of the metal, the duration of exposure, 
and the route of exposure. For example, inhaling 
airborne particles containing heavy metals can be 
particularly harmful, as they can easily enter the lungs 
and blood stream. One of the main mechanisms by 
which heavy metals exert their toxicity is through the 
generation of reactive oxygen species (ROS). ROS can 
damage cellular structures such as DNA, lipids, and 
proteins, leading to oxidative stress and inflammation. 
This can contribute to a range of adverse health effects, 
including neurotoxicity, cardiovascular disease, and 
cancer. It is important to reduce exposure to heavy 
metals, this might include avoiding certain types of 
seafood that may be high in mercury, using water 
filtration systems to reduce heavy metal contamination 

in drinking water, and avoiding contact with 
contaminated soil or dust. In addition, maintaining a 
healthy lifestyle, including a balanced diet and regular 
exercise, can help to support your body's natural 
detoxification processes and reduce the risk of heavy 
metal toxicity (1). 

Arsenic is one of the most toxic heavy metals that 
can cause various health problems, including cancer, 
skin lesions, cardiovascular disease, and neurotoxicity. 
Cadmium exposure is associated with renal dysfunction, 
osteoporosis, and lung cancer. Mercury toxicity can lead 
to neurotoxicity, developmental delays, and kidney 
damage. Lead exposure i s associa ted wi th 
developmental delays in children, anemia, and 
neurological disorders. Chromium is toxic to the 
respiratory system and can cause lung cancer (2).

Heavy metals can also interfere with DNA repair 
mechanisms, leading to mutations and chromosomal 
aberrations. This can result in the development of 
cancer and other chronic diseases. Heavy metals may 
also affect the immune system, leading to an increased 
susceptibility to infections (3).

Prevention of heavy metal exposure requires a 
multi-faceted approach. This includes the regulation of 
industrial and agricultural practices that lead to heavy 
metal contamination, testing of water and food supplies 
for heavy metal contamination, and education of the 
public on the risks associated with heavy metal 
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exposure. Additionally, it is important to consume a 
healthy diet rich in antioxidants to mitigate the effects 
of oxidative stress.

In conclusion, heavy metal exposure can have 
detrimental effects on human health, and the public must 
take measures to limit their exposure to heavy metals. 
The understanding of the mechanisms of heavy metal 
toxicity is critical in developing effective strategies to 
prevent and treat heavy metal-related diseases (4).

Vaishvanara Churna, an Ayurvedic polyherbal 
Churna formulation, is prescribed by the Ayurvedic 
Physician for treating conditions, such as flatulence with 
gurgling sound (Adhmana), abdominal lump (Gulma), 
Duodenal ulcer (Parinamasula), Rheumatism (Amavata) 
and heart disease (Hrdroga) [1]. It contains five 
ingredients, Manimantha (Saindhava Lavana Active 
Pharmaceutical Ingredient (API)), Rock salt, Yamani 
(Yavani API), Trachyspermum ammi (L.) Sprague., 
Ajmoda API Trachyspermum roxburghianum (DC.) 
Wolf., Nagara (Sunthi API) Zingiber officinalis Rosc., 
Haritaki API Terminalia chebula Retz. mixed in quantity 
as mentioned in Table 2.

It is well known that there are number of toxic 
contaminants and residues that may cause harm to the 
consumers of herbal medicines. Heavy metals and 
microorganisms are considered important contaminants. 
Some contaminants used for cultivation of herbal drugs 
may percolate into the herbal drugs e.g. pesticides etc. It 
is also observed that heavy metals may absorb by plants 
in process of their vegetative growth. This is the reason; 
during the quality check, the heavy metals concentration 

needs to be checked. The risk of contamination can be 
reduced if the quality of herbal raw drugs verified before 
formulating them in finished goods products. Heavy 
metals such as lead, mercury, cadmium, and arsenic can 
be found in some Ayurvedic formulations due to their use 
in traditional preparations. However, these metals can 
have genotoxic effects on the body, meaning they can 
cause damage to DNA and potentially lead to cancer.

The presence of heavy metals in Ayurvedic 
formulations is a concern, particularly if the metals are 
present in high concentrations or if the products are used 
over an extended period of time. Some studies have 
reported that heavy metals in Ayurvedic products can 
cause liver damage, kidney damage, and neurological 
disorders (5).

To minimize the risk of genotoxicity due to heavy 
metals in Ayurvedic formulations, it is important to 
purchase products from reputable manufacturers who 
follow strict quality control measures. It is also essential 
to use these products in moderation and under the 
guidance of a qualified healthcare professional.

Additionally, regulatory agencies like the United 
States Food and Drug Administration (FDA) and the 
European Medicines Agency (EMA) have issued 
guidelines on heavy metal content in herbal medicines, 
including Ayurvedic formulations, to ensure their safety 
and quality. Consumers should be aware of these 
guidelines and choose products that comply with them.

Some of the countries prescribed the limits of 
heavy metals as depicted in Table 1 (5,6). 

Table 1: Examples of national limits for arsenic and toxic metals in herbal medicines and products 

  
In this study, the genotoxicity and cytotoxicity of 

the ayurvedic formulation was studied and its 
correlation with the data of heavy metals was evaluated 
(7).


Materials and Methods
The herbs used for the preparation of 

Vaishvanara Churna were procured from the local 
market of Ghaziabad. The individual herbs were 
authenticated by the Council of Scientific and Industrial 

Research-National Institute of Science, Communication 
and Information Resources (CSIR-NISCAIR) The 
voucher specimen of these ingredients were deposited 
in the Raw Material Herbarium and Museum, Delhi 
(RHMD) for future reference. All the chemicals used in 
the study were purchased from Merck. The standards of 
heavy metals were purchased from Merck. Vaisavanara 
churna was prepared in house as per the standard 
method of preparation available in the Ayurvedic 
Pharmacopoeia of India and mixed in quantities as 
mentioned in Table 2 (8).  

Arsenic 
(As)

Lead 
(Pb)

Cadmium 
(Cd)

Chromium 
(Cr)

Mercury 
(Hg)

Copper 
(Cu)

Total Toxic 
metals as Lead

For Herbal medicine
India 3 ppm 10 ppm 0.3 ppm - 1 ppm - -

Canada
Raw herbal material 5 ppm 10 ppm 0.3 ppm 2 ppm 0.2 ppm

Finished Herbal Products 0.01 mg/
day

0.02 mg/
day

0.006 mg/
day 0.02 mg/day 0.02 mg/

day - -

China Herbal Material 2 ppm 10 ppm 1 ppm - 0.5 ppm 20 ppm
Malaysia Finished herbal Products 5 mg/ kg 10 mg/kg 0.5 mg/kg
Republic 
of Korea Herbal Material 30 ppm

Singapore Finished Herbal Products 5 ppm 20 ppm 0.5 ppm 150 ppm

Thailand Herbal Material and 
Finished Herbal Products 4 ppm 10 ppm 0.3 ppm

WHO Recommendation 10 mg/kg 0.3 mg/kg
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Table 2- Formulation of Vaishvanara Churna

The Single Cell Gel Electrophoresis (Comet 
Assay) is the technique of identifying DNA damage. It is 
simple method of identifying the DNA damage of cells at 
high pH. The results appear as structures resembling 
comets observed by fluorescence microscopy and due to 
this reason, this technique is also called as Comet assay. 

The standard protocol given by Dhawan et al. was 
used with slight modification. Peripheral Blood 
Mononuclear Cells (PBMCs) were used to determine the 
genotoxicity caused by the aqueous extract of 
Vaishvanara Churna Formulation. The PBMCs cells 
were isolated as per the standard protocol mentioned by 
Dhawan et al. The brief description of the protocol 
followed for this study is given below-

A 0.5% low-melting-point agarose solution is 
prepared in phosphate-buffered saline (PBS) and kept at 
37°C. A cell suspension of the desired concentration, 
usually ranging between 1x10^4 and 1x10^5 cells/ml, is 
prepared in PBS. Equal volumes of the cell suspension 
and the 0.5% agarose solution are mixed together. Then, 
75 µl of the mixture is pipetted onto a pre-coated glass 
slide. The agarose-cell mixture is gently spread with a 
coverslip and allowed to solidify at 4°C for 10-15 
minutes. The coverslip is removed, and the slide is 
immersed in cold lysis solution (2.5 M NaCl, 100 mM 
EDTA, 10 mM Tris-HCl, 1% Triton X-100, and 10% 
DMSO, pH 10.0) for 1-2 hours at 4°C. Next, the slide is 
placed in an electrophoresis tank filled with cold 
electrophoresis buffer (300 mM NaOH, 1 mM EDTA, pH 
>13.0) and allowed to stand for 20 minutes to allow DNA 
unwinding. The slide is then electrophoresed for 20 
minutes at 25 V (0.7 V/cm) and 300 mA. To neutralize 
the DNA, the slide is rinsed three times for 5 minutes 
each in neutralization buffer (0.4 M Tris-HCl, pH 7.5). 
The slide is stained with a DNA-specific fluorescent dye, 
such as 80 µl of 1X ethidium bromide. Under a 
fluorescence microscope, the slide is examined, and 
images of the comets are captured using appropriate 
software. The images are then analyzed to determine the 
amount of DNA damage in individual cells, typically by 
measuring the length of the comet tail or the amount of 
DNA in the tail compared to the head. It is important to 
note that this protocol may need to be modified based on 
specific experimental conditions and cell types. However, 
following a standardized protocol like these helps ensure 
reliable results that can be compared across different 
studies. For the evaluation of DNA damage, stained DNA 
with ethidium bromide is observed using a fluorescence 
microscope with a 40x objective lens, such as the Nikon 
Inverted Microscope. For quantification of SCGE data, 
an image analysis system like ImageJ, linked to a CCD 
camera, is used to analyze DNA damage in the peripheral 
blood mononuclear cells (PBMCs). The damage was 

measured by measuring the length of tail formed during 
the migration of DNA and was compared with controlled 
cells (9). 
 
Determination of Heavy Metal Content in 
Vaishvanara Churna

The heavy metal content of the formulation was 
estimated by using ICP Mass Spectrometer, Model 
NexION 300X of Perkin Elmer. The Standard Protocol 
was followed for the estimation of heavy metals. The 
standards of heavy metals selected for the study were Cd, 
Pb, Cr, As, Ni, Cu, Co, Zn, Hg and purchased from 
Merck. The Chemical used in the Single Cell Gel 
Electrophoresis were purchased from Merck and 
Himedia (10-11).

Results and Discussion
Comet assay is a very simple and sensitive 

technique to identify genotoxicity and DNA damage and 
repair. The Comet Assay has many applications in 
Research and development like identification of radiation 
toxicity, effects of chemicals/pharmaceuticals/drugs on 
the cells etc. (12). 

The Heavy metals are also responsible for 
genotoxicity such as Cd and As are reported, the effect of 
contaminated land, water, and various pollutants on the 
ecosystem is well known to the scientists (13). In the 
present study, the effects of heavy metals and oxidizing 
agents on PBMCs were observed and presented. Heavy 
metals are available naturally but due to irresponsible 
activities of humans and other unnatural activities lead 
them to enter in the water bodies, air, soil and at present it 
has become a global issue. These are equally toxic to 
plants. (14)

Sathya et al., also tested some herbomineral 
ayurvedic preparations for genotoxicity due to traces of 
heavy metals using comet assay (15).

In the current study, the amount of Cd, Pb, Cr, As, 
Ni, Cu, Co, Zn, and Hg was found to be 0.005, 
0.875,0.008, 0.008, 0.599, 21.233, 0.003, 12.041, 0.003, 
and 0.001, 0.702, 0.054, 0.002, 0.604, 9.277, 0.004, 
0.331, 0.001 ppm respectively in Marketed formulation 
and In-house formulation of Vaishvanara Churna. All the 
values were found to be within limits as mentioned in 
Ayurvedic Pharmacopoeia. 

The results of single cell gel electrophoresis 
(Alkaline Comet Assay) showed that the Vaishvanara 
Churna is not toxic for Peripheral Blood Mononuclear 
Cells (PBMCs) as depicted in Figure1. Alkaline Comet 
Assay was evaluated with Open Comet Image J software 
and the results obtained are shown in Figure 2(17-20).


Sr. No. Common Name of Ingredients Ingredient Part Used Qty
1 Manimantha (Saindhava lavana API) Rock Salt - 20 g
2 Yamani (Yavani API) Trachyspermum ammi Fr. Dried Fruit 20 g
3 Ajmoda API Apium leptophyllum  Fr. Dried Fruit 30 g
4 Nagara (Sunthi API) Zingiber officinale Rz. Dried Rhizome 50 g
5 Haritaki API Terminalia chebula P. Dried Fruit pulp 120 g
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Figure 1: The photographs of the slides following 
Single Cell Gel electrophoresis

(a) Control Cells, (b) PBMCs with 2% H2O2 exposure 
for 5 minutes, (c) PBMCs with 200µg of aqueous 
extract, (d) PBMCs with 400µg of aqueous extract, (e) 
PBMCs with 800µg of aqueous extract, (f) PBMCs with 
1600µg of aqueous extract, (g) PBMCs with 3200µg of 
aqueous extract.

Figure 2. - Olive moment and Tail moment of 
PBMCs after Alkaline Comet Assay





Statistical Analysis of Olive Moment
1. Control vs. 2% H2O2 exposure for 5 Minutes:

• Null hypothesis (H0): There is no significant 
difference in the means of the control and 2% 
H2O2 exposure groups for "Olive Moment."

• Alternative hypothesis (Ha): There is a significant 
difference in the means of the control and 2% 
H2O2 exposure groups for "Olive Moment."

2. Control vs. Formulation at different concentrations:
• Null hypothesis (H0): There is no significant 

difference in the means of the control and 
formulation groups at each concentration for 
"Olive Moment."

• Alternative hypothesis (Ha): There is a significant 
difference in the means of the control and 
formulation groups at each concentration for 
"Olive Moment."

Performing t-tests for the "Olive Moment" data:
Control vs. 2% H2O2 exposure for 5 Minutes 

(Olive Moment): t-value: -4.819 p-value: 0.001 Control 
vs. Formulation at 200 µg (Olive Moment): t-value: 
-1.968 p-value: 0.092 Control vs. Formulation at 400 µg 
(Olive Moment): t-value: -2.068 p-value: 0.079 Control 
vs. Formulation at 800 µg (Olive Moment): t-value: 
-0.857 p-value: 0.434 Control vs. Formulation at 1600 
µg (Olive Moment): t-value: -2.066 p-value: 0.08 
Control vs. Formulation at 3200 µg (Olive Moment): t-
value: -2.442 p-value: 0.055 

Based on the t-tests for the "Olive Moment" data, 
the comparison between the control and 2% H2O2 
exposure group yields a t-value of -4.819 and a p-value 
of 0.001, indicating a significant difference.

Comparing the control group to the different 
concentrations of the formulation, none of the p-values 
for the formulation groups are less than the common 
significance level of 0.05. This suggests that there is no 
significant difference between the control group and the 
formulation groups at each concentration for the "Olive 
Moment" data.

Statistical Analysis of Tail Moment
Performing t-tests for the "Tail Moment" data:
1. Control vs. 2% H2O2 exposure for 5 Minutes:

• Null hypothesis (H0): There is no significant 
difference in the means of the control and 2% 
H2O2 exposure groups for "Tail Moment."

• Alternative hypothesis (Ha): There is a significant 
difference in the means of the control and 2% 
H2O2 exposure groups for "Tail Moment."

2. Control vs. Formulation at different concentrations:
• Null hypothesis (H0): There is no significant 

difference in the means of the control and 
formulation groups at each concentration for "Tail 
Moment."

• Alternative hypothesis (Ha): There is a significant 
difference in the means of the control and 
formulation groups at each concentration for "Tail 
Moment."

(a)Control Cells

(b)2% H2O2 Exposure to Cells for 
5 Minutes

(c) 200 µg amount of Aqueous 
extract was added in 10000 Cells 
suspended in 500 µL PBS

(d) 400 µg amount of Aqueous 
extract was added in 10000 Cells 
suspended in 500 µL PBS

(e) 800 µg amount of Aqueous 
extract was added in 10000 Cells 
suspended in 500 µL PBS

(f) 1600 µg amount of Aqueous 
extract was added in 10000 Cells 
suspended in 500 µL PBS

(g) 3200 µg amount of Aqueous 
extract was added in 10000 Cells 
suspended in 500 µL PBS
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Performing t-tests for the "Tail Moment" data:
Control vs. 2% H2O2 exposure for 5 Minutes 

(Tail Moment): t-value: 9.098 p-value: 0.0001 Control 
vs. Formulation at 200 µg (Tail Moment): t-value: 
-0.418 p-value: 0.702 Control vs. Formulation at 400 µg 
(Tail Moment): t-value: -1.992 p-value: 0.103 Control 
vs. Formulation at 800 µg (Tail Moment): t-value: 
-0.812 p-value: 0.46 Control vs. Formulation at 1600 µg 
(Tail Moment): t-value: -1.79 p-value: 0.145 Control vs. 
Formulation at 3200 µg (Tail Moment): t-value: -0.592 
p-value: 0.583 

Based on the t-tests for the "Tail Moment" data, 
the comparison between the control and 2% H2O2 
exposure group yields a t-value of 9.098 and a p-value 
of 0.0001, indicating a significant difference.

However, when comparing the control group to 
the different concentrations of the formulation, none of 
the p-values for the formulation groups are less than the 
common significance level of 0.05. This suggests that 
there is no significant difference between the control 
group and the formulation groups at each concentration 
for the "Tail Moment" data.

Therefore, based on the statistical analysis, the 
formulation does not show significant differences 
compared to the control group for the "Tail Moment" at 
different concentrations, indicating that the formulation 
may be considered non-toxic in comparison to the 2% 
H2O2 exposure. 
 
Conclusion

In conclusion, the results indicate that genotoxic 
potency measured by the comet assay of Vaishvanara 
Churna in PBMCs may predict genotoxicity in exposed 
humans However it can strongly provide a supportive 
data that may support that the formulation is not 
showing any genotoxicity in human cells. The 
observation in current study revealed that there is no 
damage to DNA of Peripheral Blood Mononuclear 
Cells, due to the presence of Vaishvanara Churna 
extract. It was not found toxic to Peripheral Blood 
Mononuclear Cells. Further Authors recommends that 
single cell gel electrophoresis may be used to study the 
genotoxic effect of other traditional formulations on 
human cells. This technique will improve the public 
confidence in the use of traditional formulations like 
Ayurveda, Unani, Siddha, Sowa rigpa, and other 
traditional system of medicines.
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