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INTRODUCTION

Soft drinks are flavored, non-alcoholic water-based beverages 
that can be sweetened, acidified, carbonated and flavored with 
fruit juice and salts. Plant extracts or other fragrant components 
may contribute to the flavor of these beverages (Majewska 
et al., 2003; Chandraker et al., 2014). The third most popular 
beverage is carbonated soft drinks (Tahmassebi & BaniHani, 
2020). Soft drinks are produced and consumed on a large scale 
nowadays. According to Yang et al. (2017), the annual per capita 
consumption of carbonated soft drinks is about four times 
higher than that of fruit drinks. It is not known what the exact 
ratio of ingredients and concentration in soft drinks. Genetic 
problems may result from the higher sugar content and chemical 
ingredients (Nseir et al., 2010). There are reports on the pesticidal 
effects of soft drinks, although there is not enough research on this 
topic (Garcia-Reyes et al., 2008; Castilla-Fernández et al., 2021).

Since the beginning of time, people have regarded mushrooms 
as a gastronomic marvel and widely utilized them in traditional 
medicine (Gariboldi et al., 2023). More and more studies are 
being conducted on mushrooms to determine how they affect 
the action of environmental genotoxicants (Wasser, 2011). The 
scientific community has shown tremendous interest in the 
medicinal potential of mushrooms within the past ten years 
(Gariboldi et al., 2023). According to De Flora et al. (2001) 
and Patel and Goyal (2012), the main medical applications of 

mushrooms that have been found thus far include antioxidant, 
anti-diabetic, hypocholesterolemic, anti-tumor, anti-cancer, 
immunomodulatory, anti-allergic, nephroprotective, and anti-
microbial properties. Unquestionably, the growing body of 
evidence from numerous research organizations worldwide about 
the anti-tumor application of mushroom extracts makes this a 
rapidly developing field of study deserving of widespread attention.

The topic of this communication is the anti-genotoxic properties 
of aqueous extracts from Calocybe indica, an edible fungus, also 
referred to as milky white mushroom. It is rich in protein, fiber, 
calcium, phosphorus and iron (Subbiah & Balan, 2015; Nagaraj 
et al., 2021). In addition, the mushroom is medicinally beneficial due 
to its diverse secondary metabolites (Sumathy et al., 2015). Ghosh 
(2015) and Gurunathan et al. (2015) reported the anti-cancerous 
properties of C. indica. For the investigation, an Allium cepa root 
tip-based test system was employed. This study, which focuses on 
the root tips of A. cepa plants, is an initial step towards investigating 
the broader implications of soft drink effects on animal cells.

MATERIALS AND METHODS

Basidiocarp Collection and Extraction

The dried basidiocarp of the edible mushroom Calocybe 
indica Purkay. & A. Chandra, commonly known as milky white 
mushroom, was purchased from the market and powdered. The 
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mushroom powder (25 g and 50 g) was extracted with 1000 mL 
of boiling water for 10 minutes. The extract was filtered with 
filter paper (Whatman No. 1) and used for the treatment.

Allium Test

Two separate studies were conducted under the same conditions 
to evaluate the antimitotic and genotoxic effects of Coca-
Cola and the antigenotoxic properties of C. indica extracts. In 
the first experiment, two treatments were carried out. Eight 
commercial onions (Allium cepa) weighing between three and 
four grams were used for each treatment. They were properly 
decalcified, placed on test tubes containing distilled water and 
left to germinate in the dark. For each treatment, they were 
removed after 24 hours. The bulbs were then placed in test 
tubes containing two different concentrations of C. indica 
extract (BC1  - 25 g/L (C. indica basidiocarp extract 25 g/L) 
and BC2 - 50 g/L (C. indica basidiocarp extract)) and left for 
24 hours. After 24 hours, the roots were washed and the bulbs 
were placed on test tubes filled with water for 24 hours.

Sixteen identical-sized, commercially available A. cepa bulbs 
weighing 3-5  g were used for the second experiment (8 for 
each treatment). Following a thorough deshelling process, they 
were put on test tubes with distilled water inside and given a 
full day to germinate in the dark. After a day, two bulbs with 
underdeveloped roots were taken out of each treatment. For an 
hour, the remaining bulbs were treated with 100% Coca-Cola. 
Following the Coca-Cola treatment, the bulbs were exposed 
to two different extract concentrations (25 or 50 g/L; CBC1 
(Coca-Cola treatment followed by BC1) and CBC2 (Coca-Cola 
treatment followed by BC2)) for a full day. Next, the roots were 
cleansed. After that, the bulbs were left on the water-filled test 
tubes for 24 hours.

Onion bulbs germinated in distilled water for 72 hours and 
then treated with 100% Coca-Cola for one hour served as a 
positive control (C+ve), while onion bulbs germinated in 
distilled water for 72 hours served as a negative control (C–ve). 
Following the 72-hour treatment period, each bulb’s root length 
was measured, and the number of roots was counted. The 
roots were fixed using Carnoy’s solution, which is ethanol and 
acetic acid mixed in a 3:1 ratio. Following fixation, the roots 
underwent a light microscope examination after being crushed 
with 2% acetocarmine, and hydrolyzed in 1 mol/L HCl at 60 °C 
for a minute. The ratio of divided cells to total cells counted 
was used to express the mitotic index. Cells exhibiting clumps, 
bridges, giant cells, bands, lesions, and tropokinesis were scored 
in four randomly chosen zones per slide to identify chromosomal 
aberrations. For every treatment group, four slides containing 
eight onion bulbs were examined.

Statistical Analysis

Data on different chromosomal abnormalities, root number, 
root length, and mitotic index were subjected to statistical 
analysis. A one-way analysis of variance was used to determine 
the significance of the treatments (ANOVA). Using SPSS 20.0 

software, the mean separation was carried out by Duncan’s 
multiple range test (DMRT) (P < 0.05).

RESULTS AND DISCUSSION

The present investigation assessed the cytotoxic and antimitotic 
potential of the soft drink Coca-Cola and the anti-cytotoxic 
effect of the aqueous extracts (25 g/L and 50 g/L) of the edible 
mushroom C. indica. The anti-cytotoxic potential of extracts 
was evaluated using the A. cepa test system. The results obtained 
reflect the antigenotoxic activities of C. indica on A. cepa root cells.

Root length and number were significantly affected (P < 0.001) 
by extracts of C. indica at concentrations of 25 and 50  g/L. 
For both the positive and negative controls, the mean root 
numbers were 7.66 ± 0.58 and 22.33 ± 1.20, respectively. 
The average root length was determined to be 1.89 ± 0.49 cm 
for the positive control and 0.86 ± 0.03 cm for the negative 
control, respectively. The number and length of roots differed 
significantly (P <  0.001) between the treatment and control 
groups (Table 1).

The average root length in the treatment groups BC1, BC2, 
CBC1 and CBC2 (treatments with basidiocarp extract following 
Coca-Cola treatments) was significantly (P < 0.001) greater 
than that of the positive control. For BC1, BC2 and the negative 
control, there were no significant differences in the mean root 
length of the treatment groups (Table 1). The reduction in root 
length and root number in the positive control indicates the 
antimitotic effect of Coca-Cola.

Table 2 indicates that Coca-Cola had a significant (P < 0.001) 
reduction in the mitotic index. In onion root cells treated with 
Coca-Cola (C+), CBC1 and CBC2, the mitotic index (MI) 
values were significantly (P < 0.001) lower than the MI of the 
negative control. This implies that Coca-Cola suppresses the 
mitotic activity of A. cepa. The decrease in mitotic index is 
caused by the ingredients in Coca-Cola, which have cytotoxic 
effects in turn. There was no significant difference in the mitotic 
index between the negative control and treatments with the 
aqueous extracts (25 and 50 g/L) of C. indica (Table 1).

Genotoxicity assay revealed many clastogenic aberrations in 
interphase, prophase, metaphase and anaphase of root tips of 

Table 1: Root length and root number of onion bulbs in control 
and extract‑treated groups
Treatments Average root 

number ± SE
Average root 

length (cm) ± SE
Mitotic index 

± SE

C–ve 22.33 ± 1.20d 1.89 ± 0.49d 21.0 ± 0.58c

C+ve 7.66 ± 0.58a 0.86 ± 0.03a 7.83 ± 0.60a

BC1 19.67 ± 0.88c 1.82 ± 0.44d 20.08 ± 0.19c

BC2 20.33 ± 0.33cd 1.79 ± 0.02d 19.64 ± 0.23c

CBC1 13.67 ± 0.88b 1.17 ± 0.23c 14.7 ± 0.72b

CBC2 14.67 ± 0.88b 1.02 ± 0.04b 15.63 ± 0.71b

C–ve ‑ negative control; C+ve ‑ positive control (100% Coca-Cola); 
BC1‑25 g/L C. indica Basidiocarp extract; BC2‑50 g/L C. indica 
Basidiocarp extract; C 100% Coca-Cola; P < 0.001. Means within 
column followed by the same letters are not significantly (P<0.05) 
different as determined by DMRT.
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A. cepa when treated with the Coca-Cola. The aberrations were 
found to be significantly higher (P < 0.001) in the positive 
control (67.25 ± 4.58) than in the negative control (5.74 ± 1.87) 
and other treatments (Table 2). The negative control showed 
normal mitotic divisions. The clastogenic abnormalities 
observed included chromosome clumping, chromosome bridges, 
strap shaped nuclei, giant cells, nuclear lesions and tropokinesis 
(Figures 1a-1f). Nuclear lesions, giant cells and strap shaped 
nuclei were the interphase aberrations. Nuclear lesions and 
chromosome bridges were observed in the prophase and 
anaphase respectively. Chromosome clumping and tropokinesis 
were observed in the metaphase. Telophase aberrations were not 
observed. The aqueous extract of C. indica reduced a significant 
(P < 0.001) number of clastogenic aberrations (Table 2).

Several studies have been published to evaluate the 
antigenotoxicity and antimutagenicity using the A. cepa test 
system in the last years (Prajitha & Thoppil, 2016; Chandra 
et al., 2022), and the current one demonstrates how effective 
this test technique is in confirming the protective effects of 
substances and natural compounds. In all living organisms, the 

mitotic index is a reliable quantitative measure of cytotoxicity 
(Smaka-Kincl et al., 1996; Sreeranjini & Siril, 2011). Treatment 
with Coca-Cola showed a mitodepressive effect on cell division 
similar to previous works (Chandraker et al., 2014; George & 
George, 2017; Bonciu et al., 2022). The reduction in MI implies 
that Coca-Cola suppresses mitotic activity in A. cepa. The 
reduced rate of MI can be used to calculate the cytotoxicity 
level (Prajitha & Thoppil, 2016). A lower amount of ATP to 
supply energy for spindle elongation, microtubule dynamics, 
and chromosomal movement, or poor nucleoprotein synthesis, 
could be the cause of reduced mitotic activity (Sudhakar et al., 
2001; Majewska et al., 2003).

A chromosomal break or exchange can result in chromosomal 
aberrations, which are changes in the chromosome structure. 
While most chromosomal abnormalities found in A. cepa 
meristem cells are fatal, some corresponding aberrations can 
still be viable and can have genetic effects (Çelik & Aslantürk, 
2007). Prophase aberrations were the most prevalent type of 
anomaly observed in A. cepa cells. Its anti-mutagenic potential 
on the A. cepa test system is demonstrated by the percentage 

Table 2: Chromosomal abnormalities in controls and extract‑treated root tips of Allium cepa
Aberrant Cells ± SE

Treatments Dividing cells ± SE Interphase Prophase Metaphase Anaphase Telophase Percentage of Aberration ± SE

C–ve 46.0 ± 1.15d 2.0 ± 0.58a 0.67 ± 0.33a 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a 5.74 ± 1.87a

C+ve 34.67 ± 1.45c 8.67 ± 0.88c 4.67 ± 1.20b 6.0 ± 0.58d 6.0 ± 0.58c 0.0 ± 0.0a 67.25 ± 4.58c

BC1 42.67 ± 0.88cd 1.33 ± 0.58ab 1.0 ± 0.57a 0.0 ± 0.0a 0.33 ± 0.33ab 0.0 ± 0.0a 6.23 ± 0.67a

BC2 42.0 ± 1.15c 0.0 ± 0.0a 0.67 ± 0.33a 0.67 ± 0.33ab 0.0 ± 0.0a 0.0 ± 0.0a 7.91 ± 0.60a

CBC1 16.67 ± 0.67a 1.33 ± 0.33ab 0.0 ± 0.0a 2.33 ± 0.33c 1.33 ± 0.33ab 0.0 ± 0.0a 30.32 ± 4.44b

CBC2 16.67 ± 1.20a 1.33 ± 0.33ab 0.0 ± 0.0a 1.33 ± 0.33bc 1.67 ± 0.47b 0.0 ± 0.0a 14.20 ± 2.41a

C–ve ‑ negative control; C+ve ‑ positive control (100% Coca‑Cola); BC1‑25 g/L C. indica basidiocarp extract; BC2‑50 g/L C. indica basidiocarp 
extract; C+ve 100% Coca‑Cola; P < 0.001. Means within column followed by the same letters are not significantly (P<0.05) different as determined 
by DMRT

Figure 1: Mitotic aberrations in Allium cepa root cells after treatment with Coca-Cola. a) Chromosome clumping in metaphase, b) Chromosome 
bridge in anaphase, c) Strap shaped nucleus in interphase, d) Giant cell in interphase, e) Nuclear lesionin prophase and f) Tropokinesis in 
metaphase
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of mitotic aberrations suppressed by C. indica extract on Coca-
Cola produced chromosomal abnormalities in all groups. There 
was a statistically significant (P < 0.001) reduction in the 
overall number of aberrations caused by Coca-Cola as a result 
of the C. indica extract. According to the current investigation, 
C. indica extract significantly reduces the mutagenic potential 
of Coca-Cola in cells.

CONCLUSION

Since Cola soft drinks are very popular worldwide and can 
be harmful to health. The issue can occur when drinking 
becomes routine in daily life, which sadly many people do. The 
present investigation suggests the use of C. indica as a dietary 
component can reduce the harmful genotoxic effects of Cola 
soft drinks.
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