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Abstract

	 Vermicomposting is an environmentally 
friendly and cost-effective process for decom-
posing organic waste. Paper mill sludge waste 
(PW) and sugar mill press mud waste (SPW) 
are often indiscriminately discarded into the 
environment, causing health hazards and en-
vironmental pollution. Due to its high nitrogen 
content, this waste can be turned into organic 
fertilizer to reduce pollution and provide an in-
expensive raw material for fertilizer production. 
Four compost mixtures (E1, E2, E3 and E4) 
were prepared in different proportions. PW and 
SPW with CD + PW + SPW cow manure control 
mix. After 90 days of composting, the nutrition-
al composition of the compost was analyzed 
and the vermicompost obtained was applied to 
Solanum lycopersicum. The pH, N, P, K, C: N, 
and Total Organic Carbon (TOC) of the vermi-
compost were chemically analyzed. Randomly 
selected seedlings from each treatment were 
transplanted into pots, and various parameters 
such as  Plant growth, leaf chlorophyll con-
tent, mineral concentrations, fruit characteris-
tics, yield and fruit quality (including color, pH, 
ascorbic acid, titratable acidity and total solids) 
soluble) is evaluated. Most of the growth, yield, 
and quality indicators increased quite well com-
pared to the control, but the difference between 
the treatments was not significant. In conclu-

sion, vermicomposting of PW and SPW resulted 
in the production of high-quality organic fertilizer 
that can improve plant growth, yield, and quality. 
This can help reduce pollution and minimize the 
need for additional nitrogen sources, thereby 
reducing costs. The findings of this study sug-
gest that vermicomposting can be a useful tool 
for sustainable waste management and agricul-
tural practices.

Key words: Paper mill waste, β-Carotene, Ly-
copene, Total chlorophyll, Total yield

Introduction

      Paper mill industries play an important role 
in the global economic environment and peo-
ple’s ability to make a living. With the passage 
of time, it was discovered that there had been 
a significant increase in global paper produc-
tion. For the time being, the United States is the 
world’s biggest paper producer. However, the 
Confederation of the European Paper Industry 
predicts that global paper demand will exceed 
500 million tons by 2025 (1). India produces 
2.6% of the world’s paper, contributing to the 
country’s economic development (2). Due to the 
high organic matter content, developing coun-
tries like India face major barriers in the area of ​​
proper waste management (3,4,5). Traditional 
sugar sludge management methods, including 



Current Trends in Biotechnology and Pharmacy
Vol. 18(4) 1967-1976, October 2024, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2024.4.42

Nithya and Sethu

1968

composting, land filling, incineration, pollute the 
soil and impact global warming by generating 
harmful gases. Water pollution due to improper 
disposal of domestic and industrial waste is also 
a serious problem in this country (6).

             Large volumes of sludge from paper mills 
and sugar mills cause environmental problems, 
polluting air, water and soil ecosystems. One of 
the essential techniques for valorization is ver-
mi-technology, a biotechnological invention that 
holds tremendous promise for the sustainable 
management of wastes by bio-converting solid 
organic wastes into a valuable molecule under 
favorable ecological conditions (7,8). Most re-
assuringly, it maintains the region’s economy 
and promotes livelihood in rural areas. It out-
lines a good biodegradation technique in which 
earthworms and microorganisms work together 
to cause severe deformation in organic solid 
wastes. (9,10). In contrast, soil bacteria ferment 
them into organic nitrogen that can be used 
for agricultural purposes. Population growth 
coupled with inadequate food supplies, declin-
ing quality of health care, high unemployment 
and increasing environmental degradation are 
some of the key underlying issues affecting 
global prosperity. Around the world. the future 
of “humanity”. These problems are expected 
to increase in severity as the world population 
continues to farm (11). 

             Tomato (Solanum lycoperscium) is a 
major vegetable crop grown around the world. 
Lycopene, the main pigment responsible for 
the red color of tomatoes, is one of the most 
abundant natural carotenoids found in tomatoes 
(90%) (12). It is a commercial vegetable grown 
all over India due to its high nutritional value and 
reliable price. India ranks first in area (5.1 million 
hectares) and production (880,000 tons). It has 
ayurvedic medicinal properties and is known 
to benefit diabetics (13). Carotenoids such as 
carotene and lycopene play important roles in 
antioxidant protection against lipid peroxidation 
in living cells (14). The unsaturated open-chain 
carotenoid of lycopene has 11 covalent double 

bonds and is an effective free radical scavenger 
(15) also they are important dietary sources of 
vitamin A. After bioconversion of retinol-caro-
tene to provitamin A (16). Therefore, the intro-
duction of these biodegradable materials into 
the soil not only increases the organic matter 
content and soil fertility, but also increases the 
microbial activity (17,18,19,20). Improvements 
in soil fertility and microbial activity due to the 
return of crop wastes such as compost improve 
farmland health and increase root strength and 
biological properties. plant physiology such as 
photosynthesis rate, chlorophyll and carbo-
hydrate content. (21,22). However, it was dis-
covered that using organic fertilizer along with 
fertilizers high in nitrogen, phosphate, and po-
tassium was more beneficial for increasing pro-
duction and supplying macronutrients to tomato 
plants.

          The goal of the current research was 
to handle waste from sugar and paper mills us-
ing a combination of innovative vermicompost 
method techniques.  Evaluation of the effect 
of treated waste on the content of β-carotene, 
lycopene and chlorophyll in tomato fruit and 
growth of the plant.

Materials and Methods

Raw material collection 

	 Paper mill sludge waste is collect-
ed from TNPL in Pugalur, Karur district, Tamil 
Nadu. Sugar mill press mud waste is collected 
from Mohanur sugar mill industry. Cow dung 
were also collected at the same location. The 
collected waste was washed several times with 
tap water, dried in the sun and used in compost-
ing experiments.

Experimental setup

	 Raw materials (CD:SW:PW) are put into 
5 round barrels (25cm diameter, 40cm high) and 
mixed in different ratios C (4:0:0), E1 (4:2:2) and 
E2 . (4:3:1), E3 (4:1:3) and E4 (4:4:4). Compost 
moisture was maintained at 40-60% throughout 
the experimental period (90 days). Five types 
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of compost were introduced into the soil 3 days 
before sowing at the rate of 30 kg per field (25 
sowing). General stages such as irrigation, 
weeding, pest control are carried out according 
to the process. This study was conducted on to-
mato plants (Solanum lycopersicum) grown on 
sandy soil combined with drip irrigation system. 
Tomato seeds were sown in seedling trays in 
June 2021 and placed in a greenhouse. Healthy 
seedlings of 30 days old were planted in plots 
of 15 m2. Seedlings were planted in vertical 
rows (25 plants per row) with 1.0 m row spac-
ing and 0.5 m row spacing, experimental setup 
consisting of completely randomized plots and 
5 composting treatments. . Each formula was 
repeated 5 times. Each compost treatment was 
separated from each block by 1 m grooves. 
Each plot is 10 m long, including 25 trees, of 
which 10 central trees are selected to determine 
growth characteristics, yield, and fruit quality.

Physico‑chemical analysis

	 Use DH2O dual organic fertilizer solu-
tion at the ratio of 1:10 (w/v) and analyze the 
results with a digital pH meter (23), The pH of 
compost sample was determined. Total organ-
ic carbon (TOC) was calculated using (24).The 
Micro Kjeldahl technique was used to determine 
Total Nitrogen (TN) (25, 26).  A colorimetric 
method was used to determine total phospho-
rus (TP) (27). After digesting the sample in an 
acidic mixture (HNO3 concentrate; concentrat-
ed HCIO4, 4:1, v/v), total potassium (TK) was 
measured using a flame photometer (28).

Morphological parameters 

	 The following morphological data were 
recorded: plant height (cm), fruit diameter (cm), 
fruit weight (g) and total yield (g/plant) (29). 

Biochemical analysis of fruit pigments

	 10-20 ml of acetone-hexane (4:6) sol-
vent was used to homogenize 1 g of tomato 
fruit. After homogenization, the supernatant was 
used for biochemical analysis (30). 

Amount of lycopene, β-carotene and chloro‑
phyll 

The amounts of lycopene, beta-carotene and 
chlorophyll were determined using the analytical 
method and technique described by the tech-
nique of Mackinney and Kimura. For lycopene, 
β-carotene and other nutrients, chlorophyll a, b 
and total are expressed in mg/100 ml. 

Fruit quality characteristics

	 10 fruit samples were previously used 
to evaluate fruit quality characteristics. Fruit 
was cut into small pieces and tomato juice from 
each of the 10 fruit samples was extracted by 
measured volume (ml) using a juicer. Pure juice 
is used for quality control. After removing the 
seeds, skin and pulp, the volume of juice was 
measured in a graduated cylinder (31).

pH

 	 In 50 ml of filtrate containing 10 g of 
pulp mixed in 100 ml of distilled water, deter-
mine the pH of tomato juice (32). 

Titrated acidity (TA) 

	 Titration of 10 g of homogenized tomato 
juice sample after dilution with 50 ml of distilled 
water, 0.1% NaOH solution at pH 8.17 was used 
to determine the acidity (33) and the results are 
reported in g/L. 

Ascorbic acid (AA) 

	 The concentration of ascorbic acid in 
selected tomatoes was determined by the meth-
od of (34). The procedure consisted of homog-
enizing a mixture of fruit pulp (5 g) and 5 ml of 
0.1% HCl (w/v), then centrifuging the mixture at 
10,000 rpm for 10 min and accumulating super-
natant into the condenser. The absorbance of 
the supernatant at 243 nm was then evaluated 
using a spectrophotometer. 

Statistical analysis 

	 Statistical analyzes were performed us-
ing one-way ANOVA and Duncan’s multiple test 
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(DMRT) in SPSS (version 21) and the data were 
compared.

Results and Discussion

	 90 days after transplanting, tomato 
plant height responded significantly to 5 dif-
ferent treatments. The results of physical and 
chemical testing of the final product are shown 
in (Table 1). The pH level is one of the most 
important aspects of the composting process. 
The pH level is reduced as much as possible 
during the E2 treatment. The maximum avail-
able nitrogen content of E2 was 7.33%, which 
is consistent with the conclusion (35). Nitrogen 
is an essential component of amino acids, the 
basic structural unit of proteins. At the same 
time, due to the ammonification process, the 
nitrogen content in the compost is significantly 
reduced, leading to the conversion of a part of 
organic NH3 into NH4+ ions (36). Phosphorus 
provides energy for plant growth and maintains 
plant balance (37). The waste compost in our 
present study contained less phosphorus than 
the control (0.26%). Phosphorus increases the 
amount of chlorophyll in plants. E2 has a grad-
ually increasing potassium (K) content (4.40%). 
Wool and feather waste can provide nutrients 
(N, P, K) to plants and improve soil biology and 
chemistry (38). A significant increase in plant 
height was observed with an organic fertilizer 
rich in E3 (67.64 cm) and then treated with E2 
(66.25 cm). However, the shortest plants were 
found in the control variant (58.38 cm) (Table 
2). These results may be related to the phys-
ico-chemical state of the palm waste modified 
by the addition of water and fertilizer for plant 
growth (39). All tomatoes showed a significant 
difference. Plant height is a significant compo-
nent, according to (40), because it has the most 
beneficial effect on fruit yield. Fruit weight, vol-
ume, and therefore total fruit production were 
highest in vermicompost enhanced with a great-
er rate of E2, while control yield was lowest. 
(E4 and C) gave the lowest values of total yield 
and its components. In terms of average fruit 

weight and diameter, E2 produced the highest 
values (2.197 kg) and (1.283 kg), respectively, 
when compared to C. In general, all compost 
treatments with differing waste ratios produced 
significantly higher yields and components than 
control soil. These findings support the find-
ings of (41) who found that adding cow dung 
vermicompost to tomato plants increased plant 
growth and yield while decreasing element up-
take, primarily N, P, and K.  In addition, compost 
enriched with different vermicompost ratios (E1 
to E4) significantly increased fruit length and 
diameter compared with enriched control com-
post. The high yield and nutrient concentration 
of tomato plants fertilized with organic fertilizers 
added to cow manure may be due to the fact 
that these substances not only contain sufficient 
nutrients, but also because nutrients are slowly 
released into the soil. This minimizes nutrient 
loss and leaching while increasing nutrient uti-
lization (42). Furthermore, compared with bal-
anced chemical fertilizers, the use of organic 
fertilizers increases the organic carbon content 
and fertility of the soil, leading to a tendency for 
higher yields (43). The weight and number of 
fruits determine the yield of the plant. As a re-
sult, fruit weight is directly proportional to plant 
yield (44). The pigment composition of tomato 
fruit was determined and the results published 
(Table 3). The results showed that increasing 
the sulfur content resulted in a 44.5% higher ly-
copene content in the fruit for a tomato variety 
(45), with the highest lycopene content record-
ed being E2 (0.571 mg/100 ml). ). , E1 (0.563 
mg/100 ml), E4 (0.538 mg/100 ml), E3 (0.521 
mg/100 ml) and the lowest C (0.472 mg/100 ml). 
Plants treated with E2 had higher β-carotene 
content than control plants (E2 (0.271 mg/100 
ml), E1 (0.249 mg/100 ml), E4 (0.205 mg/100 
ml), E3 (0.173 mg/100 ml). ml). ml), E4 (0.205 
mg/100 ml), E3 (0.173 mg/100 ml) and control 
(0.147 mg/100 ml) (46). Tomatoes from control 
plants had 0.183 mg/100 ml of chlorophyll (a) 
and 0.338 mg/100 ml of total chlorophyll, while 
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E2 had the lowest chlorophyll (b) content of 0.227 mg/100 ml.

Treatment Plant height at 
90 days (cm)

Fruit diameter 
(cm)

Fruit weight (g) No. of fruits/
plant

Total yield (Kg/
plant)

 C 58.38 ± 1.26 2.61 ± 0.18 10.33 ± 0.85 45.62 ± 3.86 1.283±1.52
E1 61.71 ± 0.98 2.82 ± 0.27 11.33 ± 1.15 60.93 ± 3.55 1.483±0.96
E2  66.25 ± 1.52 3.79 ± 0.59 11.87 ± 0.92 71.13 ± 4.04 2.197 ± 1.36
E3 67.64 ± 1.81 3.88 ± 0.36 13.33 ± 1.23 62.15 ± 4.16 2.015 ± 2.04
E4 68.45 ± 1.20 3.74 ± 0.27 12.57 ± 1.28 59.17 ± 3.75 1.305 ± 2.18

Table 3: Analysis of plant pigments chlorophyll, lycopene and β-carotene
E x p e r i m e n t a l 
treatment

Chlorophyll a
(mg/100 ml)

Chlorophyll b
(mg/100 ml)

Total 
Chlorophyll
(mg/100 ml)

Lycopene
(mg/100 ml)

β-Carotene
(mg/100 ml)

C 0.176 0.092 0.269 0.472 0.147
E1 0.150 0.143 0.305 0.563 0.249
E2 0.183 0.227 0.338 0.571 0.271
E3 0.182 0.105 0.287 0.521 0.173

Treatments pH OC (%) N (%) P (%) K (%)

C 8.5 ±0.52 0.85 ±0.02 1.02 ±0.14 0.20 ±0.02 1.95 ±0.53
E1 8.32 ±0.42 1.08 ±0.14 1.54 ±0.05 0.51 ±0.05 2.05 ±0.27
E2 8.09 ±0.27 1.41 ± 0.05 3.02 ±0.21 0.96 ±0.12 3.15 ±0.15
E3 8.15 ±0.36 1.30 ±0.21 2.68 ± 0.09 0.72 ± 0.15 2.74 ±0.36
E4 8.43 ±0.41 1.01 ±0.13 1.27 ±0.15 0.35 ±0.08 2.01 ±0.18

Table 1 Physicochemical parameter of feather compost samples

Table 2: Total yield parameters of tomato plants
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E4 0.133 0.153 0.264 0.538 0.205

Figure 1: Physico-biochemical parameter of 
tomato fruit

Fruit quality characteristics

	 The results in Table 5 show that differ-
ent compost combinations influenced the AA, 
TA, pH, and fruit juice (%) of tomatoes. Ascorbic 
acid is vital to one’s diet because it will be cure 
chronic disease, scurvy, and stress. According 
to data reported in, the E2 had the greatest AA 
concentration (26.98 0.51 mg/100 g), followed 
by the E3 and the shortest control (23.09 0.15 
mg/100 g) (Table 4).  Light rates in tomatoes 
at the end of harvest, temperature conditions 
during pre-harvest, at harvest and after harvest, 
and changes in AA content for the same vari-
ety are reasonable explanation. (47). At matu-
rity, the level  of AA was higher, but it later de-
creased (48). In this investigation, the TA values 
ranged from 0.28 to 0.49%. The E1 compost 
had the highest TA value (0.45-0.56%), while E2 
organic fertilizer has the lowest TA value (0.30-
0.32%). These results contradict the conclusion 
of (49) who found that TA values ​​were higher 
in plants treated with organic compounds com-
pared with plants treated with fertilizers or con-
trols. . The pH of the fruit is an important factor 
in the consumption of fresh tomatoes; The low 
pH improves the flavor of the fruit (50). All or-
ganic fertilizers have pH values ​​that range from 
4.35 to 4.86. These values ​​are relatively simi-
lar to those reported by different researchers in 
previous studies (51, 52). They found pH values ​​
between 4.19 and 4.45 in many varieties of to-
matoes grown on soils that had been improved 
with multiple applications of organic and mineral 
fertilizers.

Conclusion

	 This study found that using vermicom-
post made from paper and sugar mill waste as 
a fertilizer for tomato plants grown in the field 
can enhance plant growth and fruit quality by in-
creasing the levels of photosynthetic pigments, 
vitamin C, lycopene, carotene, and other nutri-

ents. The study evaluated different waste-to-
waste ratios of vermicompost and found that 
tomato plants responded differently to each 
type of vermicompost. However, when vermi-
compost material was modified with high con-
centrations of paper mill waste and sugar press 
sludge (E2), significant differences in tomato 
fruit growth, yield and quality were observed 
compared to those amended with NPK chemi-
cal fertilizer and soil.The study concluded that 
no single nutrient source, such as chemical fer-
tilizer, organic manure, or biofertilizer, can fully 
meet all nutrient requirements. However, vermi-
compost can increase the quantity and quality 
of nutrients, leading to quicker nutrient absorp-
tion and improving growth and yield parameters 
in crop plants.
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Abstract

	 Extracellular proteases, due to their 
commercial, industrial applications have be-
come significant and targeted for scientific re-
search during current research. Our present 
report states about unfolding of potential prote-
ases from soil sample. Even though there are di-
versified protease positive microorganisms was 
reported but still few are Burkholderia Cenoce-
pacia proteases are unrevealed. Selective soil 
sample was collected from different places of 
Mahbubnagar Telangana state for screening 
and isolated potential protease producing mi-
croorganisms. 10-5 diluted sample spread over 
skim milk agar (High Media) and selected 108 
protease positive organisms from screening. 
selected isolates are pushed to secondary 
screening, picked highest zone of hydrolysing 
microorganism was identified through 16s rRNA 
generated 1358bp amplicon was forwarded to 
NCBI blast, 98% homology Burkholderia Ceno-
cepacia (Bks) submitted and generated acces-
sion number MH290479 with optimized Bks 
protease production showing maximum produc-
tion at temperature 30oC, PH -7, Inoculum size 
3%, 1% glucose as carbon source,0.5% Gela-
tine protein and Zn metal ion was recorded.

Key words: Burkholderia sp, Bks, Optimization, 
Proteases, Bacillus Sp. NCBI Blast, Production.

Introduction 

	 Microbial enzymes are core compo-
nents of bio-industrial processes and they are 
cheaper, reliable, high yielding diversified bio-
catalyst. Proteases are one of the leading com-
mercially important biocatalysts in enzymatic 
pool. Microbial proteases are extensively used 
in pharmaceutical, detergent, dairy, baking, 
leather and biomedical engineering for formu-
lation of drugs, cleaning, making of edible prod-
ucts and reducing environmental pollution.

	 These enzymes profound applications 
in feather processes in poultry, detergent in-
dustries, pharmaceuticals, biotransformation, 
food processing, silk gumming, bioremediation, 
biosynthesis of drugs and bioconversions (1-4). 
The most common protease producing organ-
isms are gram positive Bacillus sp. compara-
tively less in other species (3). Identification and 
screening research was active since first prote-
ase from Bacillus licheniformis was industrially 
commercialized as an additive in detergents in 
the 1960s (5) Numerous Bacillus-derived prote-
ases have been isolated, purified and character-
ized their optimization studies to know efficiency 
of protease activity. Uplift of protease depends 
on abiotic stability with broad substrate specific-
ity in short period of fermentation, easy down-
stream processing, and less cost have been 
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implicated (6). Many of the Bacillus-derived pro-
teases are elevated exposure to temperatures 
and pH, but the majority proteases are incom-
patible with detergent matrices (2,5). 

	 Apart from bacillus sp. and Pseudomo-
nas sp. Fewer investigations was observed in 
protease field. Burkholderia sp. is also one of 
the potential protease producing gram negative 
bacteria it also shown efficient production ob-
served under abiotic stress Burkholderia cepa-
cia, Burkholderia stabilis. (7). Hence, proteases 
with optimization require for superior perfor-
mance for industrial exploitations, especially for 
commercial utility are being sought. Although 
colourable screening and identification of most 
of the enzymes have already been found in Ba-
cillus thermantarcticus, and Bacillus mojavensis 
etc. (1,8). Since investigations are continuous to 
find novel, efficient, ease on adoptable microbi-
al proteases been targeted in future studies. In 
the present study, isolation of unexplored indus-
trially efficient protease producing organisms 
from soil samples and its optimization studies 
relevance to commercial purposes.

Materials and Methods

Collection of soil sample

	 Different Soil sample was collected 
from various places in Mahbubnagar town and 
different places of Telangana state specially cat-
tle dung landfills, poultry forms dump yard and 
undisturbed soils was taken around10-15cm 
depth keeping natural habitat without any dis-
turb. 

Primary screening

	 Autoclaved sterile water used for Se-
rial dilution and 105,106,107 and 108 dilutions 
was taken for spread plate method done for 
collected soil on screened 1% skim milk agar 
and incubated it for 36hrs on 370C the bacteri-
al culture which shown clear zones around the 
colonies was selected for progressive studies. 
The zone of proteolytic efficiency was deter-

mined by measuring the diameter of the colony 
and zone of hydrolysis. Efficient bacterial iso-
lates Burkholderia Cenocepacia, Bacillus cere-
us, Staphylococcus aureus and Bacillus subtilis 
like Bacteria showed good proteolytic activity 
Such colonies were selected and sub cultured 
on nutrient agar slants and preserved at 40C for 
further study.

Assay for protease activity by plate method

	 To Identify effective protease producing 
bacteria from pre-screened, isolated positives 
AP1- Bacillus Sp., AP6-Burkholderia Cenoce-
pacia, AP7-Bacillus cereus AP8- Staphylococ-
cus Sp., was streaked skim milk agar (HiMedia) 
and left for 48hr incubated plates shown zone of 
hydrolysis.

Proteolytic activity

	 Most common substrate Azocasein (Hi-
Media) taken as substrate for defining the Pro-
tease catalytic activity of Brukholderia sp PS (9). 
2ml Eppendorf reaction was prepared mixture 
contains 120 μL of enzyme extract and followed 
by added 480 μL of 10 mg /ml of 0.2M and 7.2PH 

azocasein solution. Later mixture was kept un-
der incubated for 1hr at 37 °C and later reaction 
was stopped by adding 600μl trichloroacetic 
acid (TCA) 30% (w/v). After centrifugation at 
10,000 g for 5 min, 800 μl top of the later mixed 
with 200 μl 1·8M NaOH. The absorbance at 440 
nm was measured in a UV -spectrophotometer 
(9). Unit for enzyme was defined as the amount 
that caused an increase of 0·01 in absorbance 
at 420 nm in the assay conditions (10).

Biochemical and molecular identification

	 Readymade gram staining kit was used 
for morphological identification performed (Hi-
Media grams), DNA was extracted using the 
genomic DNA isolation kit (HiMedia) was used 
a (Mo-Bio-Laboratories) and meanwhile 16S 
rRNA sequencing sequenced as described 
previously (11). Taq polymerase supplied by 
Bio-Rad was used for PCR, which was started 
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with the primers 16S-F 5’ GTTTGATCCTGGCT-
CAG-3’ and 16SR5’-AAGGAGGTGATCCAGC-
CGCA-3’. The resultant partial sequence of the 
16S rRNA was obtained and this sequence was 
performed NCBI Nucleotide BLAST to NCBI 
Nucleotide BLAST was showing similarity of 
98.93% Burkholderia Cenocepacia contained 
1358bp nucleotides. The molecular identifica-
tio16S rRNA sequencing was performed at Bios-
erve india pvt, and identified Burkholderia ceno-
cenocepician, Accesion number- MH290479.
nearest taxa was with construction of Phyloge-
netic trees was constructed using phylogenetic 
tree-making algorithms, consensus sequence 
maximum-likelihood (ML) was selected and 
noted similar sequences generated on of using 
the PhyML program (12) and neighbour-joining 
(NJ) (13) using the PHYLIP package, version 
3.5 (14), and the resultant tree topologies were 
evaluated by bootstrap analysis based on 1000 
resampling. Using the SEQBOOT and CON-
SENSE programs in the PHYLIP package. Pair-
wise evolutionary distances were evaluated and 
computed on DNADIST program with the Kimu-
ra 2-parameter model was developed (15). 

Production of protease from Burkholderia 
Cenocepacia

	 Highly efficient protease Burkholderia 
Cenocepacia colony from skim milk agar plate 
was inoculated in 100ml mineral medium NaCl 
-0·5g, K2HPO4-0·3g, KH2PO4-0.6g, MgSo4

 -0.1g 

containing 1%g casein/100ml prepared and 
adjusted to pH 7·0. The production of protease 
was placed on orbital shaker in 250 ml flasks 
containing 100 ml of the medium by incubation 
for 72 h at 37 °C. The culture was centrifuged 
at 10,000 g for 10 min and the supernatant was 
used as crude enzyme.

Optimization of protease production

Effect of inoculums size

	 Inoculum size increased continuous 
sets 1%,2%, 3%,4% and 5% Inoculum size 
utilise the available components that enhance 

the protease production. Maximum protease 
production was recorded with 3% inoculum size 
with Brukholderia cenocepcia.

Optimization of temperature and pH prote-
ase production

	 To find maximum production of prote-
ase various abiotic factors was adopted tem-
perature and pH on the proteolytic activity were 
determined. Thermal stability was evaluated by 
pre incubation of the enzyme for up to 20 min 
at 40, 45 and 50°C then residual activity was 
measured as described above. The assay for 
optimum pH was developed using 0·1 mol/l (pH 
6, 7, 8 and 9), or sodium carbonate buffer (pH 9 
and 10).

Effect of carbon and nitrogen sources

	 Major carbon sources like glucose, 
Maltose, Sucrose, Lactose fructose starch was 
tried with 1% w/v and   Nitrogen substrates like 
casein, soybean extract, yeast extract, beef ex-
tract, Peptone, Ammonium nitrate and potassi-
um nitrate 0.5% of w/v was taken for protease 
production and thereafter 1 ml of inoculum was 
inoculated into the medium and then subjected 
to submerged showed maximum enzyme pro-
duction with glucose and beef extract was not-
ed. 

Effect of metal ions

	 Different essential metals like Mn+2, 
Ca+2, Mg+2, Zn+2, Fe+2 of 10mM concentrations 
was applied for media optimization. significant 
change was observed in the production of pro-
tease with Ca+2

 on Burkholderia Cenocepacia 
and observed in 2-fold by Ca and Zn increased 
production.

Result and Discussion

Screening and isolation of potential prote-
ase producing bacteria

	 Mixture of soil sample dilutions spread-
ing on skim milk agar generated 108 positive 
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bacterial as a result of from primary screening 
shown in figure.1. Selective culture showing 
maximum zone of hydrolysis clearly indicating 
that AP6 Burkholderia sp. PS1 (Bkc-AP6) show-

ing maximum zone hydrolysis compared to oth-
er organisms, Positive outcomes boosted to 
work on Burkholderia sp.PS1 protease produc-
tion and intent to know optimization of produc-
tion media for futuristic industrial applications.

Biochemical charecterization 

	 Gram negative rod shaped structures 
are visualised undermicroscopic examina-
tion,resuted table.1 Cells are, motile colonies 
on NA (Nutrinet agar) are circular, 2 mm in di-
ameter, White, crateri form and entire. Cells 
grow from 18 to 35 C with an optimum tem-
perature of 37 0 C and growth occurs in a pH 
range of 7 to 10 was analysed. More over bio-
chemical charecterisation was conduted result 
was shown in Table .1 Catalase, oxidase, gelati-
nase,protease, indole and urease are positive, 
but vogeus proskeur , methyle red , lipase,bi-
trilase reductase are negative. nitrate reduction, 
H2S production, Voges–Proskauer reaction and 
methyl red reaction are negative similarity to 
Burkholderia sp.

Fig.1 Primary screening on skim milk agar   

Fig.2 Selective screening on skim milk agar, 
AP1- Bacillus subtilis, AP6-Burkholderia Ceno-
cepacia, AP7-Bacillus cereus AP8- Staphylo-
coccus aureus

Fig.3 Secondary screening on skim milk agar 
AP6-Burkholderia Cenocepacia  
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	 The partial sequece of reulsted ampli-
fied product streamed to NCBI, blast search 
engine generated similar queries  of 1358bp nu-
cleotides sequence was showing 100% query 
coverage with Zero E value result made con-
frimation that species belongs to Burkholderia 
sp.nov.PS1 was confirmed. Further submitted 
1358bp sequence and generated Accention 
number –MH290479 named as Burkholderia 
cenocepicia.

Construction of phylogenitic tree

	 On the basis nucleotide sequence gen-
erated 1358 subjected to phylogenetic relation-
ship of strain PS1-AP6 with previously reported 
species in BLAST sequence similarity search 
(NCBI-BLAST/EzTaxon). The results indicat-
ed that at the 16S rRNA gene sequence level, 
strain PS1 -AP6 was close to the phylogenetic 
adjacent are with 98.97% similarity Burkholderia 
cenocepecia GP3 MN240932 and Burkholderia 
sp. MaAL 241, (Accesion number KY810687) 
for1358bp with 100% blast query. Phylogenetic 
tree based on ML (Fig. 4). and NJ (Fig.4) trees 
further indicated that strain PS1-AP6 clustered 
with Burkholderia cenocepecia GP3 MN240932 
and Burkholderia sp. MaAL 241with a phyloge-

netic distance of 98.97% each and distinct from 
the other species of the genus. Despite the high 
16S rRNA gene sequence similarity. Above 
blast and phylogenetic analysis indicating that 
strain Burkholderia sp.nov. PS1 is could be as-
signed to a novel species.

Fig.4 Phylogenitic tree constructed for Burk-
holderia sp.nov.PS1 (AC.No- MH290479)

Optimization of protease production 

	 Globally commercialised proteas-
es require not only isolation and identification 
but also industrial level utility like processeing, 
production and mass yeilding of an enzyme, 
present study optimization of production culture 
media revealed data of Bks protease produc-
tion through submerged flask based experiment 
relavance to industrial applications. Size of an 
inoculam plays crusial role find where orgonism 
is enterning stationary phase, In inculum size 
versus production of enzyme clearly showing 
fig.5 inciating that maximum production has 
poitnted in 185 U/mL/Min at 3% later increasing 
inoculum also no significant difference was ob-
served. 

	 For Enhance mass production of en-
zymes, abiotic physical and chemical factors 
optimization is mandatory. Diffent ranges of 
PH fig .7 from 4-10 and fig. 6 temperature 20-
50oC observations are recoreded Maximum 
production of Bks proease at PH-7 (173 U/mL/
Min), 35oC –(165U/mL/Min) it give confirmation 
that Bks protease is neutral optimum nearest to 

Table.1.Biochemical    identification of effeciant 
protease producing orgonism
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room temperature are suitable. Critical suistain-
ability of orgnisms depends availability of car-
bon, nitrogen sources. where as in Bks protease 
production. 1% W/v of Glucose in production 
media 176 U/mL/Min of enzyme is produced. 
Compare to other carbon sources  like starch 
(polysacharides) and disacharides (lactose, 
Sucrose) are less effect as carbon source than 
monosacharieds(Glucose Fructose,galctose) in 
another context Gelatine and casein like nitro-
gen sources leads enzymes production but am-
monium nitrate as well as potasium nitrates are 
no significant effect was noted. 

Fig.5 Effect of inoculum size on protease pro-
duction

Fig.6 various temperature effect on protease 
production

Fig.7: Effect of pH on protease production

Fig.8 Effect of carbon source with 1% w/v size 
on protease production

Fig.9 Effect Nitrogen sources on protease pro-
duction

Fig.10 Effect of Metal ions on protease produc-
tion

Conclusion

	 Isolation identification of Efficient Prote-
ases are always plays crucial role in industrial 
enzymatic pool, our present study, Protease 
positive Burkholderia Cenocepacia was isolat-
ed from soil was optimised protease produc-
tion temperature30oC, PH7, 3% w/v inoculum 
1%v/v glucose and 0.5% gelatine is more suit-
able condition to produce protease. Highest 
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protease was recorded as 185 U/mL/Min under 
presence of Gelatine, 3% inoculum and metal 
ions like Zink and calcium. As Bks protease has 
more applications in industry, hence protease 
production from Bks is recommended.
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Abstract

	 Secondary metabolites (SMs) are small 
organic molecules produced by plants that are 
mostly not essential for their growth, develop-
ment and reproduction but are produced to 
confer a selective advantage to the plant. Since 
their concentration in the plant in a natural en-
vironment are low, the plants are many a times 
stimulated to enhance their production espe-
cially when they have significant commercial 
and medicinal applications.  Elicitation is a tech-
nique used in tissue culture wherein external 
elicitors, either biotic or abiotic, induce stress 
in the plant thereby leading to stimulation of 
production of specific plant secondary metabo-
lites. Catecholamines and their precursors have 
many medicinal applications and have been re-
ported to occur in Gomphrena sp. The present 
study successfully identified elicitors (chitosan 
and copper sulphate) for the enhanced produc-
tion of catecholamines and its precursors from 
suspension cultures of G. globosa. Both the bi-
otic and abiotic elicitors were used in different 
concentration so as to compare the effect of 
each on catecholamine and/or precursor con-
centrations in the suspension cultures. Suc-
cessful elicitation of these precursors as well 
as catecholamines was standardized using G. 
globosa callus as a model system.

Keywords: Catecholamines, Gomphrena glo-
bosa, LCMS/MS, elicitation, suspension culture

Introduction

	 Plant secondary metabolites include a 
wide class of chemicals that have commercial 
applications as antibiotics, flavoring agents, fra-
grances, insecticides, dyes etc. Many of them 
also have medicinal applications and are there-
fore economically desirable. These secondary 
metabolites are not necessary for the survival 
of individual cells of the plants but rather are in-
volved in interaction of the cell with its surround-
ing thereby ensuring their survival. In the natu-
ral environment, production of these secondary 
metabolites amounts to less than 1 % of the 
dry weight of the plant and is highly dependent 
on the developmental stage of the plant (1, 2). 
Since they are production is on an on-demand 
basis, commercial production of these useful 
metabolites from plants grown in their natural 
habitats would not be economical. 

	 In such a scenario, plant tissue culture 
becomes a valuable tool in mass production of 
these commercially valuable metabolites which 
could be enhanced by controlled additions of 
elicitors (both biotic and abiotic). Research also 
suggested that faster proliferation rate and bio-
synthetic cycle in cell and organ culture leads 
to higher metabolic rate and consequently in-
creased synthesis of valuable secondary me-
tabolites when compared with field grown plants 
(3). Stress in any form is a crucial factor in alter-
ing the phytochemical profile of the plant. Elici-
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tation using external elicitors will induce stress 
in the plant thereby leading to stimulation of pro-
duction of specific plant secondary metabolites. 
Elicitors are chemically distinct from each other 
and various factors like type of elicitor, concen-
tration,  duration of exposure, treatment sched-
ule, culture type, cell line, medium composition, 
presence or absence of growth regulator, and 
age or stage of the culture at the time of elicitor 
treatment are the major factors that can deter-
mine the effectiveness of the elicitation strate-
gies on biomass and secondary metabolite pro-
duction (4 -9). 

	 Research suggested that abiotic elic-
itors like nitrogen source, sucrose and phos-
phate in the medium affect the concentration 
of L-DOPA in tissue culture of Mucuna pruriens 
(10). Scientists have also reported several fold 
increase in concentration of L- DOPA in pres-
ence of biotic elicitors like methyl jasmonate, 
pectin, chitin or precursor tyrosine in suspen-
sion cultures of M. pruriens and M. prurita (11). 
Production of dopamine has also been reported 
in the cell suspension cultures of Celosia ar-
gentea  var.  plumosa (12). Previous work has 
proved the presence of catecholamines and 
predecessors in the inflorescence of Gomphre-
na globosa (13). The present study attempted to 
induce callus production from G. globosa, quan-
tify the catecholamines present in the callus and 
then the use of elicitors (chitosan as the biotic 
elicitor and copper sulphate as abiotic elicitor) to 
increase the production of catecholamines viz.  
dopamine and epinephrine as well as catechol-
amine precursors viz L-tyrosine and L-DOPA.

Materials and Methods

Callus induction

Plant material for callus induction

	 The plant G. globosa was grown in the 
garden of Ramnarain Ruia Autonomous Col-
lege, Mumbai. Node, internode and leaf of G. 
globosa were selected as explants for induc-
tion of callus. These surface sterilized explants 
were then separately transferred under aseptic 

conditions within a laminar air flow to Murashiga 
and Skoog (MS) basal medium supplemented 
with BA (1 mg/L) + NA (0.1 mg/L) and MS basal 
medium with 2,4 D (1 mg/L) + Kn (0.5 mg/L). 
The tubes inoculated with the explants were 
kept in a culture room for callus initiation at 25 
± 2ºC, 9 hr photoperiod under white fluorescent 
light (3000 lux). The hormonal combination that 
showed the best callusing was selected for sub-
culturing and elicitation studies.

Proliferation and Maintenance of the callus

	 For callus maintenance, one month old 
calli were transferred to MS + 2,4 D (1 mg/L) + 
Kn (0.5 mg/L). The cultures were maintained at 
25 ± 2°C under a 9 hr photoperiod at 3000lux 
light intensity. After sufficient quantity of the cal-
lus was obtained, they were subjected to elicita-
tion studies.

Elicitation study

Establishment of callus suspension culture

	 The callus of G. globosa was main-
tained on MS+ 2,4 D (1 mg/L) + Kn (0.5 mg/L). 
The cell suspension culture was established in 
liquid MS medium supplemented with the same 
hormones. This suspension culture was used 
for elicitation studies using chitosan (100 mg/L 
and 200 mg/L) as the biotic and copper sulphate 
(0.1mg/L and 0.5 mg/L) as the abiotic elicitors.

0.5 gm of G. globosa callus was transferred in 
40 ml of the liquid MS medium containing 2,4 D 
(1 mg/L) and Kn (0.5 mg/L). 

	 The flasks were kept on shaker incuba-
tor (at temperature between 25 ± 2°C at an rpm 
between 70-80) for a period of 5 days followed 
by addition of the elicitors and then subsequent-
ly removing the culture bottles on Day 5, Day 10 
and Day 15 respectively.

Sample preparation

	 The suspended cells (after incubation) 
were weighed and then subjected to methan-
olic extraction for 18 hrs. The filtrate was also 
subjected to extraction of catecholamines and 
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precursors in methanol in the same manner.  
The callus extracts and the filtrate extracts were 
then used for estimation of catecholamines by 
LCMS/MS.

Standard preparation

	 10 ml of the 1000 ppm stock solution of 
the standards; L-Tyrosine, L-DOPA, Dopamine 
and Epinephrine; were prepared. The standards 
were dissolved in minimum quantity 0.1 N HCl 
and the volume made upto 10 ml with methanol.

LC parameters

	 HPLC (Shimadzu Prominence Binary 
Gradient System, Shimadzu Corporation, Ja-
pan) equipped with a binary pump (20AD), de-
gasser, an autosampler (SIL-20AC), a tempera-
ture-controlled column compartment CTO-20AC 
and photodiode array detector (SPD-M20A) 
was used. Chromatographic data was acquired 
using Labsolutions software. The analysis was 
done using Shim-pack MAqC-ODS I (150 mm 
x 4.6mm l.D.,5μm) column. The mobile phase 
comprised of-(A) 0.1% formic in water (B) 0.1% 
Formic acid in acetonitrile in a gradient mode. 

Results and Discussion

	 Of the hormonal combinations used 
best callusing was observed for leaf explant 
of G. globosa on MS+2,4-D (1 mg/L) + Kn (0.5 
mg/L). Previous work has reported the pres-
ence of catecholamines and predecessors in 
the inflorescence of G. globosa (13).  Light de-
pendent synthesis of epinephrine, norepineph-
rine and dopamine in Portulaca grandiflora cal-
lus has been reported by researchers (14). An 
attempt was therefore made in the current study 
to detect the catecholamines and precursors by 
stimulating their synthesis through elicitation us-
ing biotic and abiotic elicitors.

	 LCMS/MS quantitation of L-tyrosine, 
L-DOPA, dopamine and epinephrine from both 
callus and filtrate was carried out. On consid-
ering the total concentration (from callus and 
filtrate) of L-tyrosine was highest on day 10 
(3.898±0.191 ppb) with 200 mg/L chitosan while 

the total concentration of L-DOPA was high-
est on day 15 (0.785±0.075 ppb) when 0.5% 
CuSO4 was used (Fig 1 and 4). The total con-
centration of dopamine was highest on day 15 
(0.689±0.053 ppb) when 0.5% copper sulphate 
was used as the elicitor whereas, the total con-
centration of epinephrine was highest on day 
10 (3.258±0.630 ppb) with 200 mg/L chitosan 
(Fig 2 and 3). The current study presented that 
200mg/L chitosan led to a four-fold increase of 
L-tyrosine(precursor) on day 10 from callus and 
a 3.3-fold increase in epinephrine on day 10. 
Similar high concentration of epinephrine was 
reported in callus of P. grandiflora (14). The cur-
rent study also observed that with 0.5% CuSO4 
a seventy-fold increase in L-DOPA concentra-
tion on day 15 and a fifty-two-fold increase in 
dopamine concentration on day 10 was ob-
served. A 9.25-fold increase in L-DOPA content 
in the callus of H. enneaspermus and presence 
of dopamine (not more than 42.08 mg/ gm dry 
weight) in suspension cultures of Celosia ar-
gentea var. plumosa has been reported by re-
searchers (12, 15). In general, significant accu-
mulation of catecholamine precursor L-tyrosine 
was observed in callus when chitosan was used 
as elicitor while L-DOPA accumulated when 
copper sulphate was the elicitor. Dopamine and 
epinephrine concentration were lower than con-
trol callus concentrations. Quantitation of the 
catecholamines and their precursors from fil-
trate showed high concentration of L- tyrosine 
and epinephrine by day 10 when chitosan was 
the elicitor while L-DOPA and dopamine produc-
tion enhanced by day 15 with copper sulphate 
as elicitor. The present work also concluded that 
of all the components quantitated, the content 
of L-tyrosine was the highest followed by epi-
nephrine, L-DOPA and dopamine respective-
ly. The study also noted that while L- tyrosine 
was maximally retained in the cell, L-DOPA, 
dopamine and epinephrine were maximally re-
leased into the medium. L-tyrosine, a precursor 
of L-DOPA and catecholamines (dopamine and 
epinephrine), is an amino acid required for pro-
tein synthesis as well as for synthesis of other 
commercially important secondary metabolites 
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like betalains, capsaicin, benzophenanthridine, 
rosmarinic acid, coumaric acid, caff eic acid, 
cinnamic acid, securinine, phenylethanoid gly-
cosides, other alkaloids and phenolics to name 
a few (16- 24). The maximal retention of L-ty-

rosine within the cell and its high content can 
therefore be attributed to it being an important 
precursor of protein synthesis and betalains 
which are known to be produced in G.globosa.

Fig.1: Quantitation of L-tyrosine(ppb) from 
suspension culture of G.globosa in presence of 
biotic and abiotic elicitors.

Fig.2: Quantitation of L-DOPA (ppb) from 
suspension culture of G.globosa in presence of 
biotic and abiotic elicitors.

Fig.3: Quantitation of dopamine (ppb) from 
suspension culture of G.globosa in presence of 
biotic and abiotic elicitors.

Fig.4: Quantitation of epinephrine (ppb) from 
suspension culture of G.globosa in presence of 
biotic and abiotic elicitors.

Conclusion

 The LCMS/MS quantitation showed that chi-
tosan was the best elicitor for enhancing L-ty-
rosine and epinephrine content while copper 
sulphate was best suited for enhancing L-DO-
PA and dopamine concentrations. The present 
study can be used as a model system to in-
crease production these metabolites from other 
plant sources via tissue culturing.
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Abstract

Escherichia coli is a gram- negative bac-
teria and is common for bacterial disease that 
affects the intestinal tract. DNA gyrase A was an 
enzyme which is responsible for DNA breakage 
and reunion are mostly released by Escherich-
ia coli bacteria in human gastrointestinal tract, 
causing a situation called gastroenteritis. Nor-
mally in native DNA gyrase A protein, the 83th 
position is occupied by serine residue which is 
mutated to phenylalanine making the enzyme 
as antibiotic resistant against the known anti-
bacterial drugs. Nalidixic acid is mainly used in 
the treatment for urinary tract infections caused 
by gram-negative bacteria. Here, according to 
our present study, we compared binding affini-
ties of native protein structure and mutated pro-
tein structure of E. coli DNA gyrase A against 
the Nalidixic acid. ADMET properties, bioactive 
scores and other parameters of the ligand struc-
ture were calculated using various tools includ-
ing SwissADME, pkCSM software as well as 
PreADMET web tool. Lastly molecular docking 
study was carried out using AutoDock Vina soft-
ware and the results were evaluated on the ba-
sis of iMod server. After comparing the docking 
scores, it was observed that the mutated protein 
(-5.5 kCal/mol.) shows more binding affinity to-
wards nalidixic acid than the native protein (-5.3 
kCal/mol.) Although, more in-vitro and in-vivo 
studies need to be performed to get a satisfac-
tory conclusion. 

Keywords: Bacterial DNA Gyrase, Drug dis-
covery, Nalidixic acid, Molecular docking inter-
action.

Introduction

DNA gyrase is an enzyme which be-
longs to class of Topoisomerase enzyme; more 
specifically Topoisomerase II. This enzyme 
mainly catalyses the ATP-dependent negative 
super-coiling of double-stranded closed-cir-
cular DNA (1,2). It is divided into two subunits 
preferentially known as Gyrase A and Gyrase 
B; among which DNA Gyrase A (GyrA) is made 
up of two functional groups like N-terminal and 
C-terminal. DNA-protein bridges which are 
formed by N-terminal responsible for breaking 
and re-joining function whereas C-terminal was 
responsible for DNA-binding non-specifically 
(3-5). GyrA was used for DNA cleavage and 
ligation for the tyrosine which is an active site 
of GyrA.  This enzyme is resistant to multiple 
fluoroquinolones in enteric bacteria because 
of the spontaneous mutation happens in GyrA 
enzyme. ‘Escherichia coli releases the DNA Gy-
rase A enzyme in human gastrointestinal tract 
that may not be directly related to gastroenteri-
tis. As per the literature study it has been not-
ed that mutation occurs at 83rd position of GyrA 
making the bacterial genome as antibiotic re-
sistant. One more such variation occurs where 
serine at 83rd position was mutated to phenylal-
anine (S83F). “Sandhya Bansal; Vibha Tandon. 
(2011). Contribution of mutations in DNA gyrase 
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and topoisomerase IV genes to ciprofloxacin 
resistance in Escherichia coli clinical isolates. , 
37(3), 253–255”

In case of drug discovery for such dis-
order, we need to have mutated GyrA structure 
which is not available in the database. So, this 
sequence structure gap in the study will be very 
useful for understanding the drug discovery 
approach (6, 7). In account of drug discovery 
Nalidixic acid (C12H12N2O3) is such a synthetic 
quinolone and antibacterial agent that can be 
active against mostly gram-negative organisms 
(8-11). Due to mutation in the GyrA sequence, 
it has become antibiotic resistance which desta-
bilizes the structure upon binding. ”Pourahmad 
Jaktaji R, Mohiti E. Study of Mutations in the 
DNA gyrase gyrA Gene of Escherichia coli. Iran 
J Pharm Res. 2010 Winter;9(1):43-8” To find 
the protein-ligand interaction stability between 
the native and the mutant structure by using 
sequence analysis and molecular docking, we 
have taken Nalidixic acid as the ligand, which 
could show the stability result upon binding with 
our desired protein (Native and Mutant) struc-
ture so that  we could determine that weather 
Nalidixic acid has any positive role against the 
disease gastroenteritis or not (Fig 1). The direct 
and rational process for drug discovery was 
molecular docking and here the protein-ligand 
binding energies calculated in kilo calories per 
mole (Kcal/mol).

6RKU protein has been selected. This protein 
denotes the crystal structure of E. coli DNA Gy-
rase A subunit, belonging to ligase family. From 
Protein Databank (http://www.rcsb.org/), the 3D 
structure of 6RKU (Fig 2) has been obtained. 
Then to stabilize the receptor structures, the 
already attached ligands and water molecules 
were removed by BIOVIA Discovery Studio 
2020 software (https://discover.3ds.com/dis-
covery-studio-visualizer-download/) (12). In or-
der to prepare the mutant version of the protein 
structure, SPDBV software (https://spdbv.unil.
ch/) has been used. By using this software, the 
serine residue at 83rd position of the native pro-
tein was mutated to phenylalanine. 

Fig. 2: The Superimposed Structure of Both the 
Native 6RKU and Mutated 6RKU

Validation of protein structure

	 The newly generated protein PDB 
structure was then undergone through a series 
of quality analyses including ERRAT, Procheck 
using SAVES 6.0 (https://saves.mbi.ucla.edu/) 
(13, 14), and ProSA-web (https://prosa.ser-
vices.came.sbg.ac.at/prosa.php/) (15). 

Selection and preparation of the ligands 

	  Chemical compounds, or more pre-
cisely, bioactive ligands i.e., Nalidixic acid, was 
chosen on the basis of literature study (Fig 3). 
2D Structure Data Format (SDF) of all chemical 
compounds or ligand files were retrieved from 
PubChem (www.pubchem.ncbi.nlm.nih.gov/) 
and later translated to their 3D PDB format us-
ing Open Babel software. A PDBQT format file 
was created after adding (16) hydrogenating 
atoms and the desired torsion to a PDB format 

Fig. 1: The Graphical Abstract

Materials and Methods

Selection and preparation of Receptor or 
Protein

For the purpose of protein selection, 
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file.

Fig. 3: The 3D Chemical Structure of Nalidixic 
acid

Validation of compound structures

SwissADME prediction of the compounds

Adsorption, Distribution, Metabolism 
and Excretion all-together termed as ADME is 
a very profitable process to assess all those 
previously mentioned parameters of the ligands 
using the server of SwissADME website (https://
www.swissadme.ch/) (17, 18). 

Toxicity prediction of the compounds

In case of drug designing and establish-
ment of a suitable drug compound, it is a very 
necessary step to predict the toxicity level of 
the small compounds or rather ligands before 
investigating their endurance capacity when 
ingested into any animal model like mouse, rat 
as well as in human too. There are two online 
servers available for these purposes, they are: 
PreADMET server (https://preadmet.bmdrc.kr/) 
(19, 20) and pkCSM (Predicting Small-Mole-
cule Pharmacokinetic Properties Using Graph-
Based Signature) (http://biosig.unimelb.edu.au/
pkcsm/) (21). In case of PreADMET server, first 
the SDF structures retrieved from the “Pourah-
mad Jaktaji R, Mohiti E. Study of Mutations 
in the DNA gyrase gyrA Gene of Escherichia 

coli. Iran J Pharm Res. 2010 Winter;9(1):43-8” 
Pubchem were converted to mol2 format us-
ing Open babel software and then submitted 
to the online server for toxicity prediction: mu-
tagenicity (AMES test), carcinogenicity (for rat 
and mouse) and hERG inhibition. On the other 
hand, SMILEs structure of each ligand, derived 
from Pubchem database were directly submit-
ted to the pkCSM server to analyse the results 
of LD50 (mol/kg) and highest permissible dos-
age for human (log mg/kg/day).

Molecular docking interaction using Aut-
oDock Vina

AutoDock Vina software (http://vina.
scripps.edu/) (22) for molecular docking and 
virtual screening that significantly improves effi-
cient binding mode predictions, thereafter gives 
more accuracy in protein-ligand interaction. Aut-
oDock Vina works by calculating the grid maps 
and clusters. Before proceeding to final dock-
ing step, Kollman charges and other modifica-
tions were added to the purified form of protein 
and converted into a proper readable PDBQT 
file format. Similarly, ligand is also transformed 
into PDBQT file. A grid box on active residues 
of protein was generated with different grid di-
mensions and centres but with similar spacing 
i.e., 0.375. The exhaustiveness was set at 8 and 
binding energy affinity was predicted with Aut-
oDock Vina software. The final visualization of 
docked structure was performed using BIOVIA 
Discovery Studio 2020 (https://discover.3ds.
com/discovery-studio-visualizer-download/) 
and PYMOL software (https://pymol.org/) (23). 

Assessment of structural hotspots and bind-
ing pockets on the receptor protein

An online server called CASTp 3.0 
(http://sts.bioe.uic.edu/) (24) is used to predict 
active amino acid residues, or alternatively 
structural hotspots on the receptor protein. A 
systematic quantitative characterisation of the 
surface topography of proteins is often provided 
by the Computer Atlas Surface Topography of 
Protein (CASTp).
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Results and Discussion

Validation of protein structure

According to the predictions made by 
the aforementioned web tools, Fig 4 depicts the 
overall quality of recognition of the 3D protein 
PDB structure native 6RKU as well as mutant 
6RKU. The process of approving an ideal pro-
tein structure involves confirming the protein 
PDB model using a number of quality control 
metrics. According to ERRAT’s results, both the 
native and mutant the proteins exhibit a qual-
ity score of 85%, indicating that the protein is 
well-modelled. The “overall quality factor” for 
non-bonded atomic interactions is displayed, 

with higher values denoting higher quality. Mov-
ing on, the ProSA-web result displayed the pro-
tein’s total z score. In this case, the scores are 
-7.95 (native) and -7.88 (mutant), indicating that 
both the structures are located within the X-ray 
region. The Ramachandran plot of the protein 
models then showed that, in accordance with 
the PROCHECK result, 86% of residues were 
found in the most preferred regions, followed by 
13.0% in additional allowed and 0 % in gener-
ously allowed and disallowed regions. The col-
lective outcomes derived from the previously 
mentioned attributes indicate that native and 
mutant version of 6RKU protein is of high quali-
ty and appropriate for additional molecular inter-
action analysis.

Fig. 4: Results Showing Quality Checking Parameters of [A] Native 6RKU and [B] Mutated 6RKU 

Validation of compound structures

SwissADME prediction of the compounds

It is intended for the study to apply a 
variety of in-silico techniques to assess the 
computational aspects of the therapeutical-
ly active elements. Upon submission of ligand 
structure in SMILEs format, SwissADME results 
are generated based on ADME/toxicity analysis 
and Lipinski filter analysis upon submission of 

the ligand structure in SMILEs format. Here in 
our result, we have represented the outcome of 
the drug likeliness data in a tabulated manner. 
(Table 1) 

According to the SwissADME server 
derived drug likeliness result, from Table 1, Na-
lidixic acid shows satisfactory result with 0 viola-
tions.That means, nalidixic acid follow Lipinski’s 
rule 5 completely (Molecular weight must not 
exceed 500 Dalton; Hydrogen bond donors and 
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acceptors must not exceed 5 and 10 respective-
ly and last but not least, the octanol-water parti-
tion coefficient should not cross 5) (25). In addi-
tion, bioavailability scores describe how quickly 
and how much a molecule enters the blood-
stream after oral delivery, eventually reaching 

Name of the 
compound

Toxicity

Mutagenicity Carcinogenicity

Rat Mouse hERG inhibition

Nalidixic acid Mutagen Negative Negative Low risk

the desired areas, according to Table 1, all se-
lected compounds show the similar score i.e., 
0.85. This value implies that the compounds 
have 85% probability of being bioavailable (26). 

Table 1: Showing Results of Drug Likeliness of 

Nalidixic acid

Name of the 
Compound

Lipinski’s Rule
Satisfactory No. of Violations Bioavailability Score

Nalidixic acid Yes 0 0.85

Toxicity prediction of the compounds

Assessing the toxicity of small com-
pounds is an essential stage in the drug dis-
covery approach. The PreADMET server’s tox-
icological prediction result, which includes the 
chemicals’ hERG inhibition, mutagenicity, and 
carcinogenicity are shown in Table 2. According 
to the result, the negative prediction translates 
carcinogenic activity whereas positive means 
the compound possess no carcinogenic activi-
ty (18). Talking about the mutagenic character-
istics, all compounds are mutagenic in nature. 
In case of hERG inhibition, most of the com-
pounds show medium to low probabilities of 
blogging hERG gene that often associated with 
sudden heart attacks in humans (27). The result 
obtained from pkCSM server is given in Table 3. 

The term “LD50” refers to the concentration of 
a test substance deemed to be lethal for 50% 
of the test subjects in the treated group; in this 
case, the lethal dose for rats has been deter-
mined and is stated in terms of mol/kg. It is one 
method of determining a compound’s acute tox-
icity, or short-term poisoning potential. 

The highest dose or quantity of a med-
icine or test substance that does not manifest 
any undesirable side effects is referred to as the 
maximum tolerated dose. It is identified through 
multiple clinical trials that involve gradually rais-
ing the dosage in various human populations 
until and unless a tolerable adverse impact is 
observed. The unit of expression is log mg/kg/
day (28).

Table 2: Showing Results of Toxicity Analysis of Nalidixic acid

Name of the Compound Oral Rat Acute Toxicity (LD 
50)

Maximum Tolerated Dose (Hu-
man)

Nalidixic acid 2.48 1.644

Table 3: Showing Results of LD 50 Value and Maximum Tolerated Dose for Human of Nalidixic acid
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Molecular docking interaction using Aut-
oDock Vina

The binding affinity of nalidixic acid with 
the necessary protein crystal structure of E. coli 
DNA Gyrase A subunit (6RKU, 6RKU_m) is as-
certained based on the docking analysis per-
formed by AutoDock Vina. The ligand with the 
highest binding affinity to the proteins is the one 
with greater negative binding energy. We have 

chosen nalidixic acid based on our research, 
and it exhibits a unique set of results due to 
variations in its binding capacity with the target 
protein receptors (6RKU, 6RKU_m). As report-
ed by the docking result, nalidixic acid shows 
the maximum binding affinity i.e., -5.5 kcal/ mol. 
with 6RKU_m followed by -5.3 kcal/mol. against 
6RKU. Replace this line with Fig 5A-5B show 
the 3D and 2D interactions mode between the 
protein and the ligand molecule. 

Fig. 5A: Figure Showing Molecular Docking Interaction Between Native 6RKU And Nalidixic Acid 
with Respective 2D and 3D View of Interactions

Fig. 5B: Figure Showing Molecular Docking Interaction Between Mutated 6RKU And Nalidixic Acid 
with Respective 2D and 3D View of Interactions
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Assessment of structural hotspots and bind-
ing pockets on the receptor protein

Table 4 displays the findings for the 3D 
protein PDB structure 6RKU and 6RKU_m.  ob-

tained from the CASTp 3.0 online server. This 
outcome demonstrates the key amino acids 
involved in the particular protein-ligand interac-
tion. 

Table 4: Table Showing Active Amino Acid Residues Obtained via Molecular Docking Interaction for 
Each of the Receptor Proteins [6RKU and 6RKU_m] Along with the Ligand

Name of the 
compound

Name of 
the protein

Active Amino Acid Residues

  Nalidixic acid

6RKU ALA 62, GLY 75, LYS 76, TYR 149, ASP 150, THR 152
6RKU_m ALA 62, LYS 64, LYS 65, LYS 76, GLU 124, TYR 149, ASP 150, 

THR 152

Fig 6 shows the active binding pockets 
which are present in the 3D protein (6RKU). 
Each binding pockets represent the ligand at-
tachment region on the protein. Binding pockets 
(1-5) are differentiated on the basis of their size 
and volume.

Fig. 6: Figure Showing the Active Binding Pock-
ets on The Protein 6RKU

Conclusion

Virtual screening via molecular docking 
is one of the most popular approaches to eval-
uate the binding possibility between a receptor 
protein and ligand structures. Generally, molec-
ular interaction study shows that protein-ligand 
binding only happens when free energy change 
is negative along with increasing negative value 
of the binding energy corresponds the increased 
stability between protein-ligand complex. Ac-
cording to our study, we have performed dock-
ing interactions between the native and mutant 
form of bacterial DNA gyrase with a common 

quinolone antibiotic Nalidixic acid. Upon car-
rying out and alongside validating all the nec-
essary variables for in-silico screening, it was 
revealed that nalidixic acid showed more stable 
interaction with the mutant version of bacterial 
DNA gyrase than the native one. From this initial 
virtual work, we can conclude that nalidixic acid 
showed active target towards the  E. coli DNAs, 
by exhibiting positive interaction against mutat-
ed version of the target protein. Furthermore, 
to establish this hypothesis into original theory, 
more in-vivo and in-vitro studies are required.
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Abstract 

This study primarily aims to co-relate 
the health benefits of tea intake, an accesso-
ry dietary supplement as a preventive remedy 
against COVID-19 and the inclusion of derivat-
ized polyphenols in addition to the alcohol based 
anti-viral disinfectants providing increased lon-
gevity. A methodical exploration of databases 
such as ScienceDirect, Taylor & Francis Online, 
and Google Scholar was conducted using a va-
riety of keyword combinations. The abstracts of 
all the retrieved results were scrutinized, and 
any studies deemed irrelevant were exclud-
ed from further assessment. Tea Polyphenols 
have been known to contain several defensive 
phytochemical compounds namely catechins, 
theaflavins, tannins and flavonoids. Amongst 
these, catechins more particularly, Epigallo-
catechin gallate (EGCG), a major component 
of green tea along with its lipophilic derivatives 
and theaflavins from black tea account for ad-
ditional biological significance. Recent literature 
and molecular simulation studies have reported 
their potency as anti-viral agents with their effec-
tiveness against the SARS-CoV-2, commonly 
known as the novel coronavirus, causing global 
pandemic with several deaths worldwide. Fur-
ther, we emphasize on the need to explore poly-
phenolic compounds as adjuvants with the ap-
proved class of drugs employed for combating 
the severe acute respiratory syndrome (SARS) 
virus. This would aid in developing a novel class 

of drugs with plant-based compounds adding to 
the cumulative effect against the viral infections. 
Although, EGCG has been studied extensively, 
in vitro, and in vivo clinical studies with respect 
to its anti-viral capability would necessarily pro-
vide a new horizon to the scientific and medical 
fraternity in formulating drugs with a higher ratio 
of natural to the synthetic counterparts, thereby 
decreasing toxicity.

Keywords 

Covid-19, viral infections, tea polyphenols, 
EGCG, theaflavins

Introduction

The World Health Organization recently 
announced the spread of the epidemic disease 
and named it as the 2019-novel coronavirus dis-
ease (2019-nCoV also known as COVID19) (1). 
Coronaviruses are positive sense single stan-
dard enveloped RNA viruses that are known to 
spread out among mammals including humans 
and birds. They show spherical or slight pleo-
morphic structure when they are viewed under 
an electron microscope with a genome size of 
26 – 36 kb. They have more than 20,000 nucle-
otides, it consists of pp1a and pp1ab, two poly-
proteins, and is broken down by viral proteases. 
Alpha, beta, gamma, and delta are the four kinds 
of coronaviruses that are distinguished pheno-
typically and serologically from one another. 
They are reported to cause respiratory, enteric, 
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hepatic, and neurologic diseases(2). The main 
origin of the virus is speculated to be from a bat, 
which later becomes transmitted to humans by 
several other sources(3). The symptoms as-
sociated with this viral disease include majorly 
throat infection, cough, runny nose, fever and 
respiratory related issues(4). Ever since, sever-
al stringent preventive measures are being tak-
en in order to curb the spread of the virus. The 
treatment strategies mainly involved include the 
use of antibiotics, corticosteroids, antiviral drugs, 
immunomodulatory drugs and oxygen therapy 
based on the extent of severity. Also, vaccines 
are being administered to safeguard individuals 
and to reduce the complications posed by the 
contraction of the SARS-CoV-2. However, it is 
imperative to include supplementary drug mole-
cules as eff ective remedies to limit the transmis-
sion of the disease. Plant derived compounds 
serve to be effi  cient against a wide spectrum of 
diseases including the ones caused by viruses. 
Tea polyphenols, thus are being looked upon 
for their anti-viral properties. Literature studies 
envisage epigallocatechin-3-gallate (EGCG) 
to be one of the major constituents present in 
green tea, accounting for nearly 50% to 80% of 
a brewed cup of green tea(5). The counter part-
ner to EGCG is the group of theafl avins found in 

black tea which are fermented or oxidized forms 
of green tea. Both of these components found 
majorly in green and black tea respectively, 
have garnered attention for their anti-viral po-
tency. The inhibitory eff ects of EGCG on a wide 
array of viruses make it an alternative anti-viral 
agent. These compounds have been proven to 
be essential as additional dietary supplements. 
Thus, as a preventive measure against the pre-
vailing viral disease are discovery of novel and 
eff ective drugs that can signifi cantly reduce the 
load of virus in the body, and other options are 
development of multiepitope based vaccine for 
the control of virus infections (6). This review 
discusses about the myriad of health benefi ts 
gained on regular tea consumption acknowl-
edging the previous research and literature 
based studies and  puts forward an overview  i) 
focusing mainly on the two value added compo-
nents: EGCG and theafl avins ii) analyzing tea 
polyphenols as potential adjuvants and nutra-
ceuticals agents providing defense against the 
novel corona virus iii) contributing to the future 
perspectives that would enable further research 
and development in synthesizing combinatorial 
drugs with a major proportion of naturally de-
rived constituents against COVID-19 (Figure 1).   

Figure 1. The SARS-CoV-2 virion and lifecycle depicting the application of polyphenols in battling 
COVID-19.
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Pathogenesis of Covid-19

The SARS-CoV-2 virus has a single 
strand and is positive RNA, with a size of around 
29.9 kB. Research studies on these viral strains 
suggest them to be made up of four structural 
proteins, namely, the spike (S), membrane (M), 
envelop (E) and nucleocapsid (N) proteins (7) 
.The pulmonary epithelial cells specifically ex-
press the much-discussed receptor ACE-2 (an-
giotensin-converting enzyme-2), later identified 
to be the functional receptor for SARS-CoV. 

It has been speculated that this host receptor 
binds the S protein to initiate the host-pathogen 
interaction providing viral entry(8). According to 
research on these viruses, type II cells’ microvilli 
and airway cells’ apical cilia may be in charge 
of enabling viral entry (9). There are 14 open 
reading frames (ORFs) in SARS-CoV-2, and 
these ORFs encode for 27 distinct proteins (10). 
Replication and transcription of the viral ge-
nome is carried out using RNA-dependent RNA 
polymerase (RdRP/nsp12). Nsp7 and nsp8 are 
the associated co-factors required during the 
viral RNA synthesis catalyzed by RdRP(11). 
COVID-19 can be divided into the following 
three stages based on the extent of its infection:

Stage 1: Asymptomatic phase

This is the initial stage of infection oc-
curring in the first two days upon the entry of 
SARS-CoV-2. The primary receptor involved 
here is ACE2. According to the in vitro studies, 
the conducting airways are where the ciliated 
cells first become infected. To fully comprehend 
their activity in vivo, more research is necessary.  
The innate response is limited at this stage. Na-
sal swabs are used for the detection of the viral 
infection. These are found to be more sensitive 
compared to the throat swabs providing effec-
tive results on analysis using RT-PCR.

Stage 2: Upper airway tract infection

The virus continues to spread and prog-
ress in the respiratory system, intensifying the 
body’s defenses. Beta and lambda interferons 

are mostly produced by the virus-infected host 
epithelial cells (12). The disease is restricted to 
this stage for the majority of the patients and 
could be treated with home isolation with the 
prescribed medication. The pathogenicity of the 
virus, which in extreme cases is quite compara-
ble to that of SARS, causes coronavirus to have 
a substantial unfavorable impact on the respira-
tory system. Most COVID-19 patients only have 
mild side effects; approximately 4% to 5% of 
severe cases require hospitalization or oxygen 
support. Severe cases of COVID-19 can result 
in septic shock, acute respiratory distress syn-
drome (ARDS), acute renal failure, heart failure, 
and sepsis. Age and chronic conditions have 
been identified as death risk factors. A high 
sequential organic failure assessment (SOFA) 
score has been verified in recent multivariate 
analyses of old age and has been linked to in-
creased mortality.

Stage 3: Lower airway tract infection

Severity increases for some patients 
with the development of pulmonary infiltrates, 
and they enter stage 3 with the symptoms of hy-
poxia and progression to ARDS (Acute Respira-
tory Distress Syndrome). The virus now infects 
and multiplies within the alveolar type Ⅱ cells 
causing apoptosis and cell death (13). Eventu-
ally it leads to the destruction of both type Ⅰ and 
type Ⅱ alveolar cells. The end pathological re-
sult of SARS-CoV-2 is the severe alveolar dam-
age. Due to their weakened immune systems 
and less capacity to heal injured epithelium, 
elderly individuals are more vulnerable. Most 
patients initially have a fever or no respiratory 
symptoms at all, but as lung tissue is lost, all pa-
tients eventually have varied degrees of pulmo-
nary abnormalities. These conditions have been 
documented using lung scan imaging. Also, due 
to reduced mucociliary clearance in such pa-
tients, the virus readily is allowed to spread the 
gas exchange units of the lung.

Assessment of biochemical markers in 
Covid-19 patients
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The timely management of Covid-19 
makes the laboratory tests mandatory for con-
trolling the viral spread and detection of the 
asymptomatic cases. Several serological tests 
are performed for monitoring the affected pa-
tients considering the associated biochemical 
markers. This leads to speedy isolation and in 
turn assists in containment of the disease (14). 

The laboratory parameters facilitate the under-
standing of the infection’s severity while also 
predicting the likelihood that it will worsen and 
result in potentially fatal consequences like 
multiple organ failure (MOF), DIC, and ARDS 
(15). An elevated immune response called the 
cytokine storm causes damage to several tis-
sues consequently worsening the disease pro-
gression (16). Higher blood concentrations of 
IFN-γ, IL6, IL10, and IL2 have been document-
ed in severe cases. Analogously, in critically ill 
patients, neutrophil-to-lymphocyte ratio (NLR) 
and neutrophil-to-CD8+ T cell ratio (N8R) can 
be significant diagnostic variables. In addition, 
it has been noted that the serum levels of all 
cytokines (IL-2, IL-4, IL-10, IFN-γ, and TNF-α) 
except for IL-6 peak three to six days after the 
disease contraction (17). C-reactive protein, a 
plasma protein induced by different inflamma-
tory mediators such as IL-6 is synthesized by 
the liver. It is used as a major clinical biomarker 
associated with inflammation (18). In addition to 
this, hepatic markers such as the alanine ami-
notransferase (ALT), AST and total bilirubin are 
routinely assessed in seriously ill patients indi-
cating about the liver function (19). Additionally, 
cardiac, renal and pancreatic biomarkers are 
also assessed during the disease progression 
aiding in better treatment upon diagnosis. The 
elevated levels of C reactive proteins, lactate 
dehydrogenase (LDH), erythrocyte sedimenta-
tion rate (ESR), creatinine kinase, alanine ami-
notransferase (ALT), aspartate transaminase 
(AST), D-dimer, and low serum albumin report-
ed in COVID-19 patients’ serological diagno-
sis indicate sepsis, which may eventually lead 
to the development of multiorgan failure upon 
further progression.(20). This urges the need 

to safeguard we and develop a strong immune 
system that restricts the viral growth. Literature 
studies have entitled tea polyphenols to be po-
tent immunity boosters.

Health benefits of regular tea intake

Tea polyphenols have gained consider-
able public attention since tea consumption is 
directly proportional to multiple health effects. 
In recent years, GTCs, especially EGCG, have 
been recognized to contain multi-purpose bio-
active molecules contributing to antitumorigen-
ic, anti-inflammatory, antioxidative, anti-prolifer-
ative, antibacterial, and antiviral effects. Green 
tea has been reported to possess antiviral ac-
tivity toward coronaviruses(21). In accordance 
with a study conducted by Mandel, the inclusion 
of plant flavonoids in diet, for people with known 
family history would aid in a prophylactic treat-
ment prior to contracting debilitating diseases 
such as AD or PD(22). Recent preclinical re-
search suggests that the green tea component 
EGCG may be able to enhance the pharma-
cological effects of existing medications when 
used in a combination therapy regimen. Long 
term green tea intake leads to decreased ox-
idative stress with an increase in GSH/GSSG 
ratio and total SOD activity. However, it de-
creases protein oxidation, lipid peroxidation and 
modulates the CREB activation. This in a cas-
cade eventually causes prevention of age-re-
lated spatial memory decline. Furthermore, tea 
polyphenols are expected to find application in 
the food industries as food preservatives due 
to their antioxidant and antimicrobial activi-
ties(23). Considering their anti-microbial ability, 
they are being explored lately as natural agents 
in fighting against several viral infections in-
cluding COVID-19. Formulating valuable drug 
regulators to tackle the cytokine driven hyper 
inflammatory responses for the effective man-
agement of COVID-19 becomes essential. De-
spite the constant efforts of the scientific com-
munity, there occurs to be a dearth of effective 
drugs against the viral infections. In regard to 
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such circumstances, a new preventive antiviral 
approach with the application of tea polyphe-
nols that turns out to be cost effective and pro 
environmental provides a fresh landscape in 
the medicinal domain. Polyphenols have been 
shown in earlier research to help reduce pro-in-
flammatory cytokines, such as kaempferol, 
resveratrol, epigallocatechin gallate,  emodin, 

naringenin, apigenin, and curcumin, both in vi-
tro and in vivo.(24, 25). Table 1 and 2 illustrate 
the numerous health benefits associated with 
the regular consumption of tea polyphenols and 
Table 3 highlights on the in vitro and molecular 
simulation studies with relevant viral molecular 
targets conducted recently.

Table 1. The in vitro studies evaluating anti-viral capabilities of polyphenolic compounds
Type Genome Tea type

G r e e n /
b l a c k /
both

Compounds Experimental
Paradigm

Mechanism R e f e r -
ence

Coronavi-
rus

ssRNA Both Theaflavins,
EGCG

HRT-18 Neutralization Activity, mo-
lecular docking studies

(26)

Rotavirus ssRNA Both Theaflavins,
EGCG

BSC-1, Vero 
cells (ATCC 
CCL-81)

Neutralization Activity, an-
ti-oxidative effect

(27)

Zika ssRNA Green EGCG Vero E6 cells interaction of drug with the 
lipid envelope

(28)

In f luenza 
A/H1N1

ssRNA Green EGCG MDCK cells Alteration in virus-host in-
teraction

(29)

Influenza A 
and B

ssRNA Black theaflavins MDCK cells blockage of virus-receptor 
interaction and attenuation 
of viral replication

(30)

Dengue ssRNA Green EGCG Vero cells causing deformation of the 
virus molecule

(22)

W e s t 
Nile virus 
(WNV)

ssRNA Green EGCG Vero cells 
(ATCC CCL-81)

Virucidal effect during the 
early stages of infection

(18)

C h i k u n -
gunya

ssRNA Green EGCG HEK 293T cells Virus attachment inhibited (16)

Ebola ssRNA Green EGCG HeLa cells, 
C57BL/6 mice

HSPA5 host factor was 
modulated

(31)

HIV-1 ssRNA Both EGCG and 
theaflavins

MT-2, H9/HIV-1 inhibits the entry of virus 
targeting gp41

(32)

HCV ssRNA Both Theaflavins,

EGCG

Huh-7 cells, 
Huh-7.5 cells

Inhibits virus- receptor in-
teraction

(24)
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Table 2. The in vitro and in vivo studies employing major polyphenolic compounds against chronic 
diseases based on previous research.

Cellular func-
tion

P o l y p h e n o l / 
Compound

Experimental
Paradigm

Mechanism Reference

Anti-bacterial GTP C57BL/6 male mice Increased CAT, SOD in the pro-
cess of ileal injury caused by 
Salmonella typhimurium

(33)

Anti-fungal EGCG M. canis, T. mentagro-
phytes, T. rubrum

not clearly defined (34)

Anti-aging epicatechin db/db mice Improvement in the age-relat-
ed biomarkers and modulates 
AMPK activity

(35)

Anti-obesity Theaflavins

EGCG

C57BL6 male mice Promotes lipid metabolism by 
activating AMPK, ROS mediat-
ed blocking

(36)

Anti-oxidative EGCG Wistar male albino 
rats

Increased activities of CAT, 
SOD, GSR

(37)

Anti-inflammatory EGCG Spargue-Dawley rats

(contusive SCI)

Regulated expression of TNF-α 
IL-1β, iNOS and COX-2

(38)

Anti-hypertensive BTP and GTP SHRSP rats MLC phosphorylation lowered 
with anti-oxidative properties

(39)

Anti-proliferation EGCG MCF-7, H460, and 
H1975 cancer cells, 
H460 and MCF-7 
mice models

Reduces IRS-1 levels and sup-
presses the MAPK pathway

(40)

Anti-cancer
(Breast cancer)

EGCG MCF-7 cells Modulation of P53/Bcl-2 signal-
ing pathway

(41)

Positive mood Cocoa polyphe-
nols

Volunteers Involvement of the GABAergic 
systems

(42)

Anti-anxiety Epicatechin C57BL/6 mice Elevates BDNF levels and 
modulates neurotrophic and 
monoaminergic signaling path-
ways

(43)

Anti-depressant GTP Male ICR mice inhibits the hypothalamic–pitu-
itary–adrenal axis

(44)

Anti-diabetic L-EGCGd STZ-induced diabetic 
rats

Inhibition of α-glucosidase (45)

Anti-atheroscle-
rotic

EGCG ApoE-/- mice

(C57BL/6J)

Regulation of LXR/SREBP-1 
pathway

(46)

Cytoprotective EGCG Vero cells (ATCC 
CCL-81)

Alteration of cellular redox mi-
lieu

(47)

Neuroprotective EGCG transgenic G93A ALS 
model mice

Decrease of death signals, 
GSK3β, cyto c, caspase-3

(48)
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Table 3. Molecular targets and inhibition of the proinflammatory biomarkers based on in vitro re-
search and molecular simulation studies.

Drug targets Compound Mechanism Reference
3CLpro/Mpro/Nsp5 EGCG, ECG, GCG

TF2, TF3
Mpro-polyphenol complex (in silico docking)
BE (EGCG):-7.6kcal/mol
TF2: -9.8 kcal/mol
TF3:-10 kcal/mol

(49)

PLpro EGCG In silico docking studies
BE:-8.601 kcal/mol

(50)

RdRp EGCG, TF2a, TF2b, TF3 In silico studies (51)
S protein RBD 
(PDB: 6VXX)

EGCG, TF In silico studies (52)

ACE2 EGCG, TF3 Binding with ACE2 receptor prevents viral 
entry, regulating ACE 2 expression

(53)

IL6 EGCG MIF inhibition causing anti-inflammatory ef-
fect

(54)

IL-1β EGCG blocks IL-1β (55)
IL-2 EGCG Inhibits IL-2 proprietary α chains promoting 

T-cell regulation
(56)

IFN-γ EGCG Binds to SEB,  neutralizes it and inhibits 
IFN-γ and IL-2

(57)

Tea polyphenols as anti-viral agents 

Research has indicated that tea poly-
phenols possess antiviral capabilities against 
multiple viruses, such as COVID-19(34–37). 
The body’s immunity against COVID-19 and 
other viral infectious diseases can be strength-
ened by tea polyphenol (34). Tea polyphenols 
have the ability to inhibit COVID-19 through 
a number of mechanisms, such as activating 
transcription factors, blocking cellular receptors, 
and inhibiting multiple viral targets(34). Poly-
phenols have an antiviral effect because of their 
ability to disrupt host cell defence by controlling 
the mitogen-activated protein kinase signal, or 
because of their interaction with viral protein 
and/or RNA through the benzene ring. Tea poly-
phenols have the ability to decrease vascular 
permeability by blocking neutrophil migration 
across the endothelial cell monolayer(34). Two 
tea-derived polyphenols, theaflavins from black 
tea and epigallocatechin-3-gallate (EGCG) from 

green tea, have been reviewed for their antiviral 
properties (35). It has been found that EGCG 
inhibits hepatitis C virus entry(38). It has been 
observed that theaflavin-3,3’-digallate (TF3) in-
hibits the virus’s hemagglutinin by preventing 
the virus from adhering to MDCK cells (39). Tea 
polyphenols can also prevent and intervene in 
COVID-19 through the gut-lung axis(36, 37). 
Several such studies stating the antiviral capa-
bilities of polyphenols have been given in Table 
1 with their mechanism of action.

Multifaceted strengths with the intake of di-
etary polyphenols

Epidemiological studies and related 
meta-analyses suggest that long-term intake 
of diets high in polyphenols may offer protec-
tion against the development of certain chron-
ic diseases, such as diabetes, osteoporosis, 
neurological diseases, and cardiovascular dis-
eases (53-54). Tables 2 and 3 describe the in 
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vitro, in vivo, and in silico studies conducted to 
determine the effectiveness of various polyphe-
nols against various disease targets and their 
mechanisms of action. The beneficial effects of 
polyphenols seem to be mediated through their 
interactions with related machinery and cellular 
signaling pathways that regulate cell function in 
both healthy and diseased states. The capacity 
of dietary polyphenols to lessen the effects of 
oxidation on the human body, shield organs and 
cell structure from degradation, and preserve 
their functional integrity are just a few of their 
advantages (55).

Neurodegenerative diseases

Polyphenols have been reported to 
have neuroprotective properties and can con-
tribute to reduced outcomes in neuropsychiatric 
disorders (56). In addition to enhancing hippo-
campus neurogenesis, learning abilities, memo-
ry, and mood, they can also enhance language, 
verbal memory, visual, and cognitive functions 
(56, 57). In older adults, polyphenols have the 
ability to improve verbal fluency, psychomotor 
abilities, attention speed, episodic memory, and 
overall cognitive performance while also mod-
ulating cerebral hemodynamics and resting 
regional cerebral blood flow. Pure herbal com-
pounds, including green tea polyphenol (-)-epi-
gallocatechin-3-gallate, resveratrol, curcumin, 
quercetin, and others, as well as extracts rich 
in polyphenols that exhibit the most promising 
neuroprotective effects, have been reviewed in 
terms of their therapeutic potential (58).

Antioxidant properties

Polyphenols act as antioxidants in the 
body, that is, they aid in defending the body and 
scavenging free radicals that harm cells (59). By 
scavenging reactive oxygen species (ROS) and 
modifying signaling pathways, they can improve 
cardiovascular system health outcomes and 
shield people from cardiovascular diseases. 
Polyphenols have the capacity to inhibit neu-
roinflammation, shield neurons from damage 
brought on by neurotoxins, and enhance mem-
ory, learning, and cognitive function, among oth-

er neuroprotective effects (60). 

Cancer prevention

Polyphenols have been shown to have 
potential preventive and therapeutic effects for 
cancer(61). They can modulate multiple mo-
lecular events involved in carcinogenesis and 
have anti-inflammatory properties. Some of the 
polyphenols that have been studied for their an-
ticancer properties including green tea polyphe-
nol (–) epigallocatechin-3-O-gallate (EGCG), 
curcumin, resveratrol, apigenin, quercetin, and 
kaempferol (62). By scavenging ROS, poly-
phenols have the ability to prevent the growth 
of tumors, cause apoptosis in cancerous cells, 
and impede the evolution of malignancies. To 
increase the chemo-preventive effects of tra-
ditional chemotherapy, this type of therapeutic 
approach can be applied. In order to better can-
cer treatment and control with natural products, 
polyphenols can regulate important compo-
nents of cancer signaling pathways. This em-
phasizes the significance of having a thorough 
grasp of these controls (63).

Cardiovascular health

It is commonly believed that polyphe-
nols can prevent cardiovascular disease (64). 
Diets high in polyphenols may be linked to a 
lower prevalence of cardiovascular diseases, 
including myocardial infarction and coronary 
heart disease, according to epidemiological re-
search. These substances’ antithrombotic, an-
ti-inflammatory, and anti-aggregative qualities 
can enhance endothelial function and prevent 
platelet aggregation. BPolyphenols like resver-
atrol, curcumin, and epigallocatechin gallate 
(EGCG) have been demonstrated to improve 
cardiovascular health by lowering reactive ox-
ygen species (ROS) and changing signaling 
pathways (65). P A diet rich in polyphenols 
reduces the risk of cardiovascular disease, its 
complications, and the associated mortality. 
Polyphenol-rich cuisines include the French 
diet, which emphasizes red wine consumption, 
the diets of the Far East, which stress the drink-
ing of green tea, the South Asian diet, which 
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largely uses turmeric, and the Mediterranean 
diet, which emphasizes olive oil use (66).

Safety and toxicity of tea polyphenols

Despite the fact that pre-clinical model 
systems have demonstrated the cancer-preven-
tion potential of tea and its polyphenols. But it’s 
crucial to consider these substances’ toxicity 
and safety, especially when taking large doses 
or using them over an extended length of time. 
Several clinical studies have investigated the 
safety and pharmacokinetics of tea polyphe-
nols in humans. In one such study involving 40 
individuals, researchers administered 800mg 
EGCG once/day, 400mg EGCG twice/day, 800 
mg EGCG as Polyphenol E once/day, 400mg 
EGCG as Polyphenol E twice/day or a placebo 
to the 5 groups (8 individuals per group). Ac-
cording to the study’s findings, a healthy per-
son can safely take tea polyphenol products for 
four weeks at doses equal to the EGCG found 
in eight to sixteen cups of green tea, either once 
a day or in divided doses twice a day. TThe 
researchers also found that chronic green tea 
polyphenol treatment at a high daily bolus dose 
(800 mg EGCG or Polyphenon E once daily) in-
creases the systemic availability of free EGCG 
by more than 60% (67).

In a 2018 scientific opinion, the EFSA 
ANS Panel examined 12 clinical studies in 
which participants received EGCG. The panel 
concluded that, as long as EGCG intake is kept 
to a daily maximum of 300 mg, catechins from 
traditional green tea infusions and reconstituted 
drinks with a composition equivalent to tradi-
tional infusions are generally regarded as safe 
under the presumption of safety. A statistically 
significant increase in serum transaminase, a 
marker of liver injury, has been observed in re-
sponse to doses of EGCG taken as a food sup-
plement of 800 mg or more per day, according 
to the panel’s analysis of the 12 clinical studies.
(68).

In a preliminary study, adult patients 
with solid tumors were given oral green tea 
extract at doses ranging from 0.5 to 5.05g/

m2. The majority of these dose levels demon-
strated mild to moderate toxicities, which were 
quickly reversed when the green tea extract 
was stopped. The highest amount that could be 
tolerated was 4.2 g/m2 per day, or 1 g/m2 three 
times a day. Caffeine-related toxicities, such 
as gastrointestinal and neurological effects, 
were the dose-limiting toxicities (69). Where-
as EGCG levels did not accumulate or seem 
to be dose related, pharmacokinetic analyses 
revealed that caffeine levels accumulated in a 
dose-dependent manner. Overall, the available 
evidence suggests that green tea polyphenols 
are generally safe and well-tolerated when ad-
ministered at recommended doses. However, 
caution should be exercised when administer-
ing high doses of these compounds, particularly 
in individuals with pre-existing liver or gastroin-
testinal conditions. Further research is needed 
to fully understand the safety and toxicity of 
green tea polyphenols in humans (70).

An alternative approach in the preparation 
of sanitizers

Currently, there are countless mea-
sures that are being taken in multiple ways to 
prevent the entry of viruses. One of the strate-
gies majorly includes the use of alcohol-based 
sanitizers which in turn prove to be useful in 
disinfecting the skin against the micro-organ-
isms. They are marketed under several brand 
labels and made available at every corner (71). 
However, when it comes to the formulation of 
these products there are still certain issues that 
need to be addressed with respect to their over-
all effectiveness, toxicity of certain ingredients, 
environmental pollution, and the short-term du-
ration of their anti-microbial activity with their 
use(72). Therefore, there is an urgent need for 
an alternative approach that could certainly aid 
in the effectiveness, increase its longevity and 
at same time remain nontoxic and pro environ-
mental. Considering the issue, are the group of 
compounds tea polyphenols, particularly, epi-
gallocatechin-3-gallate (EGCG) and its lipophil-
ic derivatives. Based on literature studies, they 
are found to be effective against a wide range of 
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viral infections and have been proven to contain 
novel inhibitory and anti-viral properties (73). 
Hence, they appear to be strong contenders 
in developing alternative methods for formulat-
ing sanitizers with improved and better version 
thereby, providing long term anti-microbial ef-
fects. 

Summary and future perspectives

The SARS-Co-V-2 and the identified vari-
ants remain to be the deadliest form of the vi-
ral agents, reported to have caused millions of 
deaths worldwide. The uncontrolled transmis-
sion of the virus via respiratory droplets and 
aerosols requires in depth research regarding 
the host-viral interactions. As a solution to com-
bat the deadly virus, several synthetic drugs 
have been approved by the FDA on an urgent 
basis. Moreover, persistent administration of 
these drugs mediates immunosuppression. 
Also, these being synthetic in nature have been 
reported to have multiple side effects restricting 
their use during the course of the disease. In 
many cases, patients have been known to re-
port other complications that include nausea, 
dizziness, increased uric acid levels in blood, 
decreased white blood cell count particularly, 
neutrophils, cardiac diseases, abnormal liver 
function tests, etc (74). Thus, the intake of high-
er dosage of these drugs makes the patient to 
have a higher probability to acquire other chron-
ic diseases. This eventually, leads to falling into 
a loop where the individual becomes prone to 
long term illness. Regardless of the caveats, 
these approved drugs remain to be the only 
class of medicines as of now, amidst the alarm-
ing spread of the viral diseases. Research work 
is still in progress to comprehend about the be-
havior and spread of the virus along with their 
variants which would help in formulating broad 
spectrum anti-viral drugs (75). Furthermore, fu-
ture studies are needed to address the amal-
gamative application of natural and synthetic 
compounds providing synergistic effects. In 
continuation with our purpose, the following ar-
eas necessitate to delve into the employment of 
polyphenols as accessory compounds against 

the viral infections. 

i) To determine whether the molecular sim-
ulation studies can be duplicated onto animal 
models and further translated to human sub-
jects. ii) To identify the possible link between tea 
consumption (black or green) and decreased 
rate of acquiring the viral infections mainly the 
novel coronavirus. iii) To evaluate the effective-
ness of tea polyphenols as added dietary sup-
plement and immunity boosting agents that aid 
against fighting the viral infections by perform-
ing thorough in vivo and cohort studies, since 
an effective immune system is the only struc-
tured way to overcome these diseases. iv) To 
implement deeper understanding in the devel-
opment of combinatorial drugs comprising of 
natural and synthetic origins with a higher dos-
age of plant-based compounds and their deriv-
atives (76).

Conclusion

The Covid-19 outbreak has turned to 
an international health emergency with sever-
al efforts being made worldwide to contain the 
spread of the disease. In this study, we shortly 
outline the collective health benefits with the in-
take of tea along with an emphasis on the pro-
phylaxis and treatment of viral infections adding 
tea polyphenols as potential adjuvants in deal-
ing against viral infections. Although, this does 
not in any way certainly promote their solo us-
age. They could only be used as supplementary 
agents and nutraceuticals along with the avail-
able set of precautionary measures and medi-
cations. Nonetheless, polyphenols and their de-
rivatives in combination with the other anti-viral 
drugs could possibly aid in designing a novel 
set of medicines having both natural and syn-
thetic origin. This would facilitate the switch to a 
better and improved class of drugs with lesser 
toxicity and better efficacy. 
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Abstract

The present study is planned for phy-
tochemical analysis and to evaluate the ne-
phroprotective effect of methanol seed extract 
of Rumex vesicarius on cisplatin-induced neph-
rotoxicity. The study initiated with pharmacog-
nostic studies of seeds followed by preparation 
of methanol extract by using hot extraction 
method. Then the preliminary phytochemical 
studies were performed followed by HPLC and 
GC-MS analysis. Further in vitro antioxidant 
studies were performed by adopting DPPH, 
ABTS and NO techniques. Further Pharmaco-
logical studies were initiated with acute toxicity 
studies. Nephroprotective activity in cisplatin 
induced model is evaluated by the determi-
nation of levels of serum markers and urinary 
functional parameters. Phytochemical analysis 
revealed the presence of bioactive phytoconstit-
uents. HPLC revealed in the presence of rutin, 
whereas GC-MS analysis of methanolic extract 
resulted in 108 compounds. Upon in vitro anti-
oxidant studies the seed extract exhibited mark-
able antioxidant activity. Animal studies showed 
that methanol extract successfully ameliorated 
the nephrotoxicity induced by cisplatin in dose 
dependent passion.  Hereby the current study 
resulted in identification of phytochemical com-
pounds in seeds of Rumex vesicarius and also 

scientifically validated the ethnomedicinal use 
of seeds of Rumex vesicarius in attenuation of 
renal problems.

Keywords: Nephrotoxicity, Cisplatin, Rumex 
vesicarius, Phytochemical.

Introduction

Even with the rapid advancement of 
molecular medicine, the search for natural rem-
edies and the discovery of novel phytochemi-
cals remain vast areas of study. Since antiquity, 
family or cultural tradition has dictated how to 
consume therapeutic plants. This practise has 
been transmitted through the centuries and is 
now common in folk medicine. (1,2). Numerous 
studies on herbal medicines are being undertak-
en constantly because they are widely accepted 
by people as a healthy alternative to treatments 
based on chemicals or genetics (3). There are 
numerous functional secondary metabolites 
found in medicinal plants throughout the plant, 
but many of these compounds’ biological activi-
ties are still unknown (4).

In traditional medicine wide number of 
medicinal plants are used to treat many diseas-
es and disorders including renal problems and 
many of them are not evaluated scientifically. 
Rumex vesicarius L., is one such plant. It is a 
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member of the Polygonaceae family and has 
green, edible leaves. The abundance of ß-car-
otenes, vitamins, proteins, lipids, organic acids, 
and minerals in this shrub makes it a valuable 
nutritional supplement (5). The plant is used to 
treat tumours, hepatic disorders, bad digestion, 
constipation, heart problems, aches, illnesses 
of the spleen, bloating, hiccough, asthma, bron-
chitis, dyspepsia, dermatitis, toothache, and 
nausea (6). The entire plant is medicinally note-
worthy and heals a number of maladies. 

Prominently seeds of this plant is used 
to cure urinary and renal troubles by tribal peo-
ple of various regions of India (7). Hence the 
current study was aimed at the identification of 
phytoconstituents and evaluation of the nephro-
protective activity of seeds of Rumex vesicarius 
in cisplatin- induced rat model. 

Materials and Methods

Plant material collection and authentication

Plant material (Seeds of Rumex vesi-
carius) was obtained from a local market in Tir-
upati, Andhra Pradesh, then authenticated by 
botanist Dr. K. Madhava Chetty, an assistant 
professor in the department of botany at S.V. 
University, Tirupati. A voucher specimen (No. 
0911) was subsequently submitted.

Pharmacognostic studies

Powder microscopy was carried out as 
per the standard methodology by treating with 
different chemical reagents and identification 
of diagnostic characters (8). Seed powder was 
subjected for determination of varied physico-
chemical parameters as per the procedures 
mentioned in Ayurvedic Pharmacopoeia 1996 
(9).

Extract preparation

The seeds were ground up into a coarse pow-
der, and the extract was made by macerating 
them with methanol and then extracting them 
using a hot extraction process (10).

Preliminary phytochemical screening

Preliminary phytochemical studies was 
performed for the methanol extract of seeds of  
Rumex vesicarius (MERV) to screen the pres-
ence of various phytoconstituents as per stan-
dard procedures (11).

Quantitative estimation of Phenols and Fla-
vonoids 

Tannic acid was used as a reference to 
evaluate the extracts’ total phenolic content us-
ing the Folin-Ciocalteu reagent (12). Utilizing al-
uminium chloride colorimetry, it was possible to 
quantify the total flavonoid concentration. Using 
established techniques, the extract’s flavonoid 
content (quercetin equivalent) was determined 
(13).

HPLC analysis

HPLC of the crude extract was per-
formed on column C18 Phenomenox 5u,4.6×250 
mm. The mobile phase used for the analysis 
was methanol and water; injection volume: 20 
μl;  flow rate: 1ml/min and detected at 254nm. 

GC-MS analysis

       The “Clarus 680 GC. Gas chromatograph 
fitted and linked to a mass detector Turbo mass 
gold-Perkin Elmer with turbomass version 5.2.0 
spectrometer with an Elite-5MS (5% Phenyl 
95% dimethyl Polysilioxane), 30m x 500m id 
capillary column” was used to conduct the GC-
MS analysis of the MERV. The instrument’s ini-
tial temperature setting was 600C. The oven’s 
temperature was then increased to 3000C. at 
the rate of hike of 100C/min, and maintained for 
6min. Helium flow rate: 1.0ml/min; Ionization 
voltage: 70eV. Injection of samples in split mode 
at 1:10. The component spectrums were com-
pared to the database of component spectrums 
in the GC-MS NIST library. Further bioactivity 
of the compounds was predicted based on Dr.
Dukes ethnomedicinal database (14).

In vitro antioxidant studies
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DPPH antioxidant activity 

(2, 2-Diphenyl-1-picrylhydrazyl (DPPH) as-
say

MERV in concentrations from 1 to 5 mg/
mL was taken and method adopted for DPPH 
antioxidant activity was as per Olamide et al., 
2017 (15). Ascorbic acid (Vitamin C) was used 
standard.  

ABTS (2,2’-azino-bis (3-ethylbenzothiazo-
line-6-sulphonic acid) radical scavenging 
activity

The extract’s ability to scavenge ABTS 
was compared to that of ascorbic acid, and % 
inhibition was calculated using the accepted 
techniques (16).

Nitric oxide scavenging (NOS) assay  

The NOS assay was conducted by us-
ing reagents like sodium nitroprusside, Griess 
reagent etc by methods of Reddy et al., 2020 
(17).

Pharmacological screening of nephropro-
tective activity 

Animals

The current study made use of healthy 
Wistar strain albino rats that were 2 to 3 months 
old and weighed 150 to 200g. The experiment 
was conducted in accordance with the Institu-
tional Animal Ethical Committee’s (IAEC) ap-
proval and Committee for the Purpose of Con-
trol and Supervision of Experiments on Animals 
(CPCSEA) of India’s requirements (Registration 
No. Ref No. 1677/PO/Res/S/2012/CPCSEA/
IAEC/14/23-02-19).

Acute toxicity studies 

Acute toxicity studies were performed 
as per OECD 423 guidelines (18).

Treatment protocol 19:

Five groups of six animals each were 

formed out of the animals. Animals in Group 
I were given the vehicle orally from days 1 
through 9 and were retained as a standard con-
trol. Animals in the Group-II were kept as dis-
ease controls and received a single dose of cis-
platin (6 mg/kg/b.w., i.p.) on day 5 and vehicle 
(water) orally from days 1 through 9. Animals 
in Group III were given methanol extract (200 
mg/kg b.w.) from Day 1 through Day 9, as well 
as cisplatin (6 mg/kg b.w., i.p.) on Day 5 and 
were retained as Lower dose treated animals. 
Animals in Group IV were given methanol ex-
tract (400 mg/kg b.w.) from days 1 through 9, as 
well as cisplatin (6 mg/kg b.w., i.p.) on days 5 
and were kept as higher dose treated animals. 
Animals in Group V were given Cystone (5 ml/
kg b.w.) from Days 1 through 9 and Cisplatin (6 
mg/kg b.w., i.p.) on Day 5 and were treated as 
Standard.

At the end of treatment, assessment of 
nephrotoxicity is done by estimation of urinary 
functional parameters, serum biochemical tests 
and Anti-oxidant studies to the isolated kidney 
tissue as per standard methodology (10). Sta-
tistical analysis carried out and the mean + 
standard error was used to express the data. 
Tukey-Kramer multiple comparison tests and 
one-way ANOVA were conducted, and mean 
values with p<0.05 were regarded as significant.

Results and Discussion

Pharmacognostic studies

The morphological characters were ex-
amined and seeds found to be light brown in co-
lour, odourless, slight sweet in taste and conical 
in shape. Powder microscopy of seed powder 
showed palisade cells, pitted xylem vessels, 
starch grains, annular xylem vessels, pitted tra-
cheids and parenchyma cells with cotyledons 
(Figure 1). Different physicochemical parame-
ters, such as ash values, extractive values, and 
loss on drying, were calculated and tabulated in 
Table 1.
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Figure 1: Powder microscopy of seed powder of Rumex vesicarius

Palisade cells Pitted xylem vessels

Annular xylem vessels Starch grains

Pitted trachids Parenchyma cells with cotyledons

Table 1: Physicochemical analysis of seeds of 
Rumex vesicarius

S.
No 

Parameters V a l u e s 
(%w/w)

1. Ash values
a)Total ash value
b)Acid insoluble ash
c)Water insoluble ash

1.4

0.504

1.14
2. Extractive values

a)Alcohol soluble ex-
tractive
b)Water soluble extractive
c)chloroform soluble ex-
tractive

72

42

20
3. Loss on drying 4.2

Screening for preliminary phytochemicals 
and quantitative estimate

Preliminary phytochemical screening 
of MERV revealed the presence of phenolic 
substances such as saponins, triterpinoids, gly-
cosides, and flavonoids. The Phenolic content 
was calculated as mg of gallic acid /g of plant 
material and it was found to be 64.80±1.50. The 
total flavonoid content of MERV were demon-
strated as quercetin equivalents per gram and 
was discovered to be  50.08±0.12 mg of quer-
cetin equivalent /g. 

HPLC analysis of of MERV

HPLC analysis of MERV resulted in 
20 number of peaks at different retention times 
ranging from 3.13 to 23.86 (Figure 2). Out of all 
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the peaks, peak eluted at 5.16 (retention time) in 
MERV was matched with rutin (Std) (Figure:2). 

Figure 2a: HPLC chromatogram of MERVFig-

ure 2b: HPLC chromatogram of RUTIN Figure 3: GC-MS chromatogram of MERV

GC-MS analysis of MERV

The GC-MS analysis of MERV re-
sulted in 108 compounds (Figure 3). Among 
them many of the compounds like 2,3-Anhy-
dro-d-mannosan, N-butyl-N-vinylacetamide, 
2-hydroxy-gamma-butyrolactone, P-Diox-
ane-2,3-diol, 4-Tosyl-diformal-1-rhamnitol are 
biologically active and may strongly provide in-
nate defense against oxidative stress.

In Vitro antioxidant studies

Antioxidant studies of MERV was de-
termined by three diff erent assays and results 
were tabulated in Table 4. IC50 values of MERV 

is 3.33 (DPPH), 2.57 (NOS) and 3.58 (ABTS). 
The scavenging activity was increased with the 
escalation in the concentrations of MERV (Table 
2). 

Table :2 Eff ect of MERV on in vitro antioxidants

Concentration
(mg/ml)

% inhibition of
DPPH

(Mean±SEM)

% inhibition
NOS

(Mean±SEM)

%inhibition
ABTS

(Mean±SEM)
    1 41.84±0.30 42.63±0.48 36.56±0.48

    2 42.28±0.52 50.93±0.59 41.16±0.56

    3 52.90±0.67 52.4±0.66 52.43±0.69

    4 52.92±0.77 53.2±0.69 53.2±0.74

    5 54.22±0.69 54.26±0.75 54±0.86

Standard 
(Vitamin C)

43.19±0.14 55.2±0.12 55.66±0.15

 IC50 3.33 2.57 3.58 
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Table 4: Effect of MERV on oxidative stress

Group Catalase (uM/min/mg 
protein)

SOD

(Units/mg pro-
tein)

GSH (µmol/mg 
protein)

MDA (nmol/mg 
protein)

I 45.58±0.52 26.75±0.66 12.42±0.48 43.58±1.46
II 17.38±0.37a* 8.25±0.30 a* 3.50±0.26 a* 98.75±0.54 a*

III 31.45±0.51b* 11.95±0.19 b* 4.1±0.33 b* 79.14±0.13 b*

IV 38.91±0.38b* 15.13±0.31 b* 6.9±0.20 b* 69.53±0.58 b*

V 43 .67±0.40 a* b* 17.25±0.61 a* b* 8.66±0.24 a* b* 55.82±0.13 a* b*

All values were expressed as mean±SEM of 6 observations 
a*=P<0.05, considered statistically significant when compared to the normal sgroup.
b*=P<0.05, considered statistically significant when compared to the disease control.

Pharmacological evaluation

Acute toxicity studies

There was no morbidity and animals 
had not shown any changes in behavior and no 
signs of toxicity.  Hence, the MERV was found 
to be safe at dose of 2000 mg/kg, b.w.

Effect of MERV on cisplatin-induced neph-
rotoxicity

When compared to normal animals, the 
administration of cisplatin led to a significantly 
higher (p 0.05) level of BUN, serum creatinine, 

urinary total protein, lipid peroxidation, and a 
lower level of urinary creatinine, as well as low-
er levels of reduced glutathione, catalase, and 
superoxide dismutase. However, treatment of 
the MERV considerably counteracted the ef-
fects of cisplatin in dose-dependent passion at 
both doses of 200 and 400 mg/kg,b.w (Table 5 
and 6). Furthermore, the illness control group 
also showed a considerable reduction in body 
weight. When compared to disease control, the 
extract-treated animals displayed a significant 
reduction in the decline of body weight. 

Table 3:  Effect of MERV on biochemical parameters of Cisplatin –induced nephrotoxicity

Group Serum creati-
nine(mg/dl)

Blood urea ni-
trogen(mg/dl)

Urine creati-
nine(mg/dl)

Total urinary 
protein(g/dl)

I 0.84±0.01 11.67±0.44 8.89±0.28 4.16±0.24

II 2.57±0.06 a* 28±0.38 a* 2.49±0.26 a* 11.93±0.26 a*

III 1.73±0.05b* 18.35±0.29 b* 5.65±0.27 b* 8.89±0.21 b*

IV 1.27±0.05 b* 12.50±0.24 b* 10.67±0.21 b* 5.56±0.27 b*

V 1.18±0.04a*b* 15.42±0.35 a*b* 9.33±0.44 a*b* 5.192±0.21 a*b*

All values were expressed as mean±SEM of 6 observations 
a*=P<0.05, considered statistically significant when compared to the normal group.
b*=P<0.05, considered statistically significant when compared to the disease control.
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Table 5:  Effect of MERV on body weight in cis-
platin- induced nephrotoxicity

Group
Body Weight

Initial Final
I 163.8±0.60 169.85±0.60
II 155±0.96a* 133.8±0.61 a*

III 145±0.98 b* 139±0.96 b*

IV 161±0.86 b* 152±0.89 b*

V 159.2±0.60 a* b* 151.8±0.62 a* b*

All values were expressed as mean±SEM of 6 
observations 
a*=P<0.05, considered statistically significant 
when compared to the normal group.
b*=P<0.05, considered statistically significant 
when compared to the disease control.

Discussion

Rumex vesicarius is one of several 
anti-oxidant-rich medicinal herbs. Tribes from 
several parts of India utilize its seeds as folk 
medicine to cure urological and renal issues. 
The goal of the current study was to assess the 
nephroprotective potential of Rumex vesicarius 
seeds. To evaluate the quality and purity of plant 
material, the work began with powder microsco-
py and was followed by physico-chemical anal-
ysis of Rumex vesicarius seeds. The presence 
of flavonoids and phenolic chemicals, which 
are known to have effective antioxidant and 
nephroprotective properties, was discovered in 
methanol extract by preliminary phytochemical 
analyses (20).

The phenolic and flavonoid content of 
MERV was found to be high overall. Rutin was 
detected in the MERV extract after additional 
HPLC analysis. According to earlier scientif-
ic research, rutin protects the kidneys against 
drug-induced nephrotoxicity (21).

A variety of bioactive chemicals were 
found in the Rumex vesicarius seed extract 
after GC-MS analysis and were discovered to 
have powerful antioxidant characteristics. The 
existence of phytochemical antioxidants was 

also confirmed by other in vitro antioxidant tests. 
According to earlier findings, plants with a high 
concentration of antioxidant phytochemicals are 
beneficial in reducing nephrotoxicity.

Nephrotoxicity is a serious conse-
quence of the effective anticancer medication 
cisplatin and a dose-limiting side effect (22). An 
increase in serum indicators, urine total protein, 
and malondialdehyde levels, as well as a de-
crease in urinary creatinine, GSH, SOD, and 
catalase levels, were all signs of renal impair-
ment brought on by the administration of cispla-
tin. According to studies by Fang et al. (2021), 
Yadav et al. (2019), these results are consistent 
(23,24).

As described in earlier investigations on 
different plants, treatment with MERV reduced 
the effects of cisplatin on dose-dependent pas-
sion. This might be brought on by MERV’s “free 
radical scavenging activity, enhanced glomer-
ular filtration, and rejuvenation in renal tubular 
cells.” Innate protection against oxidative stress 
brought on by cisplatin may be significantly at-
tributed to the presence of antioxidant principles 
such flavonoids, particularly rutin, and other 
phytoconstituents.

Conclusion

The current scientific research resulted 
in identification of various phytochemical com-
pounds in seeds of Rumex vesicarius. Further-
more, the current study presents scientific evi-
dence that supports the ethnomedicinal use of 
Rumex vesicarius seeds in the amelioration of 
renal issues. 
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Abstract 

This study aims to assess the biolog-
ical impacts and phytochemical compounds 
present in the leaves of Phragmites australis. 
Standard protocols were used for qualitative 
and quantitative chemical screening, where 
DPPH and FRAP assays were used to esti-
mate the antioxidant activity. Regarding the an-
ti-inflammatory potential, it was tested through 
the red blood cells’ protection against hemoly-
sis and the protection of protein from denatur-
ation. Using GC-MS, volatile compounds can 
be identified. Results show that more than 200 
volatile compounds in this plant were identified 
by the GC-MS analysis including 1-Dodeca-
nol (48.25%), Pyrazine, tetramethyl (1.28%), 
Heptadecane, 2,6,10,15-tetramethyl (0.91%), 
Cyclopentasiloxane, decamethyl (0.93%) and 
Cyclotetrasiloxane, octamethyl (0.56%). Quali-
tative phytochemical tests show the richness of 
the aqueous extract of different biocompounds 
such as polyphenols, flavonoids, terpenoids, 
tannins, and alkaloids. Total phenolic content 
and total flavonoids exhibit paramount concen-
tration (70,74±1,94 mg GA eq/ g dry extract and 
3,64±0,98 mg Q eq/ g dry extract). Results re-

veal a moderate antioxidant activity compared 
to the anti-inflammatory one whose values are 
prominent. We conclude that P. australis is a 
promising source of bioactive compounds that 
could be exploited in the pharmaceutical field. 

Keywords: P. australis; GC-MS; Polyphenols; 
Antioxidant; Anti-inflammatory; IC50.

Introduction

Plants continue to be a major source 
of new physiologically active chemicals. Many 
medicinal plant species are being evaluated for 
biological activity due to the growing interest in 
phytomedicine (1). The phytochemical compo-
nents of medicinal plants are responsible for the 
wide spectrum of pharmacological effects (2). 
Phragmites australis, or common reed, is a wet-
land species known for its abundance of bioac-
tive components in aqueous plant extracts such 
as tannins, phenolic compounds, flavonoids, 
terpenoids, and glycosides (3). The genus 
Phragmites contains more than ten species in 
the world (4). It is used in traditional medicine to 
cure a variety of human and livestock ailments 
(5). Aquatic extracts of P. australis rhizomes 
were shown to have antioxidant and hepatopro-
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tective effects. Furthermore, leaf extract has an-
ti-melanogenesis and antioxidant properties (6, 
7). Another study reported the antiviral activity 
of the plant aqueous extract (8). The intention of 
this study is to identify the phytochemical profile 
of Phragmites australis’ leaves using GC-MS 
analysis and to figure out the medicinal effec-
tiveness of the Algerian P. australis regarding 
inflammation and oxidative stress disorders.

Materials and methods

Plant material and extraction method

Phragmites australis specimens (figure 
1) were gathered in October 2022 from Toug-
gourt state in Algeria. Leaves were separat-
ed from specimens and cleaned with water to 
eliminate dust and debris and left to dry out in 
the shade before being ground to fine powder. 
Leaves’ aqueous extract was prepared as fol-
lows: 5 g of Phragmites australis leaves’ pow-
der was added to 50 ml of distilled water. The 
solution was exposed to a temperature of 50° 
C while stirring it for two hours. The prepara-
tion was then left to be macerated for 24 hours 
at room temperature. After filtring with a muslin 
cloth and filter paper, the filtrate was dried in a 
laboratory oven and saved in the freezer for fur-
ther use (9).

Figure 1: leaves of Phragmites australis

Phytochemical analyses

P. australis leaf extract was analyzed 
for the presence of several compounds such as 
phenols, tannins, alkaloids, steroids, saponins, 
flavonoids, and terpenoids using conventional 
protocols for phytochemical screening (10-12).

Determination of total phenol content

The total phenolic contents (TPC) of P. 
australis leaf extract was determined by the Fo-
lin Ciocalteu method (13).100 μl of the extract is 
mixed with 500  μl of the FC reagent and 400 μl 
of Na2CO3 at 7.5% (w / v). After 10 minutes of 
being stirred and incubated in the dark at room 
temperature, the absorbance of the solution is 
measured at 760 nm using a UV spectropho-
tometer. The results are expressed in mg gallic 
acid equivalent/ g of dry extract with reference 
to the calibration curve of gallic acid.

Determination of total flavonoid content

The total flavonoid contents (TFC) of 
P. australis leaf extract was determined as de-
scribed by (Dehpour A et al., 2009) (14). 500 μl 
of the extract, 100 μl AlCl3, 100μl of 1 M sodium 
acetate, and 2.8 ml of distilled water. The mix-
ture is incubated in the dark and at room tem-
perature for 30 minutes after being well stirred. 
The blank is made by replacing the extract with 
95% methanol and the absorbance is measured 
at 415nm using a UV spectrophotometer. The 
results are expressed in mg equivalent querce-
tin / g of dry extract material with reference to 
the quercetin calibration curve.

Gas chromatography and mass spectrosco-
py

Plant extract of leaves was prepared in 
universal solvent methanol for which 1μl plant 
extract was employed to quantify the volatile 
compounds by GCMS analysis. For extraction 
of volatiles headspace solid-phase micro-ex-
traction (SPME) with DVB/CAR/PDMS fiber 
was used. Firstly, the fiber was conditioned in 
the GC injection port at 270°C for 4 h. Then the 
fiber was put into the vial with the sample using 
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an adapter for 15 min at room temperature. Af-
ter that, the fiber was put into the injection port 
of a gas chromatograph for desorption. Desorp-
tion time was 10 min at 260°C in the splitless 
mode. For analysis was used a 7890A GC sys-
tem (Agilent Technologies, Santa Clara, United 
States) coupled with a 5975C VL Triple-Axis 
mass detector (Agilent Technologies, Santa 
Clara, United States). Separation was run on 
a DB-5MS capillary column (25 m × 0.2 mm; 
0.33 μm film thickness; J&W, Folsom, Califor-
nia) with helium as a carrier gas at a flow rate of 
0.6 mL/min. The temperature of the injector and 
transfer line were 260°C and 280°C, respective-
ly. The oven program of temperature was: the 
initial temperature at 40°C was held for 3 min, 
then increased at 4°C/min to 160°C and further 
increased at 10°C/min to 280°C, with the final 
temperature held for 3 min. The masses were 
scanned from 33 to 333 Da. The ionization en-
ergy value was set to 70 eV. The result interpre-
tation of GCMS data was evaluated using the 
National Institute of Standards and Technology 
(NIST) database. The comparative assessment 
assisted in identifying unknown chemicals when 
compared to the stored NIST library in order to 
investigate the available plant extract data. The 
molecular chemical data was derived by deter-
mining the name, formula, weight, and structure 

of the sample’s volatile components.

Data presentation and analysis

The results were expressed as mean ± 
standard deviation (SD), calculated from dupli-
cate determinations and the linear relationship 

was visually determined.

In vitro biological activities

The anti-oxidant activity is measured 
using two assays: DPPH free-radical scaveng-
ing activity as described by Nwidu et al. (15) and 
the ferric reducing anti-oxidant power assay 
(FRAP) as described by Oyaizu (16); while the 
anti-inflammatory effect of Phragmites australis 
and biosynthesized copper NPs was investigat-
ed in vitro using two methods. The first one is 
a measure of protein denaturation inhibition as 

described by Vennila, et al. (17), and the sec-
ond one is a measure of red blood cells protec-
tion against hemolysis as stated by Vinjamuri et 
al. (18).

Results and Discussion

Phytochemical screening

The phytochemical analyses show that 
leaf extract is rich in different active components 
(Table 1). A (+) indicates the presence of phyto-
chemicals, whereas a (-) indicates its absence.

Table 1: Phytochemical screening of P. australis 
leaves aqueous extract.

Phytochemical com-
pound

P. australis leaves 
aqueous extract

Polyphenols +
Flavoniods +
Alkaloids +
Tanins +

Saponins +
Terpenoids +

Reducing compounds +

Total phenolic content is expressed in 
terms of gallic acid equivalents (mg GA eq/ g of 
dry plant extract), whereas total flavoniods con-
tent is expressed in terms of quercetin equiv-
alents (mg Q eq/ g of dry plant extract), using 
the following equation based on the calibration 
curve: Y= 0,007x+0,009 (R2=0,985) for pheno-
lic compound and Y=0,006x+0,031 for flavo-
noids compounds (R2=0,993). The results are 
represented in Table 2.

Table 2: Total phenol and flavonoid contents in 
P. australis leaves aqueous extract.

Compounds

Total phenol 
content

mg GA eq/ g 
dry extract

Total flavo-
noid content

mg Q eq/ g dry 
extract

P. australis 
leaves aque-
ous extract

70.74±1.94 3.64±0.98
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GC-MS analysis 

The screening and the identification of 
volatile compounds of P. australis leaf extract 
were conducted through GC-MS chromato-
gram (Fig. 2). Using the GC-MS technique, 
more than 200 components were identified (Ta-

ble 3). The chemical constituents of P. austra-
lis were dominated by 1-Dodecanol (48.25%), 
Pyrazine, tetramethyl (1.28%), Heptadecane, 
2,6,10,15-tetramethyl (0.91%), Cyclopentasi-
loxane, decamethyl (0.93%) and Cyclotetrasi-
loxane, octamethyl (0.56%).

Table 3: Quantification of volatile compounds by GC-MS of P. australis leaf extract.

Peak 
# Name Formula R.T. (s) Area %

Pyridine, 2,4,6-trimethyl- C8H11N 519.375 0.185

Cyclotetrasiloxane, octamethyl- C8H24O4Si4 525.98 0.566

1-Hexanol, 2-ethyl- C8H18O 560.425 0.198
Cyclohexene, 4-ethenyl-1,4-dimethyl- C10H16 563.796 0.179
Pyrazine, tetramethyl- C8H12N2 623.786 1.287
Linalyl acetate C12H20O2 637.587 0.071
Nonanal C9H18O 641.938 0.088
Cyclopentasiloxane, decamethyl- C10H30O5Si5 691.491 0.939
Undecane C11H24 738.646 0.049
Cyclodecanol C10H20O 744.805 0.054
1,5-Dimethyl-1-vinyl-4-hexenyl butyrate C14H24O2 792.808 0.057
m-Ethylacetophenone C10H12O 804.602 0.007
Dodecane, 2,6,11-trimethyl- C15H32 816.363 0.029
(1R,3R,4S,5S)-1-Isopropyl-4-methylbicyclo[3.1.0]hexan-3-yl ac-
etate-rel C12H20O2 829.467 0.031

Dodecane, 2,6,11-trimethyl- C15H32 833.846 0.081
Undecanal C11H22O 841.331 0.019
Trimethylsilylcatecholpyruvatetris(trimethylsilyl) ether C21H40O5Si4 856.708 0.49
Triacetin C9H14O6 875.414 0.201
Tridecane, 5-methyl- C14H30 882.295 0.02
Pentanoic acid, 2,2,4-trimethyl-3-hydroxy-, isobutyl ester C12H24O3 887.91 0.305
Dodecane, 3-methyl- C13H28 890.952 0.092
Pentanoic acid, 2,2,4-trimethyl-3-hydroxy-, isobutyl ester C12H24O3 905.368 0.477
Octadecane, 6-methyl- C19H40 922.984 0.015
Dodecanal C12H24O 931.787 0.063
Bicyclo[5.2.0]nonane, 2-methylene-4,8,8-trimethyl-4-vinyl- C15H24 953.746 0.04
1-Dodecanol C12H26O 986.66 48.251
2,5-Cyclohexadiene-1,4-dione, 2,6-bis(1,1-dimethylethyl)- C14H20O2 988.172 0.083
Ethanone, 1-(6,6-dimethylbicyclo[3.1.0]hex-2-en-2-yl)- C10H14O 999.155 0.031
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3-Ethoxy-1,1,1,7,7,7-hexamethyl-3,5,5-tris(trimethylsiloxy)
tetrasiloxane C17H50O7Si7 1005.56 0.363

Tetracontane, 3,5,24-trimethyl- C43H88 1007.09 0.186
Oxirane, dodecyl- C14H28O 1017.19 0.026
Dodecanoic acid, methyl ester C13H26O2 1026.9 0.123
Ethyl dodecyl ether C14H30O 1032.92 0.086
Lilial C14H20O 1036.4 0.039
Hexadecane C16H34 1041.66 0.028
Decane, 5-propyl- C13H28 1044.73 0.015
Benzene, (1-propylheptyl)- C16H26 1048.45 0.016
Dodecane, 5-methyl- C13H28 1049.38 0.019
Hexane, 3,3-dimethyl- C8H18 1060.39 0.011
Heptadecane, 2,6,10,14-tetramethyl- C21H44 1064.15 0.03
2-Methyl-1-undecanol C12H26O 1080.98 0.19
1-Iodo-2-methylundecane C12H25I 1086.69 0.185
Diethyl Phthalate C12H14O4 1087.61 0.164
Diphenyl sulfide C12H10S 1088.24 0.025
trans-2-Dodecen-1-ol C12H24O 1097.83 0.01
Benzene, (1-butylheptyl)- C17H28 1117.73 0.036
Cyclopentaneacetic acid, 3-oxo-2-pentyl-, methyl ester C13H22O3 1132.68 0.243
Octane, 1,1’-oxybis- C16H34O 1135.74 0.056
3-Isopropoxy-1,1,1,7,7,7-hexamethyl-3,5,5-tris(trimethylsiloxy)
tetrasiloxane C18H52O7Si7 1138.43 0.355

Tetradecane, 2,2-dimethyl- C16H34 1140.89 0.018
Benzene, (1-ethylnonyl)- C17H28 1141.76 0.021
n-Hexyl salicylate C13H18O3 1152.93 0.025
1-Iodo-2-methylundecane C12H25I 1162.12 0.159
Heptadecane, 2,6,10,14-tetramethyl- C21H44 1166.71 0.11
Hydrazinecarboxamide CH5N3O 1186.1 0.012
Undecane, 4,6-dimethyl- C13H28 1194.08 0.051
n-Hexadecanoic acid C16H32O2 1203.45 0.041
Hydrazinecarboxamide CH5N3O 1225.78 0.006
1-Iodo-2-methylundecane C12H25I 1233.77 0.109
Hexadecane, 2,6,10,14-tetramethyl- C20H42 1240.95 0.079
Benzene, (1-methylundecyl)- C18H30 1243.14 0.017
Benzoic acid, 2-hydroxy-, 2-methylbutyl ester C12H16O3 1245.87 0.013
13-Methyltetradecanal C15H30O 1246.8 0.026
Isoamyllaurate C17H34O2 1265.1 0.411
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Dodecanoic acid, 1,1-dimethylpropyl ester C17H34O2 1267.63 0.081
Caffeine C8H10N4O2 1275.72 0.017
Hydrazinecarboxamide CH5N3O 1281.58 0.002
(1R,2R,4S)-2-(6-Chloropyridin-3-yl)-7-methyl-7-azabicyc-
lo[2.2.1]heptane C12H15ClN2 1282.25 0.008

Pentadecane C15H32 1302.02 0.05
Benzenemethanol, α-[1-(ethylmethylamino)ethyl]-, [R-(R*,S*)]- C12H19NO 1312.82 0.105
Benzene, (1-methylnonadecyl)- C26H46 1313.44 0.017
Hydrazinecarboxamide CH5N3O 1326 0.024
n-Hexadecanoic acid C16H32O2 1340.11 0.075
Dibutyl phthalate C16H22O4 1348.07 0.146
Cyclooctasiloxane, hexadecamethyl- C16H48O8Si8 1355.79 0.173
Dodecane, 4,6-dimethyl- C14H30 1367.08 0.022
Semicarbazide CH5N3O 1395.08 0.006
Hydrazinecarboxamide CH5N3O 1419.5 0.001
Nickel tetracarbonyl C4NiO4 1440.13 0.001
Hydrazinecarboxamide CH5N3O 1443.12 0.008
3-Ethoxy-1,1,1,7,7,7-hexamethyl-3,5,5-tris(trimethylsiloxy)
tetrasiloxane C17H50O7Si7 1449.59 0.121

dl-Alanyl-l-alanine C6H12N2O3 1451.96 0.003
Semicarbazide CH5N3O 1458.17 0.001
Hydrazinecarboxamide CH5N3O 1466.48 0.001
Benzenemethanol, α-(1-aminoethyl)- C9H13NO 1468.36 0.002
Semicarbazide CH5N3O 1512.72 0.002
Hexasiloxane, tetradecamethyl- C14H42O5Si6 1534.62 0.108
Hydrazinecarboxamide CH5N3O 1548.59 0.007
dl-Alanyl-l-alanine C6H12N2O3 1558.04 0.001
Hydrazinecarboxamide CH5N3O 1564.48 0.009
dl-Alanyl-l-alanine C6H12N2O3 1566.33 0.001
Hydrazinecarboxamide CH5N3O 1581.87 0.006
Semicarbazide CH5N3O 1602.56 0.002
Benzoic acid, octadecyl ester C25H42O2 1610.92 0.025
3-Isopropoxy-1,1,1,7,7,7-hexamethyl-3,5,5-tris(trimethylsiloxy)
tetrasiloxane C18H52O7Si7 1613 0.111

Semicarbazide CH5N3O 1615.36 0.001
1,2-Propanediamine C3H10N2 1625.08 0.001
Carbonic acid, bis(2-ethylhexyl) ester C17H34O3 1656.5 0.01
Benzoic acid, hexyl ester C13H18O2 1665.64 0.011
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Semicarbazide CH5N3O 1676.88 0.002
Nickel tetracarbonyl C4NiO4 1679.45 0.001
2-(2,2-Dimethy l -propionyl ) -1-(hydroxy-phenyl -meth-
yl)-1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid C22H25NO4 1680.59 0.017

Heptadecane, 2,6,10,15-tetramethyl- C21H44 1712.86 0.043
Hexanoic acid, 2-ethyl-, anhydride C16H30O3 1717.27 0.028
Heptadecane, 2,6,10,15-tetramethyl- C21H44 1732.3 0.912
Nickel tetracarbonyl C4NiO4 1754.93 0.002
Cyclononasiloxane, octadecamethyl- C18H54O9Si9 1757.19 0.114
N-(4-Nitrophenyl)-2-pyrrolidinecarboxamide, N’-acetyl C13H15N3O4 1758.46 0.008
Semicarbazide CH5N3O 1776.52 0.002
L-Prolinamide C5H10N2O 1786.44 0.004
Semicarbazide CH5N3O 1796.76 0.001
Nickel tetracarbonyl C4NiO4 1800.03 0
3-Methylhexan-2-amine C7H17N 1800.99 0.001
Hydrazinecarboxamide CH5N3O 1809.92 0.001
Semicarbazide CH5N3O 1829.39 0.002
Squalene C30H50 1835.7 0.13
3-Isopropoxy-1,1,1,7,7,7-hexamethyl-3,5,5-tris(trimethylsiloxy)
tetrasiloxane C18H52O7Si7 1839.53 0.104

Hydrazinecarboxamide CH5N3O 1843.67 0.057
Hydrazinecarboxamide CH5N3O 1896.43 0.005
1,2-Propanediamine C3H10N2 1910.64 0.002
dl-Alanyl-l-alanine C6H12N2O3 1915.17 0.001
Hydrazinecarboxamide CH5N3O 1936.29 0.004
Semicarbazide CH5N3O 1958.34 0.002

Figure 2: Spectrum of GCMS analysis and their 
volatile compounds representation of P. austra-
lis leaf extract.

Anti-oxidant activity 

Table 04 shows the IC50 values of the 
anti-oxidant activity of leaves aqueous extract 

in comparison with ascorbic acid for DPPH 
(2,2-Diphenyl-1-picrylhydrazyl) and FRAP (fer-
ric reducing antioxidant power) assays respec-
tively.

Table 4: IC50 values of P. australis leaf extract 
and ascorbic acid according to DPPH and 
FRAP assays.

Test

Leaves 
aqueous 
extract

Ascorbic acid

IC50 µg/ml IC50 µg/ml
DPPH 1.339 0.033
FRAP 0.201 0.035
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Anti-inflammatory activity 

Figure 3 shows the IC50 levels of protein dena-
turation assay using BSA and leaves aqueous 
extract where diclofenac is used as a standard.

 

Figure 3: IC50 levels of protein denaturation as-
say using P. australis leaves aqueous extract in 
comparison with diclofenac

Hemolysis test 

Figure 4 shows the results of red blood cell he-
molysis in the presence of P. australis leaves 
aqueous extract, diclofenac is used as a stan-
dard.

Figure 4: IC50 levels of red blood cells hemolysis 
assay using P. australis leaves aqueous extract 
in comparison with diclofenac

Discussion 

Numerous bioactive components, in-
cluding phenolics, terpenoids, tanins, alkaloi-

des, carbohydrates, and flavonoids, were iden-
tified in P. australis leaves aqueous extract 
after phytochemical screening. The phenolic 
compounds are known to be antioxidants that 
neutralize free radicals, which are triggers of 
oxidative damage (9, 19, 20). Those second-
ary metabolites have played a major role in 
preventing and treating a variety of diseases 
including cancer, inflammation-related illness-
es, diabetes, osteoporosis, cardiovascular dis-
ease, and neuro-degenerative diseases (21). 
Terpenoids have anticancer, anti-inflammatory, 
antibacterial, antiviral, and antimalarial proper-
ties, as well as the ability to enhance transder-
mal absorption, prevent and cure cardiovascu-
lar disease, and have hypoglycemic properties. 
Furthermore, earlier research has discovered 
that terpenoids have a wide range of potential 
uses, including insect resistance, immunoreg-
ulation, antioxidation, antiaging, and neuropro-
tection (22). As for the total phenolic content 
and the total flavonoids of P. australis leaves 
aqueous extract, it was 70,74±1,94 mg GA eq/ 
g dry extract and 3,64±0,98 mg Q eq/ g dry ex-
tract respectively (Table 02). The presence of 
hydroxyl groups (-OH) in the structure of phe-
nolic compounds and flavonoids is responsible 
for free radical scavenging and functioning as 
antioxidants (19). The richness of P. australis 
leaves aqueous extract of different bioactive 
compounds and their variable application justi-
fy its wide use in traditional medicine. GC-MS 
analysis indicated that more than 200 compo-
nents were identified in P. australis leaf extract 
which is dominated by 1-Dodecanol, Pyrazine, 
tetramethyl, Heptadecane, 2,6,10,15-tetrameth-
yl, Cyclopentasiloxane, decamethyl, and Cy-
clotetrasiloxane, octamethyl.1-Dodecanol also 
known as lauryl alcohol is an organic fatty al-
cohol (23). Studies have shown that 1-dodeca-
nol has antibacterial activity against S. aureus 
with a MIC of 6.25 µg/ml (24). It is also shown 
to be an antimycobacterial agent (25). Pyra-
zine, tetramethyl also called ligustrazine, is an 
organic volatile compound that many studies 
have been conducted to investigate its medical 
usefulness, including the decrease of platelet 
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aggregation, renal ischemia/reperfusion dam-
age, and the prevention of atherosclerosis (26). 
Another study revealed its antioxidant activity 
(27). Tetramethylpyrazine’s effects on improving 
postoperative adhesion of tissues have been 
reported in pharmacological investigations and 
therapeutic applications (28). Heptadecane, 
2,6,10,15-tetramethyl is a compound that has 
demonstrated antituberculous activity (29) and 
anti-inflammatory activity (30). As for cyclopen-
tasiloxane, decamethyl and cyclotetrasiloxane, 
octamethyl, they are well-known antimicrobial 
substances derived from many plant species 
(31, 32).

Regarding the antioxidant activity done 
by DPPH assay, it is increased when DPPH 
interacts with an antioxidant in the tested sam-
ple that might supply hydrogen. The color goes 
from deep violet to pale yellow (5). The poten-
tial of scavening free radicals is expressed by 
IC50 values which is the extract concentration 
capable of blocking 50% of DPPH free radicals 
(33), the lower is IC50 value, the higher the an-
tioxidant power and vice versa (19). FRAP test 
is about reducing power which is related to a 
compound’s capacity to transfer electrons, it 
can be used to anticipate its future antioxidant 
activity. This is due to the extract’s polyphenols’ 
predisposition to transfer electrons (34). Talking 
about anti-inflammatory activity, inflammation 
is a complicated pathological process that is a 
protective reaction of live tissue with the vas-
cular system to inflammatory factor harm (35). 
The most significant drawback of the currently 
available powerful synthetic anti-inflammatory 
medications is their toxicity and recurrence of 
symptoms after withdrawal. As a result, individ-
uals are going back to natural goods in the hope 
of finding safety and security (36). The aim of 
using plant extract is to increase the chances of 
having a synergic effect on all its components, 
otherwise, it might disappear when using each 
component on its own. Several pharmaceuti-
cal studies, including those for anti-inflamma-
tory efficacy, revealed this (37). Results of the 
anti-inflammatory tests presented in Figure 02 

and Figure 03 expressed by the IC50 levels re-
veal a distinguished anti-inflammatory effect, P. 
australis leaves aqueous extract has protected 
red blood cells from hemolysis effectively (IC50 
= 10,73 µg/ml). Our results are consistent with 
Zhu et al. who deduced that P. australis the 
crude extract has strongly repressed macro-
phages responsible for inflammation (8).

Conclusion

Phytochemical screening results, GC-
MS analysis results, and in vitro biological activ-
ities study validate the abundance of bioactive 
compounds in P. australis leaves aqueous ex-
tract that places it in a position to be a potential 
source of natural antioxidant and anti-inflamma-
tion bio-molecules.
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Abstract

Around the world, plants have been 
used as medicine to ameliorate a broad spec-
trum of ailments, leveraging their wealth of 
phytochemicals. Due to their availability and 
reasonably priced, plant-based medicines have 
occasionally supplanted synthetic pharmaceu-
ticals. Lindernia ruellioides, locally called as 
“Thasuih” in Mizoram has been used by indig-
enous practitioners and traditional healers for 
treating various ailments. However, there is no 
scientific validation for this traditional use. Sci-
entific validation at known doses may provide 
information about its safety and efficacy. There-
fore, the present study endeavours to estimate 
the phytochemical contents and determine the 
free radical scavenging activity and antibacteri-
al activity of various extracts of The results were 
evaluated statistically using SPSS (Online) 
and Graph pad prism (Online).The plant was 
washed and allowed to shade dried at room 
temperature and then powdered. It was then 
subjected to sequential cold maceration using 
different solvents such as petroleum ether, chlo-
roform, ethanol and distilled water. Phytochemi-
cal analysis was carried out using standard pro-
cedures to identify the constituents. The ability 
of the extracts to inhibit the generation of vari-
ous free radicals was determined by assessing 
the scavenging activity of 1,1-diphenyl-2-picryl-
hydrazyl radicals (DPPH), 2, 2’-azino-bis-3-eth-

ylbenzothiazoline-6-sulfonic acid (ABTS) and 
superoxide radicals. Antibacterial activity was 
determined using disc diffusion method and 
minimum inhibitory concentration. The results 
were evaluated statistically using SPSS (On-
line) and Graph pad prism (Online). The prelimi-
nary phytochemical screening disclosed that the 
plant incorporates an assortment of phytochem-
icals such as alkaloids, saponins, flavonoids, 
tannins, steroids, glycosides, phlobatannins 
and terpenoids. Among the various extracts of 
L. ruellioides, ethanol extract has the highest 
total phenolic (327.97 ± 1.77 mg GAE/g of dry 
extract) and flavonoid contents (264.95 ± 0.71 
mg quercetin equivalent/g of dry extract). Differ-
ent extracts of L. ruellioides when analysed for 
their scavenging activities showed significant 
inhibition of DPPH, ABTS and superoxide in a 
concentration dependent manner. The ethanolic 
extract showed the highest scavenging activi-
ties for DPPH and ABTS with IC50 158.0 ± 4.82 
µg/ml and 112.9 ± 6.47 μg/ml respectively. How-
ever, aqueous extract was found to possess the 
highest scavenging activity for superoxide with 
IC50 135.5 ± 5.02 μg/ml. The different extracts 
were also found to be active against the test mi-
croorganisms, thus, justifying the folkloric use of 
the plant. 

Keywords: Lindernia ruellioides, free radical 
scavenging, antibacterial, disc diffusion, mini-
mum inhibitory concentration.
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Introduction

During normal metabolic process, free 
radicals are normally generated in our body. 
Reactive oxygen species (ROS) as well as re-
active nitrogen species (RNS) are generally the 
by-products as a result of the cellular redox pro-
cess. They play a dual role as both detrimental 
and beneficial effects (1). At high concentrations, 
they are highly reactive and toxic and cause 
damage to cell membrane, proteins, lipids and 
deoxyribonucleic acid (DNA) which leads to oxi-
dative stress. This oxidative stress cause tissue 
damage resulting in several diseases such as 
neurodegenerative disease, cardiovascular dis-
ease, diabetes, cancer, aging, rheumatoid ar-
thritis and cataract (2-4). Antioxidant play a key 
role in protecting our body against free radical 
damage. They balance free radical production 
and detoxify them when in excess (5-7). 

Regardless of the extensive use as traditional 
medicine, scientific validation is still limited. L. 
ruellioides, belonging to the family Linderniace-
ae is an erect annual herb found commonly in 
semi-shaded areas (8). Traditionally, it has been 
used for dressing cuts, wounds, bruises, boils, 
jaundice, snakebite, dysentery, urinary trouble 
and quick healing of wounds when applied ex-
ternally and the juices of the leaves are also 
used for massaging on strains (9,10). Regard-
less of the extensive use as traditional medi-
cine, scientific validation is still limited. 

Materials and Methods

Collection of plant material and preparation 
of extracts

	 L. ruellioides was collected from Rei-
ek, Aizawl district, Mizoram, India (23.678ºN, 
92.603ºE) during the months of June-August. 
Identification and authentication of the plant 
was done by Natural History Museum Mizoram, 
Mizoram University with accession no. 
NHMM-P/000160. L. ruellioides was washed 
and allowed to shade dried at room tempera-
ture and then powdered. It was then subjected 
to sequential cold maceration using different 

solvents such as petroleum ether, chloroform, 
ethanol and distilled water. The liquid extracts 
were then filtered and evaporated to dryness in 
an oven and was stored at 4°C for further use. 
Hereafter, the chloroform, ethanolic and aque-
ous extracts of L. ruellioides will be called as 
LRCE, LREE and LRAE respectively.

Phytochemical screening 

Different extracts of L. ruellioides were 
analysed for the presence of alkaloids, sapo-
nins, flavonoids, tannins, steroids, glycosides, 
phlobatannins and terpenoids using standard 
protocol (11,12). 

Quantitative analysis

Determination of total phenolic content (13)

5 ml of Folin-Ciocalteau’s reagent (dilut-
ed ten-fold) was mixed with 1 ml of L. ruellioides 
extract, dissolved in their respective solvent, 
at the concentration ranging from 0.25-8.0 mg/
ml. Sodium carbonate (4 ml, 0.115 mg/ml) was 
added to the mixture after 5 mins of incubation 
at room temperature. Then the mixture was in-
cubated at room temperature for 2 hrs followed 
by measuring the absorbance at 765 nm us-
ing UV-Visible spectrophotometer. Calibration 
curve was also prepared by mixing methanolic 
solution of gallic acid (1 ml) with the reagents. 
All determinants were carried out in triplicate. 
The total phenolic content in each extract were 
expressed as gallic acid equivalents (GAE) mg/
ml of the dry extract. 

Determination of total flavonoids content 
(14)

0.25 ml of extract (0.25-8.0 mg/ml; dis-
solved in the appropriate solvent) and querce-
tin standard solution was mixed with 1.25 ml 
of distilled water followed by the addition of 75 
µl of 5% (w/v) sodium nitrite solution. After few 
minutes, 150 µl of 10% (w/v) aluminium chloride 
solution was added and allowed to stand for fur-
ther 5 mins before the addition of 0.5 ml of 1M 
sodium hydroxide. The mixture was then diluted 
with distilled water to a volume of 2.5 ml. At 510 
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nm, absorbance was immediately measured. 
Quercetin equivalents were used to represent 
the result (mg/g extract). 

In vitro antioxidant assays

DPPH radical scavenging activity (15)

	 To different concentrations of various 
extracts of L. ruellioides (0.5 ml, 20-1000 µg/ml), 
1 ml of methanolic solution of 0.1 M DPPH was 
added. The mixture was then allowed to stand 
in the dark for 30 mins and absorbance was 
measured at 523 nm. Methanol was utilized as 
the baseline correction. The results were com-
pared with control prepared as above without 
sample. The antioxidant activity of the extract 
was expressed as IC50, the concentration (µg/
ml) of extract that inhibited 50% of DPPH rad-
icals. Ascorbic acid was used as the standard 
and each study was performed in triplicate. The 
amount of scavenging was then calculated us-
ing the formula:

% scavenging = [(Ablank - Asample)/Ablank] × 100

where Ablank the is absorbance of the control re-
action and Asample is the absorbance of the solu-
tion containing the plant extract.

ABTS radical scavenging activity (16)

	 Equal volume of 2.45 mM potassium 
persulfate solution and a 7 mM ABTS solution 
were combined to create a stock solution. The 
solution was incubated at room temperature in 
the dark for 12 hrs to yield a dark-coloured solu-
tion containing ABTS˙+ radicals. A working solu-
tion was prepared freshly before each assay 
by diluting the stock solution with 50% metha-
nol for an initial absorbance of about 0.700 (± 
0.02) at 745 nm. The scavenging activity was 
then evaluated by combining 150 µl of various 
extract fractions (20-1000 µg/ml dissolved in 
their respective solvents) with 1.5 ml of ABTS 
working standard. At 745 nm, the drop in absor-
bance was measured. Ascorbic acid was used 
as positive control. The scavenging activity was 
then estimated based on the formula:

% scavenging = [(Ablank - Asample)/Ablank] × 
100where Ablank is the absorbance of the control 
reaction Asample is the absorbance of the solution 
containing the plant extract.

Superoxide (O2˙-) radical scavenging activity 
(17)

	 To the reaction mixture containing 0.2 
ml of nitroblue tetrazolium (1 mg/ml in dimeth-
yl sulfoxide) and 0.6 ml of extract (20-1000 µg/
ml), 2 ml of alkaline dimethyl sulfoxide (DMSO) 
(1 ml DMSO in 5 mM sodium hydroxide) was 
included to provide a complete volume of 2.8 
ml. The absorbance was recorded at 560 nm.  
The blank consisted of pure DMSO instead of 
alkaline DMSO. Ascorbic acid was used as the 
standard and the ability of L. ruellioides extracts 
to scavenge the superoxide radical was calcu-
lated using the formula:

% scavenging = (Ae - Ao/ Ae) × 100

	 where Ablank is the absorbance of the 
control reaction and Asample is the absorbance 
of the solution containing the plant extract.Anti-
bacterial activity 

The antibacterial activity was assessed 
against three bacteria species: Escherichia coli 
(MTCC-40), Bacillus subtilis (MTCC-121) and 
Klebsiella pneumoniae (MTCC-39).

 Disc diffusion method (18)

Agar plates were prepared which were 
inoculated with the test microorganisms. Then 
the paper disc containing two different concen-
trations (20 mg and 10 mg) of plant extract, 25 
µg of streptomycin disc (standard) and paper 
disc (control) that contain 5% DMSO for LRCE 
and distilled water for LREE and LRAE were 
kept carefully on the surface of the prepared 
agar plate. Then, the plates were incubated for 
24 hrs at 37°C in inverted position. After incuba-
tion, the extract possessing those activity was 
taken for measuring the zone of inhibition and 
compared with the standard antibiotic.

Minimum inhibitory concentration (MIC) (19)
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Agar plates were prepared which were 
inoculated with the test microorganisms. Fol-
lowing that, the paper discs with six different 
concentrations (10 mg, 5 mg, 2.5 mg, 1.25 mg, 
0.625 mg and 0.3125 mg) of plant extract and 
25 µg streptomycin disc were carefully placed 
on the agar plate’s surface. Negative control 
was not kept as 5% DMSO and distilled water 
does not show any antimicrobial activity in the 
previous disc diffusion experiment. The plates 
were then incubated for 24 hrs inverted at 37°C. 
The lowest concentration inhibiting the growth 
of microorganism was noted and considered as 
MIC for each test microorganisms.

Statistical Analysis

	 Data are expressed as mean ± standard 
error of mean. One-way analysis of variance 
(ANOVA) was performed to test the significant 
variations followed by Tukey multiple compari-
son of means.  P value of less than 0.05 was 

considered statistically significant. SPSS (On-
line) and Graph pad prism (Online) were used 
for statistical and graphical evaluations.

Results and Discussion

Qualitative phytochemical analysis 

Qualitative phytochemical screening 
showed the presence of various naturally oc-
curring compounds like alkaloids, saponins, fla-
vonoids, tannins, phlobatannins and terpenoids 
in LREE. Alkaloids, flavonoids, tannins and 
steroids were found in LRAE. Alkaloids, sapo-
nins and tannins were also found to be present 
in LRCE (Table 1). These phytochemicals are 
secondary metabolites that contribute to flavour 
and colour (20) and have been reported to pos-
sess several pharmacological potentials which 
includes antioxidants (21), antimalarial (22), an-
timicrobial activities (23) and reduce the risk of 
many diseases (24). 

Table 1: Qualitative phytochemical evaluation of different L. ruellioides extracts.
Phytochemi-
cals

Reagent Colour indication LRCE LREE LRAE

Alkaloids Dragendroff’s reagent Reddish brown precipitate + + +

Saponins Olive oil Whitish emulsion + + -

Flavonoids Sulphuric acid,
Magnesium turnings

Pink red color - + +

Tannins Ferric chloride Brownish green or blue-black color + + +
Steroids Sulphuric acid Red colour - - +
Glycosides Glacial acetic acid,

Ferric chloride,
Sulphuric acid

Brown ring

- - -
Phlobatannins Hydrochloric acid Red precipitate - + -
Terpenoids Sulphuric acid Reddish brown - + -

 ‘+’ sign denotes the presence of phytochemicals while ‘-’ sign denotes the absence of phytochem-
icals. LRCE- L. ruellioides chloroform extract; LREE- L. ruellioides ethanolic extract; LRAE- L. ru-
ellioides aqueous extract.
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Determination of Total phenolic and flavo-
noid content:

The total phenolic and total flavonoid 
content of L. ruellioides extracts increased in a 
concentration dependent manner (Figure 1 & 
2). At 8 mg/ml, LREE has significantly higher (P 
0.001) total phenolic content (327.97 ± 1.77 mg 
GAE /g of dry extract) than LRAE (209.63 ± 0.69 
mg GAE /g of dry extract) and LRCE (196.51 
± 1.71 mg GAE /g of dry extract). For total fla-
vonoid, LREE also has significantly higher (P 
0.001) content (264.95 ± 0.71 mg quercetin 
equivalent/g of dry extract) than LRAE (217.44 
± 0.15 mg quercetin equivalent/g of dry extract) 
and LRCE (210.59 ± 0.41 mg quercetin equiv-
alent/g of dry extract). Phenolic compounds 
have been reported to show antioxidant activity 
by scavenging or stabilizing free radicals due 
to their conjugated ring structures and pres-
ence of hydroxyl groups (25) and have been 
reported to exhibit antiallergenic, antimicrobial, 
anti-inflammatory and cardioprotective effects 
(26). Similarly, flavonoids are also reported to 
have antioxidative action and reduce their for-
mation by chelating the metals (27). In addition, 
there have been reports of flavonoids to serve 
as health-promoting compound and protect 
against several diseases (28).
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Fig. 2: Flavonoid content of various extracts of 
L. ruellioides determined as Quercetin equiv-
alent. LRCE- L. ruellioides chloroform extract; 
LREE- L. ruellioides ethanol extract; LRAE- L. 
ruellioides aqueous extract. Values are ex-
pressed as Mean ± SEM, n=3. Different letters 
indicate significant variation.

In vitro antioxidant assay

DPPH radical scavenging activity

L. ruellioides scavenged DPPH rad-
icals in a concentration dependent fashion as 
indicated by the discolouration of DPPH. The 
maximum activity of LREE, LRCE and LRAE 
to scavenged DPPH was noted at 500 µg/ml, 
600 µg/ml and 900 µg/ml respectively. LREE 
was most potent as it effectively inhibited DPPH 
radical formation and showed the highest scav-
enging activity (IC50 158.0 ± 4.82 µg/ml) fol-
lowed by LRAE (IC50 276.4 ± 6.32 µg/ml) and 
the lowest scavenger was LRCE (IC50 330.43 ± 
5.34 µg/ml). IC50 of all the extracts are statisti-
cally significant when compared to the standard 
ascorbic acid (IC50 12.47 ± 0.13 µg/ml). Differ-
ent extracts of various plants have been shown 
to inhibit the generation of DPPH free radicals 
earlier (29-34). Compounds such as cysteine, 
glutathione, ascorbic acid, tocopherol, poly-hy-
droxyl aromatic compounds have been known 
to have the ability to reduce DPPH by hydroge-
nation (35,36).

Fig. 1: Phenolic content of L. ruellioides extracts 
determined as Gallic acid equivalent. LRCE- L. 
ruellioides chloroform extract; LREE- L. ruellioi-
des ethanol extract; LRAE- L. ruellioides aque-
ous extract. Values are expressed as Mean ± 
SEM, n=3. Different letters indicate significant 
variation.
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Fig. 3: DPPH radical scavenging activity of 
several extracts of L. ruellioides and standard 
ascorbic acid. LRCE- L. ruellioides chloroform 
extract; LREE- L. ruellioides ethanol extract; 
LRAE- L. ruellioides aqueous extract; AA- 
Ascorbic acid. Values are expressed as mean 
± SEM, n=3.

Fig. 4: IC50 (μg/ml) for DPPH. AA- Ascorbic acid. 
LRCE- L. ruellioides chloroform extract; LREE- 
L. ruellioides ethanol extract; LRAE- L. ruellioi-
des aqueous extract. Values are expressed as 
Mean ± SEM, n=3. Different letters indicate sig-
nificant variation.

ABTS radical scavenging activity

L. ruellioides also showed a concentra-
tion dependent increase in the scavenging of 
ABTS radical. The maximum scavenging activ-
ity was observed at 200 μg/ml for both LREE 
and LRAE and 500 μg/ml for LRCE. LREE 
scavenged the ABTS radicals more efficiently 
as it showed the highest scavenging activity 
(IC50 112.9 ± 6.47 μg/ml), followed by LRAE (IC50 
222.33 ± 3.18 μg/ml). LRCE was least effec-
tive in neutralizing the ABTS (IC50 318 ± 12.19 
μg/ml). IC50 of all the extracts were statistical-
ly significant when compared to the standard 
ascorbic acid (IC50 13.52 ± 0.25 μg/ml). Some 
earlier studies had reported a resembling effect 
by using different plant extracts (37,38). Stable 
free radical ABTS is produced when a potent 
oxidizing agent reacts with another substance 
with the ABTS salt. A dark-coloured solution’s 
reduction by an antioxidant that donates hy-
drogen is assessed by its distinctive long-wave 
(745 nm) absorption spectra (39). The level of 
decolourization indicates the effective inhibition 
of the ABTS•+ (40). The ABTS•+ scavenging ac-
tivity could be due to high phenolic contents.

Fig. 5: ABTS radical scavenging activity of 
various extracts of L. ruellioides and standard 
ascorbic acid. LRCE- L. ruellioides chloroform 
extract; LREE- L. ruellioides ethanol extract; 
LRAE- L. ruellioides aqueous extract; AA-Ascor-
bic acid. Values are expressed as mean ± SEM, 
n=3.
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Fig. 6: IC50 (μg/ml) for ABTS. AA- Ascorbic acid; 
LRCE- L. ruellioides chloroform extract; LREE- 
L. ruellioides ethanol extract; LRAE- L. ruellioi-
des aqueous extract. Values are expressed as 
Mean ± SEM, n=3. Different letters indicate sig-
nificant variation.

Superoxide radical (O2˙-) scavenging activity

Various extract of L. ruellioides inhibit 
the generation of superoxide radicals in a con-
centration dependent manner. LRAE scavenged 
the O2˙- most effectively with a peak scavenging 
activity at 600 μg/ml (IC50 135.5 ± 5.02 μg/ml). 
For LREE and LRCE peak scavenging activity 
occurred at 700 μg/ml (IC50 214.9 ± 3.59 μg/
ml) and 1000 μg/ml (IC50 366.43 ± 6.57 μg/ml) 
respectively. The standard ascorbic acid had 
an IC50 15.18 ± 0.14 μg/ml for O2˙-. A number 
of plant extracts and some compound plant for-
mulations were found to inactivate the formation 
of O2˙- radicals in a dose dependent manner 
(31,33,34,38,41). Neutralization of superoxide 
radical is necessary to protect the cells from oxi-
dative stress (42). It has also been reported that 
antioxidant properties of some flavonoids are 
effective mainly through scavenging superoxide 
radical (43). Thus, the presence of flavonoids 
in L. ruellioides might be responsible for their 
scavenging activity.

Fig. 7: Superoxide radical scavenging activity of 
various extracts of L. ruellioides and standard 
ascorbic acid. LRCE- L. ruellioides chloroform 
extract; LREE- L. ruellioides ethanol extract; 
LRAE- L. ruellioides aqueous extract; AA- 
Ascorbic acid. Values are expressed as Mean 
± SEM, n=3.
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Fig. 8: IC50 (μg/ml) for superoxide radical. AA- 
Ascorbic acid; LRCE- L. ruellioides chloroform 
extract; LREE- L. ruellioides ethanol extract; 
LRAE- L. ruellioides aqueous extract. Values 
are expressed as Mean ± SEM, n=3. Different 
letters indicate significant variation.

Antimicrobial activity of plant extract

Disc diffusion method

The present study revealed that LRCE, 
LREE and LRAE were active against the test 
organisms as they show remarkable zone of 
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inhibition. At 10 mg/ml, LREE was most active 
against the three microorganisms with zone of 
inhibition of 7.6 ± 0.16 mm, 6.1 ± 0.16 mm and 
7 ± 0.28 mm for E. coli, B. subtilis and K. pneu-
moniae respectively. However, at 20 mg/ml, 
LRCE was most effective with zone of inhibition 

of 9.3 ± 0.16 mm, 8.1 ± 0.16 mm and 9.1 ± 0.16 
mm for E. coli, B. subtilis and K. pneumoniae 
respectively. Moreover, from the study, it is seen 
that 5% DMSO and distilled water, the solvents 
used for dissolving the extract does not show 
any antibacterial activity. 

Table 2: Antimicrobial activity of LRCE, LREE, LRAE on different test microorganisms.
Extracts (10µg/disc) Conc. (mg/ml) Zone of inhibition (mm)*

E. coli B. subtilis K. pneumoniae

LRCE

10 7.1 ± 0.16 6.1 ± 0.16 6.5 ± 0.28

20 9.3 ± 0.16 8.1 ± 0.16 9.1 ± 0.16

Standard 17.5 ± 0.28 19.1 ± 0.16 17.3 ± 0.16

LREE

10 7.6 ± 0.16 6.1 ± 0.16 7 ± 0.28

20 8.1 ± 0.16 7.1 ± 0.16 8.1 ± 0.16

Standard 17.6 ± 0.16 19.6 ± 0.16 16.8 ± 0.16

LRAE

10 6.6 ± 0.33 5.3 ± 0.16 6.6 ± 0.16

20 7.6 ± 0.16 6.1 ± 0.16 7.1 ± 0.16

Standard 16.1 ± 0.16 16.1 ± 0.16 17.1 ± 0.16

* Indicate the zone of inhibition shown above 
is the mean of three readings and includes the 
diameter of the paper disc, i.e., 5 mm. LRCE- 
L. ruellioides chloroform extract; LREE- L. ru-
ellioides ethanolic extract; LRAE- L. ruellioides 
aqueous extract.

MIC

The minimum concentration of the crude extract 
that inhibits the growth of the test microorgan-
ism was determined and recorded as MIC of the 
extract on that particular organism.

Table 3: Minimum inhibitory concentration (MIC) for different extracts of L. ruellioides on different 
test microorganisms.
Test organisms MIC of LRCE MIC of LREE MIC of LRAE
Escherichia coli (MTCC- 40) 1.25 mg/ml 0.625mg/ml 2.5 mg/ml
Bacillus subtilis (MTCC- 121) 2.5 mg/ml 0.625mg/ml 5 mg/ml
Klebsiella pneumoniae
(MTCC- 39)

0.625 mg/ml 1.25 mg/ml 5 mg/ml

MIC- Minimum inhibitory concentration; LRCE- L. ruellioides chloroform extract; LREE- L. ruellioi-
des ethanol extract; LRAE- L. ruellioides aqueous extract.

Our result (Table 3) showed that LREE 
is quite active even at low concentrations with 
an MIC value of 0.625 mg/ml on E. coli and B. 
subtilis and 1.25 mg/ml on K. pneumonia. LRCE 
is also quite active on E. coli and K. pneumo-
nia having MIC at 1.25 mg/ml and 2.5 mg/ml 
for B. subtilis. LRAE show MIC for E. coli at 2.5 

mg/ml and for B. subtilis and K. pneumonia at 
5 mg/ml. The presence of phytochemicals like 
flavonoids and tannins may be the cause of its 
antibacterial properties (44,45). These findings 
are in accordance with earlier studies (46-48). 
The above findings tell us that L. ruellioides has 
antibacterial activity even at low concentration, 



Current Trends in Biotechnology and Pharmacy
Vol. 18(4) 2036-2047, October 2024, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2024.4.49

Lalthansang et al

2044

however, isolation and purification of bioactive 
compounds responsible for the antibacterial ac-
tivity need further investigation. 

Conclusion

The results of phytochemical analysis 
validated the presence of various classes of 
bioactive chemical constituents. It also demon-
strates that various extracts of L. ruellioides 
exhibit a concentration dependent inhibition 
against DPPH, ABTS and superoxide which 
might be due to presence of significant amounts 
of phenolic and flavonoid contents. Notably, its 
antibacterial activity is also quite remarkable 
against the test microorganisms. It may be 
concluded that the significant number of phyto-
chemicals present in L. ruellioides attributed to 
their free radical scavenging activity and anti-
bacterial property as well. Thus, the results of 
the present study substantiate the folkloric use 
of L. ruellioides urging in-depth exploration to 
unravel its mechanism of action. 
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Abstract 

The member of the Thymelaeaceae family, 
Gnidia glauca (Fresen) Gilg, has been found 
to possess a multitude of traditional phytome-
dicinal and agrochemical applications. When 
viewed in its entirety, Gnidia glauca L. (Thyme-
laeaceae) stands as the most extensive genus 
within the family, boasting a remarkable 140 to 
160 species scattered across Africa, Arabia, 
India, Madagascar, and Sri Lanka. The leaves 
of Gnidia glauca L., which are meticulously ex-
tracted using chloroform, methanol, and alco-
hol, yield a diverse array of chemically intricate 
and biologically potent substances. A stagger-
ing number of over 90 compounds have been 
successfully identified within it. The meticu-
lous phytochemical analysis of Gnidia glauca 
leaves has revealed the presence of alkaloids, 
phenols, flavonoids, tannins, glycosides, sapo-
nins, terpenoids, and steroids. The objective of 
this endeavor is to employ LC-HRMS-based 
techniques to meticulously analyze and detect 
both targeted and non-targeted phenolic com-
pounds derived from the leaves of Gnidia glau-
ca L.

Keywords: Gnidia glauca L, Thymelaeaceae, 
extraction, phytochemical profile, LC-HRMS.

Introduction

Gnidia glauca L. is an indigenous bo-
tanical specimen possessing a rather intricate 

chemical composition encompassing alkaloids, 
flavonoids, saponins, steroids, organic acids, 
polysaccharides, and diverse trace elements. 
These compounds exhibit advantageous prop-
erties such as anti-inflammatory effects, pain 
alleviation, inhibition of tumor cell proliferation, 
and more. Owing to the deleterious side effects 
and health hazards associated with chemical-
ly synthesized medications, the emergence of 
complementary and alternative medicine has 
transpired. Medicinal plants have garnered sig-
nificant attention due to their biocompatibility 
and efficacy. Gnidia glauca L. holds a promi-
nent position in the realm of mythology, tradi-
tional phytomedicine, and agrochemical appli-
cations worldwide.

In addition to its utilization in the treat-
ment of tumors, wounds, snake bites, sore 
throats, and burns, Gnidia glauca L. is renowned 
for its piscicidal, insecticidal, molluscidal, and 
even homicidal properties when employed as 
arrow poisons. Furthermore, its antineoplastic 
activity is purportedly remarkably superior (17). 

Phytochemical investigations of Gnidia glau-
ca L. have unveiled the presence of toxic di-
terpene esters of the daphnane variety, which 
represent the principal orthoesters found in 
plants and exhibit remarkable biological activ-
ities, including antineoplastic and cytotoxic ef-
fects. Gnidia glauca L. is abundant in diterpene 
esters, coumarins, flavonoids, chromones, 
lignans, and neolignans (3). These chemical 
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constituents of Gnidia glauca L. hold potential 
as foundational materials for the synthesis of 
analogues capable of treating a diverse array 
of ailments.

Materials and Methods

Collection and identification of plant

Gnidia glauca (Fresen) Gilg was col-
lected from Nivkane village of Patan, Maharash-
tra. The plant was authenticated from Dept. of 
Botany, Shivaji University Kolhapur and vouch-
er specimens (VSN/ 001) were deposited in the 
department for future reference.

Extraction of plant material using solvents

The leaves of Gnidia glauca (Fresen) 
Gilg were thoroughly cleansed on four to five 
occasions with flowing water from the faucet 
and once with sterile water prior to being dried 
in the shade, pulverized, and utilized for ex-
traction. A quantity of 20 grams of powdered 
plant material underwent a rigorous 48-hour 
(1:10) soxhlet extraction employing the sol-
vents methanol, chloroform, and alcohol. Sub-
sequently, the extracts were filtered through 
Whatman filter paper No. 1 and dried in a wa-
ter bath shaker. In order to ascertain the pres-
ence of various secondary metabolites, all of 
the extracts were subjected to preliminary phy-
tochemical screening and LC-HRMS analysis 
(24).

Preliminary analysis of Gnidia glauca L. leaf 
extracts

The concentrates were subjectively 
tested and assessed for the existence of var-
ious phytochemical constituents employing 
standard methodologies to identify the constit-
uents as delineated by Harborne (9).

Test for alkaloids

Dragondroff’s test – Crude extract was 
mixed with Dragondroff’s reagent (potassium 
bismuth iodide solution). Reddish brown precip-
itate was formed which suggested the presence 
of alkaloids. 5 ml of the extract was added to 2 

ml of HCl. To this acidic medium, 1 ml of Wag-
ner’s reagent was added. A reddish precipitate 
brown produced immediately indicates the pres-
ence of alkaloids.

Test for flavonoids

1.5 ml of a 50% methanol solution was 
used to treat 4 ml of the extract solution. Metal 
magnesium was added after the solution was 
warmed up. 5 to 6 drops of concentrated hy-
drochloric acid were added to this solution, and 
flavonoids with a red color and flavones with 
an orange color were observed. 2ml of extract 
solution add with 2 ml of diluted 10% sodium 
hydroxide (NaOH), golden yellow precipitate 
shows presences of flavonoids.

Test for glycosides

1 ml of Fehling’s solution was heated 
and added to a small amount of extract. An or-
ange precipitate indicates the presence of gly-
cosides.

Test for tannins

Ferric chloride reagent added to the fil-
trate. The presence of tannins was confirmed 
by a precipitate that was green, blue-green, or 
blue-black. 2 to 3ml of extract solution and add 
10% ferric chloride reagent green, blue-green, 
or blue-black precipitate occur it shows pres-
ences of tannins   

Test for saponins

The saponins were found using the 
frothing test. In a water-filled test tube, 0.5 
grams of extract from each part was taken. The 
presence of saponins is indicated by the mass 
of bubbles produced when the solutions were 
warmed up. Foam test – 2ml of extract solution 
and add 20 ml of distilled water and shake vig-
orously wait for 3 min formation of honeycomb 
like froth shows the presences of saponins.

Test for quinones

To a modest quantity of extract solution, 
sulphuric acid is added. Quinones are identified 
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by their red appearance.

Test for terpenoids

2 ml of chloroform was mixed with 5 ml 
of each extract. To make a layer, 3 ml of con-
centrated H2SO4 was added. Terpenoids were 
detected by the formation of a reddish-brown 
precipitate at the interface.

Test for phlobatannins

When each plant sample’s aqueous 
extract was boiled in 1% aqueous hydrochloric 
acid, a red precipitate fell as evidence for the 
Phlobatannins.

Test for steroid

Chloroform and 2.5 ml of acetic anhy-
dride were used to treat the extract. After that, 
a concentrated solution of sulphuric acid was 
slowly added, and the terpenoids’ reddish-vio-
let color and the steroids’ greenish-blue color 
were observed. Then 2 ml extract solution dis-
solved in 2 ml of chloroform and add concen-
trated H2SO4 side by side carefully red precipi-
tate shows that steroid is present. 2 ml of extract 
solution then add 1 ml of ethyl acetate and mix 
into 2 ml of chloroform and few drops of concen-
trated H2SO4 side by side carefully red precipi-
tate shows that steroid is present.

Liquid chromatography high resolution 
mass spectrometry (LC-HRMS) characteri-
zation

The determination of bioactive com-

pounds in the leaf extracts was conducted at 
the esteemed Center for Applications in Mass 
Spectrometry (CAMS), Venture Laboratory, 
located in Pune. This analysis was performed 
utilizing the sophisticated LC-HR-MS tech-
nique (Liquid Chromatography-High Resolu-
tion-Mass Spectrometry). Prior to analysis, 
the methanolic, chloroformic, and alcoholic ex-
tracts underwent centrifugation at a speed of 
12,000 revolutions per minute for duration of 
10 minutes. The HPLC system employed con-
sisted of two pumps and an automated injector. 
The separation process was accomplished us-
ing an Agilent Q-ToF G6540B instrument, which 
was connected to an Agilent 1260 Infinity II 
HPLC system equipped with an Agilent Eclipse 
XDB-C18 column measuring 3X150 mm and 
possessing a particle size of 3.5 microns. Two 
distinct mobile phases were employed: A-0.1% 
formic acid in water and B-0.1% formic acid in 
acetonitrile, with a flow rate of 0.3 mL/min. The 
LC conditions were as follows: an initial con-
centration of 5% in phase B from 0 to 3 min-
utes, followed by a linear increase from 5% to 
95% between 2 and 25 minutes, maintaining 
5% to 95% from 25 to 28 minutes, and transi-
tioning from 5% to 95% between 25 and 28.1 
minutes. Finally, the concentration returned to 
0% to 5% during the interval of 28.1 to 30 min-
utes. For the MS analysis, the Dual AJS ESI 
Mass spectrometer was employed in positive 
ionization mode, utilizing data-dependent auto-
matic switching between MS and MS/MS ac-
quisition modes.

Results and Discussion
Table No. 1.Qualitative phytochemical analysis of Gnidia glauca leaf in various solvents.

Sr. No Metabolites
Gnidia glauca leaves

Methanol Alcohol Chloroform

1 Alkaloid +ve +ve +ve

2 Flavonoids +ve +ve +ve

3 Glycosides -ve +ve -ve

4 Tannins +ve +ve -ve
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5 Saponins +ve +ve +ve

6 Quinones +ve +ve -ve

7 Terpenoids +ve -ve +ve

8 Phlobatannins -ve -ve -ve

9 Steroid +ve +ve +ve
Note – (+ve) present, (-ve) absent    

Table 2. Phytochemicals screening of solvent (Alcohol) extracts of Gnidia glauca leaves by LC-
HRMS

Sr.

No

Compound 
Name

Regulator / 
Inhibitor

Chem-
ical 

formula
Rt. 

Time Mass Score Importance

1
3-Phenylpro-
pyl   gluco-

sinolate
Inhibitor C16 H23 N 

O9 S2
2.356 437.0802 91.60 Antimicrobial activity, 

in vivo cytotoxicity

2 Zwittermi-
cin A Inhibitor C13 H28 N6 

O8
3.805 396.1969 97.46 Suppress plant 

disease

3 Famciclovir Inhibitor C14 H19 N5 
O4

3.902 321.1427 93.53 Herpes virus

4 Dimepiper-
ate Inhibitor C15 H21 N 

O S 3.973 263.1353 90.68

Moderately hazard-
ous class II

( Herbicide)

5 Pyranodel-
phinin A Inhibitor C30 H33 

O16
7.388 649.1774 98.12 Natural fungicide

6
N-hepta-
noyl-ho-
moserine 
lactone

Regulator/ 
Inhibitor

C11 H19 N 
O3

10.327 213.1355 94.18
Regulation of 

virulence, infection 
prevention, and septi-

cemia in fish.

7 Erinapyrone 
C

Inhibitor/ 
regulator C8 H10 O5 12.215 186.0537 92.41

Cytotoxicity of HeLa 
cells and nerve 

growth

8 Kiwiionoside Inhibitor C19 H34 O9 12.393 406.2202 97.00 Antirepellent com-
pound

10 (+)-Gallocat-
echin Inhibitor C15 H14 O7 14.061 306.0742 98.96 Insecticidal properties

11 Ginkgolide C Inhibitor C20 H24 O11 14.333 440.1316 99.67 Pesticidal properties

12 Garciman-
gosone D Inhibitor C19 H20 O9 14.701 392.1105 98.19 Pesticidal properties

13 Khellolgluco-
side Inhibitor C19 H20 

O10
16.390 408.1058 92.61 Pesticidal properties

14 6-Undeca-
none Inhibitor C12 H22 O 16.508 170.1678 96.28 Pesticidal properties



Current Trends in Biotechnology and Pharmacy
Vol. 18(4) 2048-2061, October 2024, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2024.4.50

Shrikant  and Sangram

2052

15 Lansiuma-
mide C Inhibitor C18 H19 

N O 17.076 265.1471 96.32 Pesticidal properties

16
3R-hy-

droxy-oct-
adecanoic 

acid 
Inhibitor C18 H36 O3 25.019 300.2663 98.63

Antioxidant, hypo-
cholesterolemic, 

nematicide, pesticide, 
31antiandrogenic, 
flavour, hemolytic, 
5-alpha reductase 

inhibitor

17

10-Hydroxy-
myristic acid 

methyl Inhibitor C15 H30 O3 24.558 258.2196 95.6

Antioxidant, hyper-
cholesterolemic,-

cancer-preventive, 
cosmetic, nematicid.

18
Cyclic de-hy-
poxanthine 
futalosine

Inhibitor C14 H14 O7 17.499 294.0744 98.18 

Enzymatic proper-
ties. Efficient growth 
of the Streptomyces 

coelicolor mutant

Table No. 3. Phytochemicals screening of solvent (Methanol) extracts of Gnidia glauca leaves by 
LC-HRMS

Sr.
No Compound Name Regulator 

/ Inhibitor
Chemical 
formula

Rt. 
Time Mass Score Importance

1 N’-Hydroxyneosaxi-
toxin Inhibitor C10 H17 N7 O6 3.392 331.1248 92.52 Paralysis the 

nerve cells

2 Mycinamicin IV Inhibitor C37 H61 N O11 15.932 695.4258 90.43 Anticancer

3 Lycoperoside D Inhibitor C39 H65 N O12 16.182 739.4513 94.53
Inflammatory 
diseases, Skin 
health

4 Aloesol 7-glucoside Inhibitor C19 H24 O9 17.265 396.1415 93.68 Inf lammation 
and ulcer

5 Tiamulin Inhibitor C28 H47 N 
O4 S

20.119 493.3241 92.50 Ant ibacter ia l 
drug

6 3-Feruloyl-1,5- quino-
lactone Inhibitor C17 H18 O8 20.071 350.1001 98.48 Biomass deg-

radation

7
4,4-Difluoro-

pregn-5-ene-3,20- di-
one

Inhibitor C21 H28 F2 O2 20.889 350.2046 93.53 induced aller-
gic rhetis

8 Nicotine imine Regulator C10 H13 N2 28.037 161.1081 92.98
Biomarker for 
oral cancer pa-
tient

9 16-hydroxy hexadeca-
noic acid Regulator C16 H32 O3 24.538 272.2360 93.07 steriodal estro-

gen
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10 Prasterone sulfate Inhibitor C19 H28 O5 S 3.260 368.1658 96.10

It is a universal 
precursor for 
the peripheral 
local produc-
tion and action 
of estrogens 
and androgens 
in target tissues 
such as brain, 
bone, skin, and 
adipose tissue.

11 Zwittermicin A Inhibitor C13 H28 N6 O8 3.805 396.1969 97.46 Suppress plant 
disease

12 Famciclovir Inhibitor C14 H19 N5 O4 3.902 321.1427 93.53 Herpes virus

13 Decarbamoylneosaxi-
toxin Regulator C9 H16 N6 O4 9.866 272.1244 93.73 Neurotoxin

14 Musca-aurin-VII Regulator C15 H17 N4 O6 10.989 349.1141 97.25

contribute to 
the pigment 
pattern of fly 
agarics

15 Hydralazine Inhibitor C8 H8 N4 11.258 160.0750 98.18 Therapy for hy-
pertension 

16 Kiwiionoside Inhibitor C19 H34 O9 12.393 406.2202 97.00 Anti-repellent 
compound

17 (+)-Gallocatechin Inhibitor C15 H14 O7 14.061 306.0742 98.96 Insecticidal

18 Ginkgolide C Inhibitor C20 H24 O11 14.333 440.1316 99.67 Pesticidal 

19 Garcimangosone D Inhibitor C19 H20 O9 14.701 392.1105 98.19 Pesticidal 

20 Khellolglucoside Inhibitor C19 H20 O10 16.390 408.1058 92.61 Pesticidal 

21 10,16-dihydroxy-pal-
mitic acid Inhibitor C16 H32 O4 21.932 288.2301 96.10

An t i ox i dan t , 
hypocholester-
olemic, nemati-
cide, pesticide, 
antiandrogenic, 
flavor, hemo-
lytic, 5-alpha 
reductase in-
hibitor

22 Cyclic de-hypoxanthine 
futalosine Inhibitor C14 H14 O7 17.499 294.0744 98.18 

Enzymatic 
properties. 

Efficient growth 
of the Strepto-
myces coelicol-

or mutant
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Table No.4 Phytochemicals screening of solvent (Chloroform) extracts of Gnidia glauca leaves by 
LC-HRMS

Sr.
No

Compound 
Name

Regu-
lator / 

Inhibitor

Chem-
ical 

formula

Rt. 
Time Mass Score Importance

1 cortisol 21-sul-
fate Regulator C21 H30 

O8 S
3.137 442.1657 97.17

Affects behavior through its 
direct action on the central 
nervous system, its effects 
on intermediary metabolism 
or negative feedback on pi-
tuitary ACfH release.

2 ACRL Toxin II Inhibitor C17 H24 O5 17.328 308.1629 96.05 host specific pathotoxic, 
plant and animal cell death

3 Mycinamicin IV Inhibitor C37 H61 N 
O11

15.932 695.4258 90.43 Anticancer

4 Pitheduloside A Inhibitor C41 H66 O13 16.434 766.4512 94.91 Larvicidal and ovicidal ac-
tivity

5 Tiamulin Inhibitor C28 H47 N 
O4 S

20.119 493.3241 92.50 Antibacterial drug

6 Nicotine imine Regulator C10 H13 N2 28.037 161.1081 92.98 Biomarker for oral cancer 
patient

7
16-hydroxy 

hexadecanoic 
acid

Regulator C16 H32 O3 24.538 272.2360 93.07 steriodal estrogen

8 3 Irinotecan Inhibitor C33 H38 N4 
O6

28.415 586.2772 93.40 Cancer treatment

9 Famciclovir Inhibitor C14 H19 N5 
O4

3.902 321.1427 93.53 Herpes virus

10 (+)-Gallocatechin Inhibitor C15 H14 O7 14.061 306.0742 98.96 Insecticidal

11 Garcimangosone 
D Inhibitor C19 H20 O9 14.701 392.1105 98.19 Pesticidal 

12 3R-hydroxy-octa-
decanoic acid Inhibitor C18 H36 O3 25.019 300.2663 98.63

Antioxidant, hypocho-
lesterolemic, nematicide, 
pesticide, antiandrogenic, 
flavour, hemolytic, 5-alpha 
reductase inhibitor

13 3-Hydroxyindo-
lin-2-one Inhibitor C8 H7 N O2 5.161 149.0474 98.00

Allergenic, anesthetic, 
antibacterial, anticancer, 
antimutagenic, antipeptic, 
antiseptic, antispasmodic, 
antitumor, candidicide, fla-
vour, insecticide, nemati-
cide, pesticide, sedative, ter-
miticide, tyrosinase inhibitor

14
1-(m -   Me-

thoxycinnamoyl) 
pyrrolidine

Inhibitor C14 H17 N 
O2

13.110 231.1249 94.64

Allergenic, anesthetic, an-
tiodontalgic, antipruritic, an-
tiseptic, flavour, fungicide, 
pesticide, sedative.
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15
Cyclic de-hypox-
anthine futalosine

Inhibitor C14 H14 O7 17.499 294.0744 98.18 
Enzymatic properties. Efficient 

growth of the Streptomyces 
coelicolor mutant

16 Proglumide Inhibitor
C18 H26 N2 

O4

16.767 334.1885 91.98
Inhibited gastrin-stimulated 

growth. (Treatment of stomach 
ulcers)

Fig. 1. LC-HRMS of Gnidia glauca Leaves Alcohol extract

Fig. 2. LC-HRMS of Gnidia glauca Leaves Chloroform extract

Fig. 3. LC-HRMS of Gnidia glauca Leaves Methanol extract
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Discussion

A plethora of phytochemical screen-
ings of botanical specimens has been conduct-
ed, unveiling the presence of myriad clusters of 
chemical compounds (1). It has also been doc-
umented that rotenone, a chemical constituent 
discovered within Gnidia glauca, possesses 
ichthyotoxic properties and possesses the re-
markable ability to induce the excruciating loss 
of teeth. It appears that various phytochemi-
cals present in Gnidia glauca are exerting an 
influence, as evidenced by numerous scholars. 
Gnidia glauca hampers the activity of amylase 
and glycosidase, yielding favorable outcomes 
(6).

Components of phytochemistry

Investigation of phytochemicals was 
conducted in three solvents of the leaf of Gnid-
ia glauca (Table no. 1). When compared to the 
extracts of Gnidia glauca prepared with alcohol, 
chloroform, or methanol, there exist numerous 
medical applications for these compounds. The 
range of secondary metabolites produced by 
Gnidia glauca is delineated below, alongside 
some of their biological functions. Due to their 
extensive employment in medicine, Thyme-
laeaceae plants have been the subject of phy-
tochemical studies, and there have also been 
reports on their toxicity (5) .

The phytochemicals in three prepara-
tions of Gnidia glauca leaves were qualitative-
ly analyzed. The methanolic extract of Gnidia 
glauca exhibited the highest extraction of phy-
tochemicals when compared to chloroform and 
alcohol extracts. The phytochemical screening 
of all leaf extracts unveiled the presence of fla-
vonoids, steroids, tannins, and terpenoids. The 
phytochemical screening reveals that these 
chemicals possess the potential to be em-
ployed for a variety of therapeutic purposes.

Methanol, chloroform, and alcohol 
were utilized to extract 20 grams of powdered 
dry leaves, with 200 milliliters of solvents. The 
leaves of Gnidia glauca yielded a total of 1-2 

grams of crude extract. One gram of the crude 
extract was utilized for solvent partition using 
solvents with varying polarities. In this inves-
tigation, solvents with increasing polarity such 
as chloroform, alcohol, and methanol were em-
ployed. The solvent partition was repeated until 
the solvent in the thimble became clear, indi-
cating the completion of the extraction process. 
When compared to the other partitions, the 
methanol partition yielded the highest amount. 
This finding revealed the presence of polar 
chemicals in Gnidia glauca leaves. LC-HRMS 
analysis was performed on each partition. LC-
HRMS analysis was employed to identify the 
chemical components found in Gnidia glauca 
leaf extracts. Table 2 enumerates the active 
principles in solvent extracts of Gnidia glauca 
leaves, alongside their retention time (RT), mo-
lecular formula, and molecular mass (MW).

Phytochemical profiling using LC-HRMS

The foliage of Gnidia glauca was indi-
vidually extracted utilizing the Sohxlet extraction 
technique with three dissimilar polarity solvents 
(chloroform, methanol, and alcohol). The LC-
HRMS data (retention time, molecular formula, 
and m/z) of the tentatively annotated peaks are 
documented in Tables 2, 3, and 4 subsequent 
to the generation of the extracts being subject-
ed to comprehensive LC-HRMS investigations. 
On-line databases (METLIN, KNApSacK, Pub-
Chem, NIST Chemistry WebBook) or earlier 
literature reporting on the LC-MS analysis of 
phytochemicals were employed to compare 
the present study. All of these compounds were 
discovered in the alcoholic extract of Gnidia 
glauca leaves, namely 3-Phenylpropyl gluco-
sinolate, DL-2-Aminoadipic acid, Prasterone 
sulfate, N’-Hydroxyneosaxitoxin, Zwittermicin 
A, Famciclovir, Dimepiperate, Monoglyceride 
citrate, Pyranodelphinin A, N2,N2-Dimeth-
ylguanosine, Decarbamoylneosaxitoxin, (R) 
Pantothenic acid 4’-O-b-D-glucoside, N-hep-
tanoyl-homoserine lactone, Musca-aurin-VII, 
Trichotomine, Hydralazine, Erinapyrone C, 
Kiwiionoside, (+)-Gallocatechin, Ginkgolide, 
Garcimangosone D, Khellolglucoside, 6-Un-
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decanone, Lansiumamide C, Aloesol 7-glu-
coside, 3-Feruloyl-1,5-quinolactone, Nicotine 
imine, 16-hydroxy hexadecanoic acid, 3R-hy-
droxy-octadecanoic acid, 10-Hydroxymyristic 
acid methyl, Cyclic de-hypoxanthine futalosine. 
In the methanolic extract, N’-Hydroxyneosaxi-
toxin, Mycinamicin IV, Lycoperoside D, Aloesol 
7-glucoside, Tiamulin, 3-Feruloyl-1,5-quino-
lactone, 4,4-Difluoropregn-5-ene-3,20-dione, 
Nicotine imine, 16-hydroxy hexadecanoic acid, 
Prasterone sulfate, Zwittermicin A, Famciclovir, 
Decarbamoylneosaxitoxin, Musca-aurin-VII, 
Hydralazine, Kiwiionoside, (+)-Gallocatechin, 
Ginkgolide C, Garcimangosone D, Khellol-
glucoside, 10,16-dihydroxy-palmitic acid, Cy-
clic de-hypoxanthine futalosine were present. 
Meanwhile, in the chloroformic extract, the 
compounds identified were cortisol 21-sul-
fate, ACRL Toxin II, Mycinamicin IV, Pithedu-
loside A, Tiamulin, Nicotine imine, 16-hydroxy 
hexadecanoic acid, 3 Irinotecan, Famciclovir, 
(+)-Gallocatechin, Garcimangosone D, 3R-hy-
droxy-octadecanoic acid, 3-Hydroxyindo-
lin-2-one, 1-(m-Methoxycinnamoyl) pyrrolidine, 
Cyclic de-hypoxanthine futalosine, Proglumide. 

Some of the compounds were present in all 
three extracts and exhibited similar activity. 
Recently, Gnidia glauca leaves have been doc-
umented. The overall phenolic content of the 
active extracts (126.25 0.20 g GAE/mg) and 
flavonoid content (25.75 0.10 g CE/mg) were 
both substantial (25). Figure 1, Figure 2, and 
Figure 3 illustrate the peak of the compound.

Antioxidant properties 

The primary phenolic content of the 
methanolic extract derived from the leaf of 
Gnidia glauca, which possesses noteworthy 
antioxidant properties, amounted to 203.3 
GAE/g. Its IC50 for ABTS was 16.3 g/mL, while 
for nitric oxide radical scavenging it was 360.8 
g/mL. Furthermore, at the 30-minute mark, a 
FRAP value of 993.7 m TE/mg was observed, 
and the total antioxidant activity was evaluated 
at 142.5 mg AAE/g (27). Similar patterns were 
observed in the alcoholic extracts of Gnidia 

glauca leaf, which exhibited substantial pheno-
lic and flavonoid content. The alcoholic extracts 
of Gnidia glauca leaves demonstrated second 
order rate constants of 3.73 106 in the case 
of pulse radiolysis-generated hydroxyl radical 
scavenging. The leaf extract in methanol dis-
played effective DPPH, superoxide, and nitric 
oxide radical scavenging activities (7).

Pesticidal and larvicidal properties 

In Kenya, the utilization of Gnidia glau-
ca leaves as an insecticide has been docu-
mented (13). The eggs of the teak defoliator 
Hyblaea puera Cramer were significantly erad-
icated by an aqueous extract derived from the 
leaves and bark of Gnidia glauca, with mortality 
rates reaching 44.4% and 45.7%, respectively 
(20). To explore the antileukemic and piscicid-
al properties of Gnidia glauca, dried ground 
roots were subjected to extraction using 95% 
ethanol at ambient temperature, while being 
gently agitated for duration of 24 hours. In or-
der to isolate the piscitoxic fraction, known as 
gnidiglaucin (C32H46O10), the extract was sub-
sequently partitioned using varying proportions 
of a chloroform-water mixture. However, the 
isolated compound did not exhibit any inhibi-
tory effects in an in-vivo test for antileukemic 
activity (P388) (34). Hexane and chloroform 
extracts obtained from the dried bark of Gnidia 
glauca demonstrated a modest larvicidal ef-
fect on mosquito larvae, whereas extracts de-
rived from the fresh bark of the plant exhibited 
more pronounced larvicidal effects on Aedes 
aegypti second instar larvae. Remarkably, the 
chloroform extract of fresh bark displayed its 
maximum activity, resulting in 100% mortality, 
within a matter of minutes. Bioassay-guided 
fractionation revealed that the larvicidal activity 
is primarily attributed to substances such as bi-
coumarin and Pimelea factor P2 (2). The meth-
anolic extract of Gnidia glauca leaves exhibits 
properties that are beneficial in the manage-
ment of diabetes (6). Among the leaf extracts 
of Vitex negundo, the 1% chloroform extract 
demonstrates the highest larval mortality rate 
(10.30%), surpassing the acetone leaf extract 
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(7.7%) and the methanol leaf extract (3.09%) 
(32). Furthermore, it outperforms the artificial 
diet, which is both costly and time-consuming, 
in investigating growth factors necessary for 
the development of early-stage larvae (21).

Antimicrobial properties 

Plant pathogenic fungi are the main rea-
son for significant losses in crop output as well 
as in the farmers’ income. Thus, it is crucial to 
produce low-cost, herbal antifungal medications 
that are also environmentally friendly. A plant 
pathogenic fungus called Phytophthora parasit-
ica, which causes pineapple heart rot, was vari-
ably inhibited by aqueous extracts of different 
sections of Gnidia glauca. The Gnidia glauca 
seeds, leaves, and barks displayed an inhibition 
up to 19.16, 15.90, and 23.46%, respectively, at 
a concentration of 5%. Similar to this, increased 
activity was seen at 10%, which is equivalent 
to 28.47, 34.59, and 33.60% for seed, leaves, 
and bark, respectively (20). Recently, a strong 
anticariogenic activity of the methanolic extract 
of Gnidia glauca leaves against Streptococcus 
mutans was discovered. The total phenolic and 
flavonoid contents of the active extracts were 
both high (126.25 0.20 g GAE/ mg and 25.75 
0.10 g CE/mg, respectively) (12). When com-
pared to leaf and flower extracts, Gnidia glau-
ca bark extract has greater antibacterial action 
against pathogens that cause urinary tract infec-
tions, such as Escherichia coli, Klebsiella pneu-
moniae, Pseudomonas aeruginosa, Staphylo-
coccus aureus, and Enterococcus faecalis (25).

Nano particles properties 

The flower extract of Gnidia glauca facilitates 
the production of gold nanoparticles owing to 
its abundant phenolic and flavonoid constitu-
ents. This process exhibits remarkable expe-
ditiousness, as it can be accomplished entirely 
within a time frame of fewer than 20 minutes. 
The ultimate form of the AuNPs consists of 
diminutive spheres with a median diameter of 
10 nm. Through the utilization of high resolu-
tion transmission electron microscopy and vari-

ous other methods of characterization, peculiar 
structures such as Nano-triangles were also 
observed (6).

Conclusion

Gnidia glauca, an eminent botanical specimen, 
possesses remarkable ethno medicinal proper-
ties, encompassing anticoagulant, antioxidant, 
and anthelmintic activities. Furthermore, it 
serves as a biomarker for oral cancer patients 
undergoing cancer treatment. This multifacet-
ed plant exhibits allergenic, anesthetic, anti-
bacterial, anticancer, ant mutagenic, antisep-
tic, antispasmodic, antitumor, and tyrosinase 
inhibitory qualities. Additionally, it functions as 
a flavor enhancer, insecticide, nematicide, pes-
ticide, sedative, and termiticide, while also pos-
sessing antipruritic and fungicidal attributes. 
Notably, it demonstrates host-specific patho-
toxicity, leading to cellular demise in both plant 
and animal organisms. Moreover, it showcases 
antioxidant and hypocholesterolemic proper-
ties, alongside its nematicidal, pesticidal, and 
antiandrogenic effects. It imparts a delightful 
flavor and exhibits hemolytic and 5-alpha re-
ductase inhibitory activities. Furthermore, it 
displays commendable insecticidal, herbicid-
al, and fungicidal properties, as well as mild 
antifungal activity. Phytochemical investiga-
tions have unequivocally established the indis-
pensability of Gnidia glauca in the daily lives 
of humans, animals, and plants, ensuring their 
well-being and vitality.
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Abstract

	 SMA is a neurodegenerative autosomal 
recessive disorder characterized by progressive 
degeneration of motor neurons of the spinal 
cord, leading to muscle weakness and early 
mortality. SMA can be divided into four types, 
extending from severe infantile-onset type I to 
milder forms that appear later in life, such as 
types II, III, and IV. The GCC countries have an 
unusually high prevalence of SMA, largely due 
to the high rate of consanguineous marriages, 
a situation that increases the risk of inheritance 
of autosomal recessive conditions. Genetic 
predisposition to SMA is due to mutations in 
the Survival Motor Neuron gene occurring in 
two almost identical copies, SMN1 and SMN2. 
The severity of this disease is correlated with 
the number of functional copies of these genes; 
however, SMN2 is also capable of playing a 
very critical compensatory role. The more the 
number of copies of SMN2 one has, the milder 
the forms of the disease. Molecular screening 
techniques such as genetic testing and carrier 
screening are very essential in this regard for 

early diagnosis and management of SMA. This 
orphan disease has several FDA- and EMA-
approved treatment options for SMA, including 
Nusinersen, Onasemnogene abeparvovec, 
and Risdiplam. Results with these treatments 
are very promising and show improved motor 
function and survival in the affected patients. The 
present review outlines current developments in 
research and treatment of the disease, drawing 
attention to the high prevalence of the condition 
in GCC countries and also to the contribution 
that genetic screening, combined with the 
emerging therapies, can have in managing this 
devastating disorder.

Keywords: SMA, SMN1, SMN2, Risdiplam, 
Onasemnogene Abeparvovec, Nusinersen

Introduction

Spinal muscular atrophy (SMA) 
includes a group of inherited neurodegenerative 
diseases of an autosomal recessive nature. 
Clinically, SMA is characterized by muscle 
weakness and atrophy associated with loss of 
spinal and sometimes bulbar motor neurons (1). 
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Since the disease’s first clinical identification 
in 1891, we have learned more about its 
pathogenesis and anatomical features during 
the course of the following century (1, 2, 3, 4). 
This ailment was first linked to the 5q13.2 locus 
in 1990, and by 1995, the gene survival motor 
neuron (SMN) was implicated in the disorder’s 
presentation (1, 4). The identification of the 
gene helped in the creation of animal models 
by the early 2000’s, and this in turn enabled the 
identification of the role of SMN2 in preserving 
the phenotype and providing new avenues of 
therapeutic interventions. Advances in SMA 
genetic testing and diagnosis have provided 
accurate epidemiological information; at least 
1 in 10,000–20,000 live newborns have the 
condition, and over 90% of affected individuals 
are homozygous for SMN1 deletion (5; 4). In 
contrast, some studies report that SMA affects 
approximately 1 in 6,000 individuals and is 
the most common form of hereditary cause of 
childhood mortality (2).

This review gleans insights and evidence 
from published literature and aims to provide a 
comprehensive overview of the condition, mainly 
focusing on SMA’s genetic predisposition, global 
and national frequencies in Saudi Arabia, and 
molecular screening and testing techniques.

Clinical manifestations

Classically, SMA presents with 
progressive muscle weakness and atrophy 
leading to irreversible loss of anterior horn cells 
in the spinal cord and the brain stem nuclei. 
The weakness associated with the condition 
ranges, with the weakness being progressive, 
symmetric, and greater in the proximal region 
than in the distal. Since its identification, 
attempts have been made to classify SMA into 
discrete and identifiable phenotypic subtypes, 
but with the advent of diagnostic technologies, 
it has become clear that SMA has varied 
phenotypes (6). Advances in next-generation 
technologies have now identified as many 

as 33 genes that have been implicated in the 
manifestation of the SMA phenotype. This 
technology has enabled researchers to identify 
the mechanisms that include defects in RNA 
metabolism and splicing, axonal transport, and 
motor neuron development and connectivity 
(6). This unraveling of mechanisms has helped 
progress from the disease being referred to 
as SMA5q (the most common form of the 
condition) to a multitude of phenotypes that can 
be attributed to the genetic heterogeneity (6). 
The location of the gene (SMN1) responsible for 
SMA is a complex locus, as it contains a 500-
kb duplication and loss of a telomeric region, 
which is what leads to SMA, while the SMN2 
gene is a centromeric gene. Both genes differ 
by one exon, i.e., exon 7, that is spliced out in 
the SMN2 gene because of a C>T transition at 
c840. Though most of the mRNA transcripts 
produced do not contain exon 7, there still are 
some transcripts that escape this predicament, 
and these transcripts are responsible for the 
5-10% of full-length transcripts that rescue the 
SMN1 phenotype (7). A multitude of patients 
(approximately 96%) present with a SMN1 
homozygous deletion for the exons seven and 
eight or exon seven only, whereas the other four 
percent are compound heterozygotes for the 
SMN1 locus with a deletion of one allele and a 
point mutation at the other (8).

The most common form of the condition 
manifests due to the homozygous disrupted 
SMN1, which results in a reduction in the SMN 
levels in the motor neurons, and is an autosomal 
recessive condition with a frequency of 1 in 6000 
to 10,000 and a carrier frequency of 1 in 40 to 60 
adults (6). The latest technological innovations 
have now been able to classify SMA into four 
types according to their symptom severity and 
genotypes, though this might change based on 
the advancements that have been achieved in 
the treatment of the condition (9). The below-
given table classifies the different types of SMA 
(Table 1) (6).
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SMN: survival motor neuron; 
SMALED: spinal muscular atrophy 
with lower extremity predominance; 
DSMA: distal spinal muscular 
atrophy; HMN: distal hereditary 
motor neuropathy, SMARD: spinal 
muscular atrophy with respiratory 
distress, HMNJ: distal hereditary 
motor meuropathy, Jerash type; 
dHMN: distal HMN

Most 5q SMA patients 
present with a homozygous 
deletion of the seventh exon 
of SMN1, with the remaining 
presenting with a deletion and 
a heterozygous point mutation. 
De novo mutations have been 
reported in two percent of the 
cases, indicating that this particular 
region on the fifth chromosome is 
unstable due to the presence of 
a high number of copy number 
repeats causing problems during 
the crossing over, thus leading to 
de novo mutations. Patients who 
present with mild symptoms might 
undergo gene conversion of the 
SMN1 and SMN2 genes (10). The 
number of copies of SMN2 varies 
in the general population, with 
15% of individuals not having even 
a single copy of the gene, 33% 
having a single copy, and 50% of 
the general population having two 
copies of the gene (10).

Spinal muscular atrophy in gulf 
cooperation council countries

Data specific to SMA in 
GCC is limited, but there is an 
increase in it. Research shows 
that globally, the occurrence of 
SMA is different, with estimates 
ranging from 1 case per 6,000 live 
births. Caused by genetic factors 
and consanguinity, there are high H
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levels of this illness within some populations 
that could be higher than others. The number 
of cases of genetic abnormalities such as 
SMA could be on the rise in GCC countries 
than in non-consanguineous communities, as 
consanguineous marriages are more common.

“In the GCC states the distribution and 
prevalence of SMA genotypes are influenced by 
a number of factors, consisting of consanguinity 
rates inclusive of genetic diversity within 
populations of Saudi Arabia, Kuwait, Qatar, 
Bahrain, and Oman, along with the United Arab 
Emirates.” According to this quotation from 
Alkuraya et al. (2004), approximately 20% of 
loci known so far exhibit no polymorphisms, 
while most others depict variability along their 
DNA sequence, such as insertion/deletions, 
frameshifts, etc. Among them, it was found that 
~42% came within a 100-bp region near one 
neighboring coding gene (11).”

Saudi Arabia has a very high 
prevalence of SMA, estimated at 13.26 per 
100,000 people (12; 13). The incidence rate is 
equally high, estimated at 40 times the rate in 
Western countries at 10-193 for every 100,000 
births (14). Verhaart et al. (2017) attribute the 
high prevalence to parental consanguinity 
(i.e., intra-familial unions involving first/second 
cousins or other familial ties). Studies estimate 
that 1 billion people reside in communities that 
practice consanguineous marriages, especially 
in the Middle East, North Africa, and West Asia 
(15). An estimated 20% to 50% of marriages 
worldwide are considered to be such marriages. 
As a result, children born in these areas have 
a high incidence of genetic and congenital 
illnesses. The closer the familial relation, 
the higher the risk of the offspring inheriting 
identical copies of genes (including faulty ones) 
from both parents. A recent study in Saudi 
Arabia reported an SMA carrier frequency of 
2.6%, which is higher than the reported global 
frequency of 1.25–2% (16). Valuable insights 
into the genetic landscape of SMA have been 
provided by research undertaken in Saudi 
Arabia. In the study carried out by Alfadhel et al. 

(2017), they investigated the molecular genetics 
of SMA in a group of patients from this country. 
The prevalent type of SMA among all affected 
individuals participating in their research turned 
out to be possession of one copy only of one 
gene called SMN1 exon 7, which resulted in 
its complete deletion on both chromosomes, 
resulting in what is known as homozygous 
deletions. Thereafter signs emerged as those 
of classical nerve degeneration, which involved 
early age onset while leaving individuals fully 
restrained or even dead (17). Studies that have 
explored Kuwait’s genetic epidemiology of SMA 
have provided insight into its prevalence and 
the specific genetic variants that are present 
in this population. The disorder is seen among 
different ethnic and cultural groups across 
Kuwait, although there has been no mention 
of particular incidences of SMA in the literature 
(18).

Diagnosis of spinal muscular atrophy

Diagnosing SMA primarily depends on 
the deletion of the SMN1 gene and the number 
of SMN2 gene copies, which are prognostic 
indicators and modifiers of the disease. Early 
onset of SMA is linked to fewer SMN2 copies, 
resulting in shorter survival, whereas more 
copies correlate with later onset and longer 
survival (19). Phosphorylated neurofilament 
chains also serve as biomarkers, with elevated 
levels observed in presymptomatic individuals 
with two SMN2 copies and in SMA patients 
(20; 21). Non-molecular biomarkers like 
compound muscle action potential (CMAP) 
amplitude, motor unit number estimation 
(MUNE), and electrical impedance myography 
(EIM) are crucial for understanding SMA’s 
etiopathogenesis and differentiating between 
symptomatic and presymptomatic patients (20). 
Imaging tools such as MRI, muscle ultrasound, 
and multispectral optoacoustic tomography help 
detect the symptomatic phase of SMA (19).

Genetic counselling in spinal muscular 
atrophy

Genetic counseling plays a vital role 
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in identifying individuals at risk of inheriting 
diseases or passing on the risk alleles to the 
future generation. Generally, prenatal testing is 
requested by would-be parents who have had 
prior history of the condition in their family or 
have a child who is positive for SMA. Newborn 
screening should be made compulsory in those 
families that have a history of SMA within 
their family. Because most cases arise from 
consanguineous marriages, it is critical that 
the couple undertake genetic testing to avoid 
complications.

Treatment for spinal muscular atrophy

Treatment options for spinal muscular 
atrophy (SMA) are under continuous exploration 
due to the rarity of the condition. This scarcity has 
led to limited interest from drug manufacturers 
in developing SMA therapies. Currently, the 
available treatments are orphan drugs, which 
are specifically developed for rare diseases. 
Three orphan drugs have been authorized for 
SMA treatment: nusinersen, onasemnogene 
abeparvovec, and risdiplam (22).

Nusinersen

This antisense oligonucleotide was the 
first drug approved for SMA by the FDA in 2016 
and the EMA in 2017. Nusinersen targets the 
intronic splice silencing site (ISS-N1) in intron 
7 of the SMN2 gene, preventing the binding of 
hnRNPA1 and hnRNPA2 to ISS-N1. This allows 
exon 7 to be included in the final transcript, 
producing a full-length SMN protein. However, 
nusinersen cannot cross the blood-brain 
barrier, requiring recurrent lumbar punctures for 
administration (22).

Onasemnogene abeparvovec

Approved in 2020 for patients under 
two years old with biallelic SMN1 mutations and 
either three or four copies of the SMN2 gene 
or infantile-onset SMA, this gene replacement 
therapy uses adeno-associated viral vector 
serotype 9 (scAAV9) for delivery. It works 
through recombinant self-complementation 

and has shown significantly improved lifespan 
in preclinical mouse studies, with the ability to 
cross the blood-brain barrier (22). This suggests 
potential effectiveness in humans diagnosed 
early in life.

Risdiplam

An oral medication approved in 2020 by 
the FDA and EMA, risdiplam is a coumarin-based 
pyrido-pyrimidinone derivative. It has excellent 
tissue distribution, as shown in pharmacokinetic 
analyses from preclinical studies (22). These 
advancements in SMA treatment highlight 
the ongoing efforts to manage this rare but 
debilitating condition.

Conclusion

Spinal muscular atrophy (SMA) is 
a genetic disability marked by progressive 
muscle degeneration and diminished strength 
due to the breakdown of nerve cells controlling 
muscle movement in the brainstem and spinal 
cord. This condition primarily results from SMN1 
gene mutations, with varying severity levels 
from type 0 (detected before birth) to type IV 
(appearing in adulthood). The disorder severely 
impacts patients’ mobility, affecting activities like 
walking and sitting, and can lead to breathing 
and swallowing difficulties in advanced stages. 
Early identification and management are 
crucial. Significant advancements in genetic 
research and therapeutics, including treatments 
like nusinersen (Spinraza), onasemnogene 
abeparvovec (Zolgensma), and risdiplam 
(Evrysdi), have improved the outlook for SMA 
patients by potentially halting or restoring 
neurological functions. Timely initiation of these 
treatments, supported by newborn screening 
programs, is essential. Thus, further efforts 
are still being made in relation to gene therapy, 
while other complementary treatments, such as 
physiotherapy/occupational therapy, ventilator 
use, and nutrition management, have led to 
better standards of living among patients with 
SMA. However, even with advancements, 
some problems still exist. High treatment 
costs, lifelong need for medical attention, 
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and their effect on the social and mental well-
being of patients and their relatives require 
that management be all-inclusive. To address 
these demands, joint health workers must have 
multidisciplinary teams comprising neurologists, 
genetic counselors, and others. Continued 
research, early intervention, and holistic care 
approaches are key to improving outcomes and 
offering hope to individuals and families affected 
by this disorder.
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Abstract: 

The BCL (B-cell lymphoma) protein 
family is a diverse group of regulators critically 
involved in apoptosis, a tightly controlled pro-
cess crucial for maintaining tissue homeostasis. 
Dysregulation of apoptosis is a common feature 
in cancer, emphasizing the need to compre-
hend the intricate mechanisms underlying the 
function of the BCL family. This literature review 
offers a comprehensive exploration of the struc-
tural domain organization of the BCL family, 
shedding light on how these proteins orchestrate 
apoptosis. The family comprises anti-apoptotic 
proteins, pro-apoptotic effectors, and BH3(B-
CL-2 homology 3)-only proteins, each with dis-
tinct structural features and functional roles in 
apoptotic signaling pathways. Anti-apoptotic 
proteins like BCL-2 serve as guardians against 
cell death by preserving mitochondrial integri-
ty. Pro-apoptotic effectors, on the other hand, 
actively promote apoptosis by inducing mito-
chondrial outer membrane permeabilization. 
BH3-only proteins act as molecular switches, 
mediating the delicate balance between pro- 
and anti-apoptotic signals. This review delves 
into the specific role of BCL-2, a prominent fam-
ily member, in various cancers such as lung, 
breast, and prostate cancers. Highlighting its 
significance as a potential therapeutic target, 
the article underscores the importance of un-
derstanding the molecular nuances of BCL-2 in 

cancer progression. Moreover, recent advance-
ments in BCL-2 inhibitor development are dis-
cussed, showcasing their potential as targeted 
therapies for cancer treatment. These inhibitors 
represent a promising avenue for personalized 
cancer therapy, aiming to selectively induce 
apoptosis in cancer cells while sparing normal 
cells. The review emphasizes the importance of 
these inhibitors in addressing the specific chal-
lenges posed by BCL-2 dysregulation in diverse 
cancer types. By elucidating the structural and 
functional aspects of the BCL protein family, this 
literature review provides valuable insights into 
apoptotic signaling pathways. It not only deep-
ens our understanding of the molecular intrica-
cies governing cell death but also presents nov-
el strategies to modulate apoptosis in cancer 
cells. Ultimately, the article highlights the signifi-
cance of BCL proteins as promising therapeutic 
targets and the potential of BCL-2 inhibitors for 
personalized cancer therapy, paving the way for 
advancements in cancer treatment.

Key Words: BCL-2 proteins, BH3 only pro-
teins, anti-apoptotic proteins, pro-apoptotic 
proteins

Introduction

The B-cell lymphoma (BCL) protein 
family encompasses a diverse group of regu-
latory proteins involved in the intricate control 
of apoptosis, a fundamental process in cellular 
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homeostasis (1). Apoptosis, or programmed cell 
death, plays a crucial role in embryonic develop-
ment, tissue remodelling, and the elimination of 
damaged or infected cells(2). Dysregulation of 
apoptosis is strongly associated with the patho-
genesis of various diseases, including cancer, 
Studying of BCL proteins essential for under-
standing and developing therapeutic strategies 
(2). 

The BCL family can be classifi ed (Fig-
ure 1) into three main groups based on their 
function and structural domains: anti-apoptotic 
proteins (e.g., BCL-2, BCL-XL), pro-apoptotic 
eff ectors (e.g., BAX, BAK), and BCL-2 homol-
ogy-3 (BH3) only proteins (e.g., BIM, BAD)(3). 
These proteins dynamically interact and regu-
late the balance between cell survival and death 
by modulating mitochondrial integrity, caspase 
activation, and the release of pro-apoptotic fac-
tors (4).

Figure 1: Classifi cation of Bcl-2 Protein Family

Overexpression of B-cell lymphoma 2 
(BCL-2) has been associated with increased 
resistance to apoptosis, allowing cells to evade 
programmed cell death and contribute to tumor-
igenesis and cancer progression (4). The dys-
regulation of BCL-2 expression or function can 
lead to the evasion of apoptosis, promoting cell 
survival, tumor growth, and resistance to ther-
apeutic interventions. Therefore, understanding 
the role of apoptosis in regulating the BCL-2 

protein is important in cancer research and may 
provide valuable insights into the development 
of targeted therapies (4).

Investigating the role of BCL proteins 
in cancer research is of paramount importance 
due to their central involvement in apoptosis 
and their dysregulation in various malignan-
cies (5). Aberrant expression of BCL proteins, 
such as upregulation of anti-apoptotic proteins 
or loss of pro-apoptotic eff ectors, can confer a 
survival advantage to cancer cells, contributing 
to tumor initiation, progression, and therapy re-
sistance (6).

Recent studies have highlighted the 
clinical signifi cance of BCL proteins as diagnos-
tic and prognostic markers in multiple cancer 
types (7). For instance, BCL-2 overexpression 
has been associated with adverse outcomes 
in lung cancer and breast cancer while BCL-2 
downregulation has been linked to aggressive 
prostate cancer phenotypes (8). Understand-
ing the structural and functional aspects of BCL 
proteins can uncover novel therapeutic targets 
and inform the development of precision medi-
cine approaches.

One of the remarkable advancements 
in the fi eld has been the development and uti-
lization of small-molecule inhibitors and BCL-
2 homology 3 (BH3) mimetics that specifi cally 
target the BCL-2 protein (9). These compounds 
aim to disrupt the interactions between BCL-
2 and its pro-apoptotic counterparts, such as 
BCL-2-associated X protein (BAX) and BCL-2 
homologous antagonist/killer (BAK) and restore 
the apoptotic signalling cascade (9,10). By in-
hibiting the anti-apoptotic function of BCL-2, 
these drugs promote apoptosis and sensitize 
cancer cells to cytotoxic therapies (11).

Venetoclax (ABT-199), a potent BCL-2 
inhibitor, has emerged as a breakthrough thera-
peutic agent in the treatment of certain haema-
tological malignancies (12). It has demonstrat-
ed remarkable effi  cacy as a single agent or in 
combination with other chemotherapeutic drugs 
in various haematological cancers, including 
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chronic lymphocytic leukaemia (CLL) and acute 
myeloid leukaemia (AML) (12,13). Venetoclax 
has been approved by regulatory authorities 
and is commercially available for the treatment 
of specific indications. Other BCL-2 inhibitors 
currently under investigation include navitoclax 
(ABT-263) and sabutoclax (BI-97C1), which 
target both BCL-2 and related anti-apoptotic 
proteins, such as B-cell lymphoma-extra-large 
(BCL-XL) and myeloid cell leukaemia sequence 
1 (MCL-1) (13). These inhibitors have shown 
promising results in preclinical studies and 
early-phase clinical trials, demonstrating their 
potential as therapeutic options for various can-
cers (12).

Furthermore, the development of BH3 
mimetics, which mimic the BH3 domain of 
pro-apoptotic proteins and selectively target an-
ti-apoptotic proteins, has opened new avenues 
for precision medicine (14). These BH3 mimet-
ics, such as obatoclax, ABT-737, and ABT-199, 
have shown efficacy in preclinical models and 
are being evaluated in clinical trials for the treat-
ment of haematological and solid malignancies 
(15).

Moreover, the development of 
small-molecule inhibitors and BH3 mimetics 
that selectively target BCL proteins has shown 
promising results in preclinical and clinical stud-
ies. These targeted therapies aim to restore the 
delicate balance between pro- and anti-apop-
totic BCL proteins, sensitizing cancer cells to 
cell death and overcoming treatment resistance 
(15). Therefore, unravelling the intricate mech-
anisms of BCL protein regulation and their in-
teractions provides a foundation for the devel-
opment of innovative therapeutic strategies in 
cancer treatment. 

Structural domain of BCL family

The BCL-2 homology (BH) domains 
constitute a crucial structural feature of the BCL 
protein family. BH domains are conserved re-
gions within the protein sequence that partici-
pate in protein-protein interactions and deter-
mine the functional properties of BCL proteins 

(16). The BH domains are classified into four 
subgroups: BH1, BH2, BH3, and BH4. Each 
subgroup has distinct structural and functional 
characteristics. BH1 and BH2 domains are pri-
marily found in the multi-domain anti-apoptotic 
proteins, while BH3 domains are present in both 
pro-apoptotic effectors and BH3-only proteins 
(16). Multi-domain anti-apoptotic proteins, such 
as BCL-2, BCL-XL, and MCL-1, contain multi-
ple BH domains, including BH1, BH2, and BH3 
(17).

Understanding the structural organi-
zation of BCL proteins and their functional do-
mains is important in elucidating the complex 
mechanisms underlying apoptosis. Dysregula-
tion of BCL proteins can lead to abnormal cell 
survival, contributing to the development and 
progression of various diseases, including can-
cer (18).

Anti-apoptotic Proteins 

BCL-2

BCL-2 interacts with proteins like BAX 
and BAK, which promote cell death. BCL-2 forms 
complexes with these proteins, preventing them 
from causing damage to the mitochondria and 
stopping the release of apoptotic factors (19). 
BH3-only proteins such as BAD, BIM, PUMA, 
and BID can neutralize the inhibitory effect of 
BCL-2, allowing other pro-death proteins to ini-
tiate apoptosis. Additionally, there are synthetic 
compounds called BH3 mimetics that mimic the 
function of BH3-only proteins. BH3 mimetics 
can disrupt the interaction between BCL-2 and 
pro-survival proteins, leading to apoptosis (19).

BCL-XL

BCL-XL (BCL2L1) protein consists of 
structural domains including BH1, BH2, and 
BH3 domains (20). These domains are import-
ant for protein-protein interactions and modulat-
ing the function of BCL-XL. BCL-XL is primarily 
localized in the mitochondria, where it exerts 
its anti-apoptotic effects (21). By residing in 
the outer membrane of mitochondria, BCL-XL 
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protects the integrity of these organelles and 
prevents the release of apoptotic factors. Inter-
acting proteins of BCL-XL include Bax and Bak, 
which are pro-apoptotic proteins (21). BCL-XL 
forms heterodimers with Bax and Bak, inhibiting 
their pro-apoptotic activity (21). This interaction 
prevents the formation of pores in the mitochon-
drial membrane, thereby blocking the release 
of apoptotic factors. Key regulators of BCL-XL 
include BH3-only proteins like Bim, Bad, and 
Puma (22). These proteins can bind to BCL-XL 
and neutralize its anti-apoptotic function, allow-
ing pro-apoptotic proteins to promote apopto-
sis (22,23). Recent studies have shed light on 
the importance of BCL-XL in cell survival and 
apoptosis regulation (23). A study presented a 
case of a patient with metastatic colon cancer 
and highlighted the role of BCL-XL in the pro-
gression of the disease. The study found that 
the patient had a mutation in the v-Raf murine 
sarcoma viral oncogene homolog B (BRAF) and 
a deficiency in mismatch repair, which led to the 
overexpression of BCL-XL and contributed to 
the development of metastatic lesions (23).

MCL-1

MCL-1 possesses structural domains 
including BH1, BH2, and BH3 domains. These 
domains are important for its interactions with 
other proteins and modulating its anti-apoptotic 
function (24). The protein is primarily localized in 
the mitochondria, where it exerts its anti-apop-
totic effects (25). By residing in the outer mem-
brane of mitochondria, MCL-1 helps maintain 
mitochondrial integrity and prevents the release 
of apoptotic factors. MCL-1 interacts with sever-
al proteins, including pro-apoptotic members of 
the BCL-2 family such as BIM, BAK, and NOXA 
(26). These interactions are crucial for deter-
mining the balance between cell survival and 
apoptosis. MCL-1 can form heterodimers with 
pro-apoptotic proteins, inhibiting their ability to 
promote apoptosis (27).

BCL-W

BCL-W (BCL2L2) is an anti-apoptotic 
protein that has been less studied compared 

to other members of the BCL-2 family (28). 
It shares structural homology with other an-
ti-apoptotic proteins, including BCL-2 and BCL-
XL. Like other BCL-2 family members, BCL-W 
functions to inhibit apoptosis and promote cell 
survival (28). 

BFL-1

This protein consists of BH1, BH2, and 
transmembrane domains, which are essential 
for its interactions with other proteins and its 
anti-apoptotic function. BFL-1 is primarily local-
ized to the mitochondria, particularly the outer 
mitochondrial membrane (29). BFL-1 has been 
associated with various cellular processes and 
interactions. One notable interaction involves its 
binding to Beclin-1, which enhances the prolif-
eration of macrophages and mast cells during 
allergic reactions. By interacting with Beclin-1, 
BFL-1 supports the survival and expansion of 
these immune cells (30).

Pro-apoptotic Effectors 

BAX (Bcl-2-associated X protein)

BAX is a pro-apoptotic protein that 
plays a crucial role in programmed cell death. 
It is activated by various apoptotic signals, such 
as DNA damage, endoplasmic reticulum stress, 
and growth factor withdrawal (31). The activa-
tion of BAX involves a series of conformational 
changes, oligomerization, and membrane inser-
tion (32). These processes lead to the formation 
of pores in the outer mitochondrial membrane, 
known as mitochondrial outer membrane per-
meabilization (MOMP) (31). As a result, Cy-
tochrome c, among other factors, is released 
into the cytoplasm, leading to the assembly of 
the apoptosome and subsequent activation of 
caspases, initiating cell death (33).

BAK (Bcl-2 antagonist/killer)

Like BAX, BAK interacts with anti-apop-
totic proteins such as BCL-2 and BCL-XL. The 
dynamic balance between BAK and these an-
ti-apoptotic proteins determines whether apop-
tosis is initiated or prevented (34).
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BOK (Bcl-2-related ovarian killer)

BOK exhibits a broader range of 
pro-apoptotic activities compared to BAX and 
BAK. It can induce apoptosis through both mi-
tochondrial-dependent and mitochondrial-in-
dependent pathways (35). BOK interacts with 
Beclin-1 and other autophagy-related proteins, 
modulating autophagic activity (36). BOK ex-
pression is regulated by cellular stressors such 
as DNA damage and viral infection. Its upregu-
lation can contribute to cell death in response to 
these stressors (36).

BH3- Domain only Protein

Bcl-2-interacting mediator of cell death (BIM)

The binding of BIM to anti-apoptotic 
proteins results in the displacement of pro-apop-
totic effectors, leading to their activation and 
subsequent initiation of apoptosis (37). BIM can 
also directly activate BAX and BAK by interact-
ing with their hydrophobic grooves, promoting 
their oligomerization and pore formation in the 
mitochondrial outer membrane (38).

BH3-interacting domain death agonist (BID)

BID serves as a critical link between the 
extrinsic and intrinsic apoptotic pathways (Fig-
ure 2), connecting death receptor activation to 
mitochondrial apoptosis (39). Upon cleavage by 
caspase-8, BID generates the truncated form 
(tBID), which translocate to the mitochondria 
and interacts with BAX and BAK (40). The inter-
action of tBID with BAX and BAK induces their 

conformational changes and activation, promot-
ing MOMP and the release of apoptotic factors 
(41).

p53 upregulated modulator of apoptosis 
(PUMA)

PUMA is a potent inducer of apoptosis 
and functions as a critical mediator of p53-de-
pendent and -independent apoptotic pathways 
(42). Its transcriptional activation occurs in re-
sponse to various cellular stresses, including 
DNA damage, oncogenic signalling, and hypox-
ia (43).

Bcl-2-associated death promoter (BAD)

In its unphosphorylated state, BAD 
forms heterodimers with BCL-2 or BCL-XL, 
preventing their interactions with pro-apoptotic 
effectors, BAX and BAK (44). Phosphorylation 
of specific serine residues on BAD promotes its 
dissociation from BCL-2 or BCL-XL, enabling 
the activation of BAX and BAK (45).

BCL 
Family 
Member

Structural 
Domains

Function Cellular Localiza-
tion

Interacting 
Proteins

Key Regulators

BCL-2 BH1, BH2, 
BH3, BH4

Anti-apoptotic Mitochondrial 
membrane

BAX, BAK, 
BAD, BIM

BH3-only proteins, BH3 
mimetics, BCL-2 homolo-
gy 3 (BH3) peptides

BCL-XL BH1, BH2, 
BH3, BH4

Anti-apoptotic Mitochondrial 
membrane

BAX, BAK, 
BAD, BIM

BH3-only proteins, BH3 
mimetics, BCL-2 homolo-
gy 3 (BH3) peptides

Figure 2: Intrinsic apoptotic pathway.

Table 1: BCL2 family members and their key regulators.
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MCL-1 BH1, BH2, 
BH, BH4

Anti-apoptotic Mitochondrial 
membrane

BIM, NOXA BH3-only proteins, BH3 
mimetics, Mule, Mule-in-
duced degradation

BCL-W BH1, BH2, 
BH3, BH4

Anti-apoptotic Mitochondria BAX, BAK, 
BIM, BAD, 
PUMA

BH3-only proteins, BH3 
mimetics (context-depen-
dent)

BFL-1 BH1, BH3 Anti-apoptotic Mitochondria BAX, BAK, 
BIM, BAD, 
PUMA

BH3-only proteins, BH3 
mimetics

BAX BH1, BH2, 
BH3

Pro-apoptotic Cytoplasm, Mito-
chondria

BCL-2, BCL-
XL, MCL-1, 
BFL-1

BH3-only proteins, BH3 
mimetics, tBID, PUMA, 
BIM, BAD, Bmf, Hrk, ART

BAK BH1, BH2, 
BH3

Pro-apoptotic Mitochondria BCL-2, BCL-
XL, MCL-1, 
BFL-1 

BH3-only proteins, BH3 
mimetics, tBID, PUMA, 
BIM, BAD, Bmf, Hrk, ART

BOK BH1, BH2, 
BH3

Pro-apoptotic Mitochondria BCL-2, BCL-
XL, MCL-1, 
BFL-1

BH3-only proteins, BH3 
mimetics, tBID, PUMA, 
BIM, BAD, Bmf, Hrk, ART

BIM BH3 BH3- domain 
only proteins. 

Cytoplasm, Mito-
chondria

BCL-2, BCL-
XL, MCL-1, 
BFL-1 

JNK, p38, FOXO, ERK, 
Chk1

BID BH3 BH3- domain 
only proteins.

Cytoplasm BCL-2, BCL-
XL, MCL-1, 
BCL-1 

Caspase-8, caspase-3

PUMA BH3 BH3- domain 
only proteins.

Cytoplasm, Mito-
chondria

BCL-2, BCL-
XL, MCL-1, 
BFL-1

p53, p73, NOXA, BAX, 
BAK, BAD, MCL-1, BCL-
XL, BCL-2

BAD BH3 BH3- domain 
only proteins.

Cytoplasm BCL-2, BCL-
XL, MCL-1, 
BFL-1

Akt, PKA, Raf-1, ERK, 
JNK, Pim-1, B-Raf, PAK1, 
PKC, S6K, RSK, PDK1

BCL-2 and lung

Several studies have investigated the 
relationship between BCL-2 and lung cancer. In 
high-grade neuroendocrine lung cancers, BCL-
2 has been identified as an acquired vulnerabil-
ity and a potential therapeutic target (46). Tar-
geted inhibition of BCL2 has shown efficacy in 
overcoming resistance to chemotherapy in non-
small cell lung cancer (NSCLC) cell lines (47). 
However, the prognostic importance of BCL-2 
expression in lung cancer is still debated. While 

some studies have shown that BCL-2-negative 
expression is associated with poor prognosis47, 
a systematic review of studies in non-small cell 
lung cancer revealed conflicting results, with 
smaller studies showing a significant relation-
ship between BCL-2 expression and risk of dy-
ing, while larger studies showed non-significant 
effects (48).

The regulation of BCL-2 expression 
and its impact on lung cancer progression have 
also been investigated. For example, nicotine 
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has been found to induce BCL-2 phosphoryla-
tion, leading to increased survival of lung can-
cer cells (49). Additionally, the transcription fac-
tor Runt-related transcription factor 2 (RUNX2) 
has been implicated in inhibiting the apoptosis 
process in lung cancer, and its knockdown has 
been shown to downregulate the expression of 
BCL-2 (50). Furthermore, the interaction be-
tween BCL-2 and other molecules has been 
explored. BCL-2-associated athanogene 3 
(BAG3), a member of the BAG family, has been 
found to have a tight relationship with BCL-2 
and can synergistically act with BCL-2 to induce 
anti-apoptotic effects in lung cancer (51). The 
miR-497/BCl-2 axis has also been identified as 
a potential therapeutic target in lung cancer, as 
miR-497 can decrease resistance to cisplatin by 
targeting BCL-2 (52).

BCL-2 plays a complex role in lung can-
cer, with both therapeutic and prognostic impli-
cations. Targeted inhibition of BCL-2 has shown 
promise in overcoming resistance to chemo-
therapy in NSCLC, while the prognostic signif-
icance of BCL-2 expression in lung cancer re-
mains controversial. Further research is needed 
to fully understand the mechanisms underlying 
the relationship between BCL-2 and lung can-
cer and to explore its potential as a therapeutic 
target.

BCL-2 and breast cancer

Early studies have shown that BCL-2 
expression is associated with low-grade, slow-
ly proliferating Oestrogen positive (ER+) breast 
tumours, and its correlation with ER status is 
attributed to the improved survival observed 
in these tumours53. Recent studies have fur-
ther supported the clinical validity of BCL2 as 
a prognostic marker for early-stage breast 
cancer, independent of ER, Human Epidermal 
Growth Factor Receptor 2 (HER2), and adju-
vant therapy received (53). BCL-2 expression 
has been associated with favourable 5-year re-
currence-free survival (RFS) and disease-spe-
cific survival (DSS) in luminal A breast cancer54. 
However, the prognostic role of BCL-2 expres-

sion in breast cancer is subtype-specific, and its 
significance in other subtypes remains unclear 
(54). In addition to its prognostic value, BCL-2 
has been investigated in relation to other factors 
in breast cancer. High BCL-2 protein expression 
has been associated with a favourable outcome 
regardless of ER, Progesterone (PR), or HER2 
status (55). On the other hand, BCL2 expres-
sion is only observed in a small proportion of 
triple-negative breast cancers (55). Further-
more, BCL-2 has been studied in the context 
of genetic polymorphisms. A study found that 
the BCL-2 C (-938) A gene polymorphism was 
associated with an increased risk of developing 
breast cancer (56). However, another study did 
not find an association between a BCL-2 pro-
moter polymorphism (rs2279115) and BCL-2 
expression or overall survival in breast cancer 
patients (57). The relationship between BCL-2 
and breast cancer has also been explored in 
terms of its interaction with other molecules. 
miR-181a-5p has been found to downregulate 
BCL-2, leading to apoptosis in breast cancer 
cells (58). Additionally, BCL-2 expression has 
been correlated with p52 expression in breast 
carcinoma, suggesting a potential relationship 
between the two (59).

Breast cancer research has focused on BCL-
2, whose expression has been linked to a va-
riety of clinicopathologic traits and prognoses. 
When it comes to specific breast cancer sub-
types, particularly luminal A tumours, BCL-2 
has demonstrated prognostic relevance. Re-
search is still being done on its importance in 
various subtypes of breast cancer as well as 
how it affects prognosis. Furthermore, studies 
have shown BCL-2 interacts with several other 
elements, including genetic polymorphisms and 
molecular interactions. To completely compre-
hend BCL-2’s function in breast cancer and its 
potential as a therapeutic target, more research 
is required.

BCL-2 and prostrate cancer

Overexpression of BCL-2 has been 
associated with adverse prognostic factors, 
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disease progression, and therapy resistance in 
prostate cancer (60). High BCL-2 expression 
has been correlated with higher Gleason scores 
and lower biochemical recurrence-free survival 
in patients with advanced prostate cancer (61). 
Additionally, BCL-2 has been implicated in the 
development of castration-resistant prostate 
cancer (62). The regulation of BCL-2 in prostate 
cancer has also been investigated. The Mouse 
Double Minute 2 homolog (MDM2) oncogene, 
which has ubiquitin ligase activity, may have a 
direct role in BCL-2 regulation (63). The tran-
scription factor RUNX2 has been shown to bind 
to the promoter region of antiapoptotic genes, 
including BCL-2, in prostate cancer cells (50). 
Furthermore, microRNA-205 has been iden-
tified as a regulator of BCL-2 in prostate can-
cer, with repression of BCL-2 by miR-205 being 
confirmed through reporter assays and western 
blotting (64). The relationship between BCL-2 
and other factors in prostate cancer has also 
been explored. Down-regulation of BCL-2 has 
been associated with self-reported fatigue in 
non-metastatic prostate cancer patients re-
ceiving external beam radiation therapy (65). 
Additionally, a study found that a BCL-2 poly-
morphism (-938 C>A) showed a protective role 
in susceptibility to papillary thyroid carcinoma 
(66). BCL-2 has been studied in relation to pros-
tate cancer, and its overexpression has been 
associated with adverse prognostic factors, dis-
ease progression, and therapy resistance. The 
regulation of BCL-2 in prostate cancer involves 
various mechanisms, including the involvement 
of the MDM2 oncogene, the transcription factor 
RUNX2, and microRNA-205. Further research 
is needed to fully understand the role of BCL-2 
in prostate cancer and its potential as a thera-
peutic target.

BCL-2 as therapeutic targets to treat cancer

There are several types of therapeutic 
inhibitors that target BCL-2 in various cancers. 
These inhibitors include microtubule-directed 
agents, protein phosphatase 1/2A inhibitors, 
bromodomain and extra-terminal (BET) protein 
inhibitors, autophagy inhibitors, mitochondrial 

respiration inhibitors, ceramide metabolism in-
hibitors, epigenetic therapy, and MDM2 inhibi-
tors. Microtubule-directed agents, such as taxol 
and nocodazole, have been shown to induce 
BCL-2 phosphorylation (67). Protein phospha-
tase 1/2A inhibitors, such as okadaic acid, can 
also induce BCL-2 phosphorylation (67). These 
agents target BCL-2 through different pathways, 
including extracellular signal-regulated kinase 
activation and G2/M accumulation (67). BET 
protein inhibitors have been investigated for 
their potential to increase sensitivity to BCL-2 in-
hibitors in chronic lymphocytic leukaemia (CLL) 
(68). These inhibitors work by inhibiting bromo-
domain and extra-terminal proteins, which can 
enhance the effectiveness of BCL-2 inhibitors 
like venetoclax (68). Autophagy inhibitors have 
also been explored as therapeutic agents tar-
geting BCL-2. Inhibition of the dissociation of 
the Beclin1 and BCL-2 complex, a negative 
regulator of autophagy, has been shown to be 
a potential strategy for developing autophagy 
inhibitors (69). These inhibitors can be useful in 
the treatment of diseases involving autophagy 
dysregulation, including cancer and viral infec-
tions (69). Mitochondrial respiration inhibitors 
have been investigated for their potential to tar-
get BCL-2 in high-grade MYC-associated B-cell 
lymphoma (70). These inhibitors can disrupt 
mitochondrial metabolism and induce cancer 
cell death, potentially synergizing with BCL-2 
inhibitors (70). Ceramide metabolism inhibitors 
have also been explored as potential therapeu-
tics targeting BCL-2. Inhibition of ceramide me-
tabolism can sensitize leukaemia cells to inhibi-
tion of BCL-2 like proteins, leading to enhanced 
apoptosis (71). Epigenetic therapy has been 
shown to activate endogenous retroelements, 
which remodel mitochondrial metabolism and 
sensitize cancer cells to BCL-2 inhibitors (72). 
This combination therapy has shown effica-
cy in acute myeloid leukaemia and may have 
potential for other cancers (72). MDM2 inhibi-
tors, such as nutlin-3a, have been investigated 
for their ability to activate the p53 pathway and 
overcome BCL-2 overexpression in lymphoma. 
Combination therapy of MDM2 inhibitors with 
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BCL-2 inhibitors has shown synergistic effects 
in inducing apoptosis in leukaemia (73).

Conclusion

Apoptosis and programmed cell death 
are tightly regulated by the BCL-2 protein fam-
ily. The family includes both proapoptotic and 
antiapoptotic members that, in turn, either en-
courage or prevent the release of cytochrome 
c from mitochondria. Through the creation of 
pores in the outer mitochondrial membrane, 
the proapoptotic proteins BAX and BAK directly 
mediate the release of cytochrome c. The antia-
poptotic members, on the other hand, like BCL-
2 and BCL-XL, stop the release of cytochrome 
c and support cell survival. BH3-only proteins 
are a diverse group of proteins that regulate 
apoptosis and autophagy. They can be clas-
sified into BH3-only proteins, sensitizers, and 
activators. These proteins play a critical role in 
promoting apoptosis by activating proapoptotic 
effectors or neutralizing antiapoptotic proteins. 
BH3-only proteins also contribute to the induc-
tion of autophagy. Understanding the structural 
and functional aspects of BH3-only proteins is 
important for developing targeted therapies for 
cancer and other diseases. 
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