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ABSTRACT  
Syzygium cumini Skeels, recognized as Java Plum or Jamun, is single of those plants that have been utilized for 
treating many diseases in traditional medicine. In this review, the in vitro cytotoxicity of Syzygium cumini, in 
silico molecular docking studies, pharmacological actions of Syzygium cumini, and composition of constituents 
from the plant will be described briefly. Various chemical complexes like flavonoids, phenolic acids, tannins, 
anthocyanins, alkaloids, glycosides, and terpenoids are existing in different portions of the plant. 
Phytochemicals play various roles in physiology, such as antioxidative, antidiabetic, antibacterial, anti- 
inflammatory, anticancer, hepatoprotective, cardioprotective, and neuroprotective activities. The chemical 
components of S. cumini have been proven in many studies, both in vitro and clinically, to reduce oxidative 
stress, regulate blood sugar levels, inhibit the growth of microorganisms, and affect inflammatory mechanisms. 
Many types of cancer cells, such as MCF-7, HeLa, HepG2, and HT-29, exhibited encouraging anti-proliferative 
and apoptotic effects in toxicity tests. Major phytochemicals such as quercetin, ellagic acid, rutin, and gallic 
acid also exhibited considerable affinity for interaction with target pharmaceutical proteins involved in 
inflammation, diabetes, and cancer, molecular docking analysis indicated. This study has provided detailed 
scientific knowledge on the medicinal uses of Syzygium cumini through phytochemistry, pharmacology, 
cytotoxicity, and computational studies. It is important to undertake further research to determine the safety and 
effectiveness of this plant for use in medicines.  
KEYWORDS: Antioxidant, Molecular docking, Pharmacological activities, Cytotoxicity, Bioactive 
compound.  
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Figure 1: Graphical representation of the Syzygium cumini  
INTRODUCTION:   Before the advent of development, plants were 

widely used for both disease prevention and 
curative purposes.  
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These days, bioactive compounds that are 
produced from plants play a main part in the 
creation of novel drugs [1]. Approximately 80% of 
public universal trust on outdated herbal remedies 
used for their fundamental medicinal necessities, 
rendering to assessments from the world health 
Organization(WHO) Because basils are more 
widely available, more reasonably priced, and 
typically have less adverse effect than synthetic 
medication, herbal remedies are receiving more 
scientific interest [2] Because they consist of 
chemical constituents include flavonoids, 
phenolics, alkaloids, tannins, terpenoids, and 
glycoside various therapeutic plants have strong 
medicinal properties [3]. Syzygium cumini, a 
tropical and subtropical plant in the Myrtaceous 
family, is frequently referred to as Java plum, 
Indian blackberry, or jamun [4]. The plant, which 
is native to the Indian subcontinent, has long been 
used in Auxetic, Unani, and Siddha Therapy to 
cure liver issues, diabetes, gastrointestinal issues, 
inflammation, and pathogenic diseases [5]. 
Bioactive chemical substances like anthocyanins, 
Flavonoids, tannins, gallic acid, ellagic acid, 
quercetin, and terpenoids are abundant in the 
plant’s fruits, seeds, leaves, and bark S. cumini has 
a comprehensive variety of pharmacologic actions, 
with antioxidant, antidiabetic drug, antibacterial, 
anti-inflammatory, anticancer, hepatoprotective, 
cardioprotective, and neuroprotective, according to 
recent scientific studies [6]. By determining 
probable modes of action and target protein 
interactions, in vitro cytotoxicity studies, and in 
silico molecular cropping techniques have further 
bolstered its therapeutic promise. Thus, the goal of 
this analysis is to offer a thorough summary of the 
phytochemical components, pharmacological 
(a)Botanical discerption:   
According to sources, Syzygium cumini has its 
origin in the East Indies and India. This species 
occurs naturally in Indonesia, but it is also seen 
growing both in the wild state and as a cultivated 
crop. This plant is extensively cultivated in such 
countries as the Philippines, Thailand, 
Madagascar, East and West Africa, and the West 
Indies.  
Furthermore, it is also seen growing in various 
subtropical regions such as California, Florida, 
Israel, and Algeria [8].  

  
Figure 2. Taxonomical arrangement of S. 
cumini [9]  

Morphology/Physiology The distinct physiology 
and appearance of Syzygium cumini, also known as 
Jamun or Java plum, support its growth, 
reproduction, and environmental adaptation 
(Figure 1, Figure 2) [9]. The primary 
characteristics of its morphology and physiology 
are as follows: The whole year is the active 
growing season. Flower colour: green; flageolet: 
green Texture of foliage: average Fruit/seed 
colour: black; development of a sole trunk Fast 
growth; sixty-foot maturity altitude; extended 
nitrogen fixation; absence of shape and orientation; 
erect toxicity; absence of developmental needs 
range: 5.07.0Density of planting:[10] 200400 per 
Acre Root depth of at least 36 inches The length of 
the reproductive bloom, the spring fruit/seed 
period, the rate at which spring summer seeds 
disperse, the low tolerance to shade, the moderate 
resilience to salinity, and the intermediate 
temperature (minimum: 49 °F) [11].  
Cultivation and collection Soil.  
A wide range of soil kinds can provision the 
growing of the jamun tree. Deep loams and well-
drained soils improve plant growth and yield 
potential.   
• Additionally, these soils retain adequate 
moisture, which promotes healthy fruiting a d ideal 
growth [12].   
Climate.  
• Jamun grows well in steamy and 
subtropical climates.  
• It may also be cultivated in the low 
Himalayan ranges at a height of 1,300 meters.   
• Jamun needs thirsty conditions when the 
fruit is setting and growing tall [13].  

  
Figure 3. Syzygium cumini tree  
Syzygium cumini is the scientific name for Java 
plum, Malabar plum, or black plum. This plant 
belongs to the Indian subcontinent and adjoining 
parts of Southeast Asia. Based on observation, the 
subject tree is quite mature as it has a rich canopy 
of green leaves, which suggests that it has adapted 
well to its surroundings. This type of tree is 
famous because of its fruit, which is a dark-
coloured drupe and tastes different from other 
fruits.  
Syzygium cumini is a useful tree not only because 
of its fruit but also due to its medicinal value.  
Propagation: Jamuns can be multiplied by either 
vegetative or seed methods. Parents can become 
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realized through seed, thanks to polyembryony, 
through the application of seeds. Although 
vegetative approaches have been fairly successful 
in most situations, proliferation is still preferable. 
However, it is not advised since seed propagation 
causes delayed bearing. There is no latency in the 
seeds. You can plant novel seeds. Seeds normally 
take ten to fifteen days to grow [14].  
Planting Because of its evergreen nature, jamun 
can be planted in spring or in monsoons. The 
reason being that owing to opposing climatic 
situations in May-June, trees implanted in 
February and March generally tend to die within a 
few days of their planting [15].  

 
Fertilizer.   
Manure is not usually practical for jamun trees. 
This is because they can survive extreme neglect, 
not because they do not need manuring or do not 
care about it. Since jamun is an evergreen plant, 
one can choose to plant it either in the spring or 
through the rainy season season. Due to the poor 
climatic environments knowledgeable in the 
months of May and June, most trees that have been 
established in February and March tend to die 
shortly after implanting. Annual manuring of about 
19 kilograms of forage manure should be done 
before the period of fruiting, while during the 
fruiting season, the quantity required is 75 
kilograms of forage manure per fruitbearing tree 
[16].   
Blossoming and bearing fruit  
• Flowers blossom in the leaf axils of 
branches.   
• In northern India, flowering begins from 
the first week of March and lasts until April. The 
fertility of pollen is high in the early days.[17].  
Yield and harvesting   
A jamun plant requires about 8 to 10 years before 
producing fruit, while those grafted require only 6 
to 7 years to produce fruit. But the economic 
production of fruits starts after 8-10 years of 
planting and ends after 50-60 years of its age. June 
and July are when fruit ripens. A seedling tree 
yields 80100 kg per year, while a grafted tree 
yields 6070 kg [18–20].   

Marketing and storage   
The fruits immediately go bad. Under typical 
storage circumstances, they can only be stored for 
three or four days. However, if fruits are first 
refrigerated and kept in an environment with a low 
temperature of 8–10 °C and a comparative 
moisture of 85–90%, the fruits may be stored in 
polythene bags up to three weeks [21].  
(b)Pharmacognostic justification:  
This is a tall evergreen tree with thick, leathery, 
brownish-grey leaves   
The leaves   
The leaves have many nerves fusing within the 
edge, are smooth, glossy, and have a rectangular 
oval to elliptical or obovate elliptical outline. They 
are also slightly leathery. They are between 6 and 
12 cm long. The tip is wider and less acuminate 
[22].  
 Flowers   
They are round or rectangular-shaped flowers that 
have a cross-sectional area of about 1 cm2 and 
branch out in clusters on the stem nodes. These are 
flowers formed through dichotomous paniculate 
cymes. The flowers are scented and have a 
greenish-white to white-pink collar [23].   
Calyx   
The calyx has four teeth, is about 4 mm long, and 
has a funnel-like form. Corolla (flowers). The 
petals adhere to one another and descend like a 
little disk.   
Stamens   
The Syzygium cumini flower is identified by its 
multiple stamens, all of which are about as long as 
the calyx.  
This contributes to the flower’s unique brush-like 
appearance, which is characteristic of the plant 
[24].   
Fruits   
The fruit has lavender to white flesh, is ovoid,1.5-
3.5cm long, glossy, tasty, and dark purple or 
almost black in colour. One enormous, two-
centimetre-long seed is current trendy the fruit. 
The fruit is mentioned as per the  
‘Fruit of Gods’ in Hindu mythology [6].  
The pharmacogenetic description   
Depending on the size of the fruit, S. cumini occurs 
in two varieties: small and gigantic. The lesser 
variant has a spherical form, flavourful meat, and a 
huge seed that is rich in acids, tannins, and 
anthocyanins. The larger variation has an oval 
shape, sour flesh, and a small seed with less acid, 
anthocyanin, and tannin. The "Ram Jamun" or 
"Raja Jamun," which yields rectangular fruit 
through tiny, shady purple seeds, is the greatest 
wellliked S. cumini variety in north India. "Paras," 
another S. cumini variety from central India, has 
no seeds. The pharmacogenetic description of 
Syzygium cumini is shown in Figure 3 [25].  

 
A  

 
B  

    
Figure 4: Numerous portions of Syzygium cumini. (A) Leaves. (B) Stem bark. (C) Ripe Jamun fruits. (D) 

Jamun seeds  
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Figure 5. Pharmacogenetic description of 
Syzygium cumini  
Nutritional content of Syzygium cumini  
Vitamins, carbohydrates, minerals, antioxidants, 
and anthocyanins are some of the essential 
elements of S. cumini. Fruit colour and flavour are 
influenced by gallic acid, tannins, and polyphenol 
concentration Figure 5 [26].   
Syzygium cumini's nutritional fruit value   
Fruits of Syzygium cumini have been regarded as 
nutritious in nature, with a single 100-gram portion 
of the fruits containing 14 grams of carbohydrates, 
0.12 to 0.28 grams of fat, 0.35 to 0.85 grams of 
Fiber, 0.15 to 0.72 grams of protein, and around 60 
kilocalories of energy. These fruits contain 
important minerals and vitamins, with 100 grams 
of fruit containing 14.5 to 26.18 milligrams of 
sodium, 50 to 75 milligrams of potassium, 12 to 30 
milligrams of magnesium, 15 to 17 milligrams of 
phosphorus, and 8.5 to 18.5 milligrams of calcium. 
Additionally, these fruits contain trace minerals 
like copper, chlorine, zinc, and iron, in addition to 
some important vitamins, including folate, 
cyanocobalamin, riboflavin, thiamine, and niacin. 
Most notably, these fruits are known for their high 
content of anthocyanins [27].   
Syzygium cumini’s nutritional seed value:   
Syzygium cumini seeds are highly nutritious and 
have high amounts of carbohydrates, which are 
approximately 41.4 g/100 g of seeds, along with 
fiber content ranging from 2.3 to 16.9 g per 100 g 
of seeds. The seeds are a good source of proteins 
with a content ranging from 6.3 to 8.5 g per 100 g 
of seeds, while their fats and ash contents range 
from 0.83 to 1.18 g/100 g and 2.04 g/100 g, 
respectively. Syzygium cumini seeds have various 
bioactive molecules, among which are polyphenols 
with 361.30 mg/100 g and tannins with 168.24 
mg/100 g of seeds. They are a source of nutrients 
like calcium and phosphorus [28]  Syzygium 
cumini nutritional leaf value:  
 In 100 g, protein content is 9.2 g, fat content is 4.5 
g, fiber content is 17 g, phosphorus content is 0.19 
mg, and calcium content is 1.3 mg. Essential oils 
in the leaves make it aromatic [29].  

  
Figure 6. Nutritional content of Syzygium 
cumini  
(c)  PHYTOCHEMICAL INVESTIGATION 
OF SYZYGIUM CUMINI  
Many physiologically active substances can be 
found in the entire S. cumini, a traditional 
medicinal plant. Among the many compounds 
included in jamun are myricetin, isoquercetin, 
glucoside, anthocyanins, ellagic acid, also 
kaempferol. Adding sugar, mineral salts, and 
vitamin C to java plums increases the health 
advantages of vitamin C, anthocyanins, and 
flavonoids [30,31]. Metabolic issues and other 
illnesses can be avoided or lessened by these 
bioactive compounds. The plant's functional 
characteristics and health-protective advantages 
have been shown by several in vitro and in vivo 
pharmacological studies. Table 1 and Figure 5 
show the main phytoconstituents present in the 
various sections of S. cumini [32, 33].  
Table 1: Phytoconstituents Extracted from 
Unlike Parts of Syzygium cumini  
Sr. 
No.  

Plant 
Parts  

Constituents  References  

1  Root  Bioactive 
substances present 
in Syzygium 
cumini are 
glycosides, 
flavonoids, and 
isorhamnetin-3-O-
rutinoside.  

[34]  

2  Bark  Several 
biologically active 
substances have 
been isolated from 
Syzygium cumini.  

They are 
myricetin, 
quercetin, β-
sitosterol, ellagic 
acid, gallic acid, 
kaempferol, 
bergenins, and 
various flavonoids 
and tannins.  

[35]  
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3  Fruit  Syzygium fruits 
contain high 
amounts of organic 
acids and sugars, 
thereby acting as a 
natural source of 
citric acid, malic 
acid, fructose, 
glucose, and 
raffinose. 
Furthermore, 
anthocyanin 
derivatives such as 
malvidin-3-
laminaribioside 
and delphinidin-3-
gentiobioside are 
present in these 
fruits.  

[36]  

4  Flower   Some other 
phytochemicals 
that are reported to 
be present in 
Syzygium cumini 
are oleanolic acid, 
ellagic acid, 
isoquercetin, 
quercetin, 
kaempferol,  

[37]  

5  Leaves   Acylated flavanol 
glycosides, 
esterase, 
triterpenoids, 
tannins, myricetin, 
and quercetin are 
some of the 
chemical 
compounds 
existing in the 
plant.  

[38]  

6  Seed  Syzygium cumini 
includes quercetin, 
glycosides, minute 
amounts of 
essential oils, 
albumin, fats, 
chlorophyll, 
mastic, jambosine, 
ellagic acid, gallic 
acid, and β-s  

[39]  

 
Figure 7:Chemical structure of Syzygium 
cumini phytoconstituents.  
(d) Pharmacological activity Antioxidant 
Activity :   
Numerous chronic disorders, among them diabetes 
mellitus, heart disease, cancer, and neurological 
conditions, are significantly exacerbated through 
oxidative stress. Oxidative pressure rises after 
there is a mismatch among the levels of reactive 
oxygen species (ROS) generated and the 
antioxidants present in the body. Among the 
different free radicals that cause cellular damage, 
hydrogen peroxide, superoxide anions, and 
hydroxyl radicals are some of the major ones. 
They react with important macromolecules like 
nucleic acids, proteins, and lipids causing cell 
damage. Based on its elevated concentration of 
polyphenolic chemicals, flavonoids, tannins, and 
anthocyanins, Syzygium cumini has been shown to 
have potent antioxidant action. Jamun's strong 
antioxidant qualities have been validated by 
several in vitro tests, such as the elimination of the 
DPPH test, the ABTS radical degradation test, the 
FRAP (standard) test, and the standard lipid 
peroxidation limits test. Research has shown that 
kernel extracts have additional antioxidant activity 
compared with extracts from leaves and bark.  
Jamun fruits contain anthocyanins like delphinidin, 
cyanidin, petunidin, also malvidin glycosides, 
which are important for neutralizing reactive 
oxygen species and shielding cells after oxidative 
assault. Additionally, phenolic acids, such as 
ellagic acid and gallic acid, aid in lipid 
peroxidation prevention and metal chelation. 
cumini extracts dramatically raise endogenous 
antioxidant enzymes like glutathione peroxidase 
(GPx), catalase (CAT), and superoxide dismutase 
(SOD), according to in vivo research utilising 
animal-based models. These results suggest that 
jamun improves the body's antioxidant defence 
systems in addition to directly scavenging free 
radicals.[40]  
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Figure 7: Antioxidant pathway  
Antidiabetic Activity   
Diabetes mellitus, which is a worldwide 
physiologic condition, is defined by persistent 
hyperglycaemia caused by aberrant insulin 
production, action, or both. Substantial study on 
medicinal plants with antidiabetic potential has 
been spurred by the rising worldwide prevalence 
of hyperglycaemia. Ayurvedic and other 
conventional medicinal systems have long utilized 
Syzygium cumini seeds as an antidiabetic drug. 
These conventional assertions have been 
confirmed by contemporary scientific investigation 
employing in vitro, in vivo, and clinical studies.   
Antidiabetic Action Mechanisms Gastrointestinal 
Enzymes Inhibition Associated with 
Carbohydratedegrading enzymes α- amylase, 
besides α-glucosidase, are inhibited by S. cumini 
extracts. Jamun lowers postprandial blood glucose 
levels by blocking those enzymes.  
Increased Secretion of Insulin Studies utilizing 
pancreatic β-cell models have shown that extracts 
from jamun seeds increase the production of 
insulin, which enhances tissue uptake of glucose.  
Enhancement of Insulin Sensitivity Jamun's 
polyphenolic chemicals improve peripheral tissue 
glucose absorption and insulin receptor sensitivity.  
Regulation of Glucose Transporters S. cumini 
enhances the expression of glucose transporter 
proteins, specifically GLUT-4. This provides the 
means for increased glucose acceptance by power 
rather than adipose tissue  
Protection of Pancreatic β-Cells The antioxidants 
keep pancreatic β-cells from damage by oxidative 
stress.  
Animal Studies The Syzygium cumini seeds' 
extracts have been shown to decrease significantly 
the fast blood sugar level of streptozotocin-induced 

diabetic rats. Moreover, there was an improvement 
in the lipid profile of blood, along with a recovery 
in the structure of pancreatic tissue.  
Clinical Studies Only a limited medical study has 
indicated that there is a marked decrease in fasting 
blood glucose and HbA1C levels in subjects with 
diabetes mellitus following the intake of Syzygium 
cumini seed powder. Nonetheless, more research in 
the form of randomized controlled trials is needed 
for its validation [41].  
Antimicrobial Activity  
 Microbial infections have consistently caused a 
burden of morbidity and mortality globally, 
necessitating a search for new antimicrobial 
agents, especially owing to the emergence of 
antibiotic resistance. Antimicrobial activity of 
Syzygium cumini extracts has been described 
against various pathogenic microorganisms. 
Various studies have highlighted the antibacterial 
activities of these extracts against Gram positive 
germs such as S. aureus, B. subtilis, and S. mutans, 
and Gram-negative bacteria like E. coli, P. 
aeruginosa, and S. typhi. Apart from that, various 
fungi like Candida albicans and various species of 
Aspergillus have also shown susceptibility to these 
plants. The attendance of phenolic mixes, 
flavonoids, besides tannic acid which are able to 
alter the membrane honesty of the cell, inhibit the 
activity of enzymes, and interfere with the 
synthesis of nucleic acids, is responsible for the 
antimicrobial activity [42].  
Anti-inflammatory Activity   
Inflammation is a defensive response that the body 
mounts in reaction to injuries and infections. While 
inflammation has a significant role in helping 
wounds heal and in protecting the body against 
diseases, prolonged and chronic inflammation can 
principal to other illnesses, among them cancer, 
heart disease, neurodegenerative diseases, and 
arthritis. Syzygium cumini extracts have exhibited 
high anti-inflammatory potential by reducing 
major inflammatory molecules like COX, LOX, 
TNF-α, and a variety of interleukins. Carrageenan- 
induced paw edema and formalin-induced 
inflammation experiments conducted on animal 
models have also shown strong dose-related anti-
inflammatory activity. Jamun possesses significant 
anti-inflammatory activities due to bioactive 
substances like flavonoids, ursolic acid, and 
oleanolic acid. These compounds inhibit the 
activation of the NF- κB pathway responsible for 
inflammation [43].  
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Figure 9: Anti-inflammatory pathway  
Anticancer Activity  
Cancer is one of the top mortality risk factors 
globally. Natural substances are essential for 
developing the pharmacological treatment of 
cancer. The extracts from Syzygium cumini have 
exhibited the potential for growth inhibition of 
various types of human cancer cell lines and 
induction of apoptosis in vitro. This movement of 
Syzygium cumini extract has been studied in 
various human cancer models, such as MCF-7 
human breast carcinoma, HeLa cervix carcinoma, 
HepG2 human liver carcinoma, and HT-29 human 
colon carcinoma.  
Mechanisms of Anticancer Activity   
Induction of apoptosis via mitochondrial pathways. 
Arrest of the cell cycle at G0/G1 and G2/M stage. 
Reserve of both angiogenesis and metastasis. 
Protection of DNA via the antioxidant defence 
system. Jamun is rich in anthocyanins and 
polyphenols, which are recognized as potent 
anticancer agents.[44]   
Hepatoprotective Activity   
The liver is involved in the detoxification and 
metabolism of the body. Hepatobiliary injury 
caused by pharmaceuticals and xenobiotics is a 
serious health issue. In various in vivo models of 
hepatotoxicity caused by carbon tetrachloride, S. 
cumini extracts provided a protective effect to the 
liver. A decline in liver enzymes, including ALT, 
AST, and ALP, suggests hepatoprotective 
effects.[45]   
Cardioprotective Activity   
Cardiovascular illnesses rank as the greatest 
common cause of mortality worldwide. Jamun 
seed extracts display the potential to lower 
cholesterol, triglycerides, and LDL while elevating 
HDL due to their cardioprotective and preventive 
properties.[46]  
 Neuroprotective Activity   
The majority of neuropathological conditions are 
primarily caused by sensory neuron death due to 
oxidative stress and inflammation, which Jamun 
extracts are shown to prevent oxidative stress in 
neurons and improve spatial learning and memory 
in a rodent model.[47]   

Anti-obesity and Hypolipidemic Activity   
S. cumini regulates the enzymes of lipid 
metabolism and lipid accumulation and 
subsequently decreases the gain of body weight 
and lipids.[48]   
Antidiarrheal and Gastroprotective Activity  
Jamun contains tannins and flavonoids, which 
have antidiarrheal and gastroprotective effects by 
diminishing intestinal.  
Table 2. Pharmacological properties of 
dissimilar bioactive compounds/extract of 
Syzygium cumini  
Bioactiv
e 
compou
nds / 
Extracts  

Pharmacolo
gical effects  

Mechani
sm of 
action  

Refere
nces  

Polyphen
ols (e.g., 
Ellagic 
acid)  

Antioxidant  Free 
radical 
scavengin
g and 
oxidative 
stress 
reduction  

[50]  

Anthocy
anins  

Anti-
inflammatory  

Suppressi
on of pro-
inflamma
tory 
molecules 
like TNF-
α, IL-6, 
and COX 
enzymes  

[51]  

Flavonoi
ds (e.g., 
quercetin
)  

Antidiabetic  Improves 
insulin 
compassi
on and 
modulate
s glucose 
metabolis
m  

[52]  

Tannins  Antimicrobia
l  

Disrupts 
bacterial 
cell walls 
and 
inhibits 
biofilm 
formation  

[53]  

Ethanolic 
leaf 
extracts  

Hepatoprotec
tive  

Lowers 
AST and 
ALT 
enzyme 
indicators 
in the 
liver and 
prevents 

[54]  
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liver 
damage  

Seed 
extracts  

Antihyperlipi
demic  

Reduces 
LDL 
cholester
ol and 
increases 
HDL 
cholester
ol 
concentra
tions  

[55]  

Essential 
oils  

Antifungal  Fungal 
cell 
membran
e 
disruption  

[56]  

Saponins  Immunomod
ulatory  

Facilitate
s immune 
response 
through 
the 
activation 
of 
macropha
ges and T 
cells  

[57]  

Methanol
ic bark 
extracts  

Anticancer  Mitigatio
n of 
tumor 
growth 
through 
apoptosis 
induction  

[58]  

Aqueous 
fruit pulp 
extracts  

Cardioprotect
ive  

Stimulate
s the 
productio
n of 
antioxida
nts and 
prevents 
lipid 
peroxidati
on  

[59]  

Table:3. Comparative Table: Major 
Phytochemicals and Therapeutic Activities of 
Syzygium cumini  
Plant 
Part  

Major 
Phytochemical/
Compound  

Major 
Pharmac
ological 
Activity  

Refer
ences  

Seed  Ellagic acid, 
jambosine, 
gallic acid  

Antidiabe
tic, 
antioxida
nt  

[60]  

Leave
s  

Quercetin, 
myricetin, 
flavonoids  

Anticance
r, anti-
inflammat
ory  

[61]  

Fruit  Anthocyanins, 
cyanidin, 
delphinidin  

Antioxida
nt, 
cardioprot
ective  

[62]  

Bark  Tannins, β-
sitosterol, 
kaempferol  

Antimicro
bial, 
hepatopro
tective  

[63]  

Flowe
r  

Oleanolic acid, 
isoquercetin  

Anti-
inflammat
ory, 
antioxida
nt  

[64]  

Root  Glycosides, 
isorhamnetin  

Antimicro
bial, 
antioxida
nt  

[65]  

Metha
nolic 
leaf 
extrac
t  

Polyphenols and 
flavonoids  

Cytotoxic 
and 
antiprolif
erative 
activity  

[66]  

Seed 
extrac
t  

Polyphenols and 
alkaloids  

Hypoglyc
aemic and 
anticancer 
activity  

[67]  

Fruit 
pulp 
extrac
t  

Anthocyanins 
and phenolic 
acids  

Cardiopro
tective 
and 
neuroprot
ective 
activity  

[68]  

Bark 
extrac
t  

Triterpenoids 
and tannins  

Anti-
inflammat
ory and 
antimicro
bial 
activity  

[69]  

IN VITRO CYTOTOXICITY STUDIES OF 
SYZYGIUM CUMINI  
(a) Introduction to Cytotoxicity and Its 
Importance   
Studying cytotoxicity is important when gauging 
the highly sought-after anticancer, 
antiproliferative, and toxicological activities of 
phytochemicals. Many researchers use cytotoxicity 
assays as an initial screening test to determine the 
extract's or the isolated constituent's ability to 
hamper the proliferation of both neoplastic and 
healthy tissue cell lines. The results of these types 
of investigations can be helpful for researchers in 
formulating and documenting the therapeutic 
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efficacy of the phototherapeutic agents and the 
associated safety concerns of the proposed 
medicinal plant for further in vivo investigations 
and scientific trials. Natural products are the 
sources of a number of anticancer drugs, such as 
paclitaxel, vincristine, and camptothecin. Thus, 
assessing the cytotoxic potential of Syzygium 
cumini would offer opportunities for identifying 
novel anticancer candidates and exploring its 
mechanism of action [70].   
Cell Lines   
Used in Cytotoxicity Studies of Syzygium cumini 
The cytotoxic activities of S. cumini extracts and 
isolated phytochemicals have been studied using a 
variety of human and animal cancer cell lines. The 
selected lines include:  
Breast Cancer Cell Lines   
• MCF-7 (oestrogen receptor-positive 
breast cancer cell line) � MDA-MB-231 (triple 
negative breast cancer cell line) [71]   
Cervical Cancer Cell Lines   
• HeLa (human cervical carcinoma cell 
line) [72]  
 Liver Cancer Cell Lines  
• HepG2 (human liver cancer cell line)  
• Huh-7 cell line [73]   
Colon Cancer Cell Lines   
• HT-29   
• HCT-116 [74]   
Lung Cancer Cell Lines  
• A549 (human lung cancer cell line) [75]   
Other Cell Lines   
• PC-3 (prostate cancer)  
• K562 (chronic myelogenous leukaemia)  
• Fibroblast cell lines (NIH/3T3, Vero) [76]  
Table 4: These cell lines provide a broad 
spectrum for evaluating the anticancer 
potential of S. cumini extracts.  
Extract/
Plant 
Part  

Cell 
Line  

Repo
rted 
IC50  
Valu
e  

Observe
d 
Mechan
ism  

Refer
ence  

Methano
lic leaf 
extract  

MCF-7 
(Breast 
cancer)  

80–
120 
µg/m
L  

Apoptos
is 
inductio
n and 
cell 
cycle 
arrest  

[77]  

Methano
lic leaf 
extract  

HeLa 
(Cervic
al 
cancer)  

90–
150 
µg/m
L  

Nuclear 
fragmen
tation 
and 
ROS 
generati
on  

[78]  

Seed 
extract  

HepG2 
(Liver 
cancer)  

70–
110 
µg/m
L  

Mitocho
ndrial 
dysfunct
ion and 
apoptosi
s  

[79]  

Seed 
extract  

HT-29 
(Colon 
cancer)  

100–
180 
µg/m
L  

Inhibitio
n of cell 
prolifera
tion  

[80]  

Fruit 
extract  

MCF-7  120–
200 
µg/m
L  

Anthocy
anin-
mediate
d 
apoptosi
s  

[81]  

Fruit 
pulp 
extract  

HCT-
116 
(Colon 
cancer)  

140–
220 
µg/m
L  

Anti-
prolifera
tive 
activity  

[82]  

Bark 
extract  

A549 
(Lung 
cancer)  

150–
250 
µg/m
L  

Membra
ne 
damage 
and 
oxidativ
e stress  

[83]  

Polyphe
nol-rich 
seed 
fraction  

PC-3 
(Prostat
e 
cancer)  

60–
100 
µg/m
L  

Caspase 
activatio
n and 
DNA 
fragmen
tation  

[84]  

Ethanoli
c leaf 
extract  

K562 
(Leuka
emia)  

100–
170 
µg/m
L  

ROS-
mediate
d 
cytotoxi
city  

[85]  

Aqueous 
seed 
extract  

NIH/3T
3 
normal 
fibrobla
st cells  

>300 
µg/m
L  

Low 
toxicity 
toward 
normal 
cells  

[86]  

(b) Methods for Extracting Cytotoxicity 
Assessment   
The capacity of S. cumini to kill cells has been 
considered using various extracts from its leaves, 
seeds, bark, and fruits. The ways we extract 
substances are very important because they help 
shape the types of plant chemicals and the 
effectiveness of the extracts we get.  
 Solvent-Based Extraction The thinners 
regularly applied contain:   
• Methanol   
• Ethanol   
• Water   
• Ethyl acetate   
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• Chloroform   
• Hexane  
The polar solvents like methanol and ethanol are 
excellent in the extraction of flavonoids and 
phenolics, which are famous for their ability to 
cause cancerous growth and their harmful impacts 
on living cells [87].  
Fractionation and Purification   
The crude extraction may be separated into various 
portions using solvent fractionation techniques. 
Such a technique is employed in order to ensure 
that the fraction obtained contains large quantities 
of certain kinds of phytochemicals. Modern 
techniques include column chromatography, 
HPLC, and preparative TLC, which are performed 
to separate biologically active substances to test 
for cell-killing ability [88].   
Cytotoxicity Tests In Vitro   
Numerous assays have been used to test for 
toxicity caused by the extracts of S. cumini on 
cells. The following factors, including cellular 
viability, proliferation, introduction of cell death, 
and cell series arrest, have been evaluated in such 
tests.  
(c) MTT Test   
The MTT assay is a widely recognized method 
based on colour change that is usually employed to 
determine the viability of cells. Its main principle 
lies in the ability of MTT (3-(4,5- dimethylthiazol-
2-yl)-2,5diphenyltetrazolium bromide) to be 
converted into formazan crystals by mitochondrial 
enzymes present in viable cells. Research 
demonstrates that S. cumini extracts obtained from 
its leaves and seeds possess cytotoxicity against 
various types of cancerous cells, which intensifies 
with increasing dosage. The IC50 values for the 
extract were start to range from 50 to 250 µg/mL 
[89].   
Trypan Blue Exclusion Assay   
The trypan blue test helps in distinguishing 
between live and dead cells. Live cells reject the 
stain, but dead cells absorb it. The extracts of S. 
cumini have been observed to reduce the viability 
of many types of cancer cells, demonstrating their 
cytotoxicity properties [90].   
SRB (Sulforhodamine B) Assay   
SRB is a test that helps determine the number of 
cells based on their protein content. Several 
research works have applied the SRB test to 
validate the effect of jamun extracts in preventing 
cancer cell proliferation [91].   
LDH Release Assay   
The LDH Release Test is used to determine the 
presence of intact cell membranes. An increase in 
the level of LDH released will indicate damage to 
the cell membrane and, consequently, the presence 
of toxicity. According to reports, the extracts of S. 
cumini cause an elevation in LDH released [92]. 
Page 21 of 55 - AI Writing Submission  

Dose-Dependent Cytotoxicity Analysis   
Several studies indicate that Syzygium cumini 
extract induces cytotoxic activity in various cancer 
cell lines depending on its concentration. High 
concentrations of S. cumini leaf, seed, fruit, and 
bark extracts considerably decrease survival rates 
and proliferation rates. That the cancer cell lines 
exhibit reduced IC50 value relative to normal 
fibroblast cells indicates that such substances are 
further poisonous to cancer cells than to healthy 
cells. S. cumini extract prepared using methanol 
and ethanol has a high toxicity rate due to the 
attendance of high concentrations of polyphenols 
and flavonoids. With an increase in extract 
concentration, Jamun extract stimulates apoptosis 
in cancer cells through the production of ROS, 
membrane mitochondrial depolarization, DNA 
degradation, and caspase activation. It can be 
concluded that the phytoconstituents obtained from 
S.  
cumini may be used as natural anticancer agents 
[93].   
(d) Cytotoxic Effects of Different Plant Parts   
Leaves Extract   
Leaf extracts from S. cumini plants exhibit strong 
cytotoxic activity due to the high presence of 
phenolics and flavonoids within these plants. The 
methanolic leaf extract from S. cumini has proven 
to be toxic to the growth of HeLa and MCF-7 cell 
lines by causing cell death. It has been found from 
research that cell structure deviations, like cell 
shrinkage, chromatin condensation, and nuclear 
fragmentation, are caused by leaf extracts, which 
are usually characteristic features of apoptosis 
[94].  
 Seed Extract   
Several researchers have extensively conducted 
experiments on seed extracts to determine whether 
they can be effective for the prevention of cancer. 
The chemicals known as polyphenols and alkaloids 
originate in seeds play a significant part in the 
reduction of cellular proliferation. Laboratory 
research shows that seed extracts inhibit the 
proliferation of HepG2 and HT-29 cells depending 
on the dose administered [95].   
Fruit Extract   
The extracts obtained from Jamun fruits that 
contain anthocyanins have been found to cause 
negative impacts on breast and colon cancers in 
laboratory settings. Anthocyanins play a 
significant part in initiating cell death as well as 
preventing angiogenesis, a process involved in 
tumour growth [96].   
Bark Extract   
The effects of the extract on the toxicity of the cell 
have been proven, but it is not researched as 
extensively as that of leaf and seed extracts due to 
their content of tannin and triterpenoid 
compounds, which affect cell growth [97].  
Mechanisms of Cytotoxic Action   
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Induction of Apoptosis   
Apoptosis is defined as the physiological 
phenomenon where the cell undergoes death in a 
well-controlled manner. It plays a very critical role 
in eliminating unwanted or unhealthy cells from 
the body. It is established that extracts of S. cumini 
initiate cell death via either intracellular or 
extracellular mechanisms. Laboratory experiments 
have demonstrated that Jamun extracts lead to cell 
death via mitochondrial and non-mitochondrial 
mechanisms. These extracts help to reduce the 
charge across the membranes of mitochondria, 
cause the release of cytochrome c, activate 
caspases 9 and 3, and result in the breaking up of 
DNA. Furthermore, the phytochemical 
components of S. cumini assist in regulating the 
protein mechanisms responsible for causing 
programmed cell death through an increase in the 
protein components responsible for triggering 
programmed cell death, such as Bax and p53, and 
a decrease in anti-apoptotic protein components 
like Bcl-2. These molecular processes result in the 
targeted destruction of cancer cells while mostly 
leaving the nearby healthy tissues unharmed. This 
shows that Jamun has the potential to be a natural 
cancer treatment.   
• Activation of caspase-3 and caspase-9   
• Mitochondrial membrane depolarization   
• DNA fragmentation   
• Upregulation of pro-apoptotic proteins 
(Bax, p53)  
• Downregulation of anti-apoptotic proteins 
(Bcl-2) [98]  
 

    
Figure 10: Apoptosis pathway  
(e) ROS Generation Pathway   
Mitochondrial Membrane Disruption The creation 
of reactive oxygen species (ROS) is an important 
process that plays a significant part in the cancer-
fighting and harmful effects of Syzygium cumini. 
Even though the plant is well-known for its ability 
to fight off harmful substances, larger amounts of 
its polyphenols and flavonoids might actually 
cause stress to cancer cells specifically. Higher 
stages of sensitive oxygen species (ROS) inside 
cells lead to problems with mitochondria, damage 

to fats, oxidation of proteins, and harm to DNA. 
This process can eventually result in cell demise, 
then slow down the development of cancer cells. 
Research has shown that plant chemicals like 
quercetin, ellagic acid, and anthocyanins found in 
S. cumini can change the balance of oxidation and 
reduction in tumor cells and trigger signalling 
pathways related to oxidative stress. The 
aforementioned mechanism serves to be one of the 
most critical ways through which extracts of 
Jamun inhibit the proliferation of cancerous cells 
[99].   
NF-κB (Nuclear Factor kappa B)   
An important protein that helps control genes is 
important for inflammation, keeping cells alive, 
cell growing, and the development of cancer. The 
continuous beginning of NF-κB has been 
associated with chronic inflammatory diseases and 
tumor development. The natural components of 
Syzygium cumini, such as the flavonoids, 
anthocyanins, ursolic acid, and oleanolic acid, 
have been found to suppress NF-κB signal 
transduction pathways. By inhibiting NF-κB 
signalling, inflammatory intermediaries, with 
TNF-α, IL-6, COX2, and iNOS, prevented from 
being produced. As a result, there is reduced 
inflammation, inhibition of tumor growth, and 
stimulation of cell death in cancerous cells. Thus, 
the inhibition of NF-κB is an important mechanism 
that contributes to anti-inflammatory effects and 
antitumor activities in S. cumini extracts [100].  
Cell Cycle Arrest   
Stopping the cell cycle is another key way that 
cancer-fighting drugs prevent cancer cells from 
growing. Jamun extracts have been found to stop 
cancer cells during the G0/G1 or G2/M phases by 
controlling cyclins and cyclin-dependent kinases 
(CDKs) [101].   
Oxidative Stress-Mediated Cytotoxicity   
Even though S. cumini is recognized for its ability 
to fight free radicals, when polyphenols are present 
in high amounts, they can actually cause oxidative 
stress in cancer cells, resulting in cell death. In 
cancer cells that have been treated, there has been 
a rise in ROS production and a drop in how well 
the mitochondria work [102].  
Anti-angiogenic and Anti-metastatic   
Effects Research done in the lab shows that Jamun 
extracts can stop the creation of novel blood 
vessels and the movement of cancer cells by 
reducing the levels of VEGF and MMPs (matrix 
metalloproteinases). This prevents tumor growth 
and metastasis [103]  
Cytotoxic Mechanism of Syzygium cumini  
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Figure 11: Cytotoxic mechanism of Syzygium 
cumini  
(f) Cytotoxicity of Isolated Phytochemicals   
Several separate compounds after S. cumini have 
been examined for their ability to kill cells.   
Anthocyanins   
Anthocyanins like delphinidin and cyanidin 
glycosides show powerful anticancer effects by 
causing cancer cells to die and stopping them from 
growing [105].   
Flavonoids   
Quercetin and kaempferol derivatives can stop the 
development of cancer cells by causing the cells to 
pause in their cycle and by triggering cell 
death.[106]   
Triterpenoids   
Ursolic acid and oleanolic acid can kill various 
cancer cells by causing apoptosis, which is a kind 
of automatic cell death, and by blocking the NF-
κB signalling pathway [107].   
Selective Cytotoxicity and Safety   
One important element of the cytotoxic study is the 
fact that much attention has been paid to cancerous 
cells only, while healthy cells were left intact. 
Several studies are confirming the relatively low 
toxicity of extracts obtained from the S. cumini. 
That proves the good level of cytotoxic selectivity 
of these extracts. However, the excessive use of 
the extract may lead to the damaging effect on 
normal cells [108].   
(g)Limitations of Current Cytotoxicity Studies   
Despite these positive findings, there are numerous 
limitations that require attention.   
• Most research is restricted to laboratory 
tests done outside of living organisms.   
• Lack of standardized extraction methods • 
Different solvents and methods can cause changes 
in IC50 values.   
• There are only a few studies that look 
closely at how things work on a molecular level.   
• Absence of clinical validation [109]   
(h)Future Perspectives Future research should 
focus on:  
• Separation and identification of new 
harmful compounds that kill cells.   
• Molecular mechanism studies using 
omics technologies   
• In vivo anticancer studies   
• Nano formulation-based delivery systems   

• Clinical trials to validate anticancer 
efficacy  
COMPUTER-BASED MOLECULAR 
DOCKING STUDIES OF SYZYGIUM 
CUMINI   
(a)Introduction to In Silico Studies   
An in-silico approach refers to computer-based 
approaches that assist in analysing and predicting 
the interactions between bioactive compounds and 
biological markers. These methods are now 
essential in today's drug discovery because they 
can quickly test many different compounds, lower 
the costs of experiments, and offer an 
understanding of how molecules work. Molecular 
docking is a popular computer-based method that 
helps predict how a ligand will attach to a target 
protein, including how they interact and how 
strongly they bind. In the past few years, scientists 
have looked closely at phytochemicals from 
Syzygium cumini using molecular docking 
methods to see how they might work as treatments 
for different illnesses like diabetes, cancer, 
inflammation, and infections caused by microbes.   
(b)Principles of Molecular Docking   
Molecular docking is a computer method that 
helps us understand how a small molecule, known 
as a ligand, attaches to a specific protein, called a 
receptor. The process involves two main 
components:   
Search Algorithm   
The searching algorithm examines how the ligand 
binds within the active pocket of the protein in 
various orientations. Typical searching algorithms 
include genetic algorithms, the Monte Carlo 
method, and systematic searches [110].   
Scoring Function   
The score function is meant to assess the strength 
of the binding of the ligand to the receptor 
molecule by estimating the binding energy. The 
less the binding energy is, the more stable and 
stronger the interaction will be; the opposite case 
applies for high binding energy. Docking studies 
provide valuable information regarding the 
interaction between the ligand and target protein 
based on hydrogen bonds, hydrophobic effects, 
Van der Waals interactions, and electrostatic 
connections [111]   
Software and Tools Used in Docking Studies   
Several software programs are usually employed in 
the analysis of the interactions between the 
phytochemicals found in S. cumini with other 
substances.   
• Auto Dock and AutoDock Vina   
• Glide (Schrödinger)   
• GOLD (Genetic Optimization for Ligand 
Docking)   
• Discovery Studio   
• PyRx virtual screening tool Visualization 
tools like PyMOL and Discovery Studio Visualizer 
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are used for studying interactions between ligands 
and proteins [112].   
(c)Target Proteins   
Used in Docking Studies Studies on the 
interactions of the phytochemicals of S. cumini 
have been done on various target treatments.   
Antidiabetic Targets   
• α-Amylase   
• α-Glucosidase   
• Dipeptidyl peptidase-4 (DPP-4)   
• Insulin receptor [113]   
Anticancer Targets   
• Epidermal growth factor receptor (EGFR)   
• Vascular endothelial growth factor 
receptor (VEGFR)   
• Topoisomerase I and II   
• p53 tumor suppressor protein [114]   
Anti-inflammatory Targets   
• Cyclooxygenase-2 (COX-2)   
• Lipoxygenase (LOX)   
• Nuclear factor kappa B (NF-Κb) [115]   
Antimicrobial Targets   
• DNA gyrase  
• β-lactamase   
• Fungal enzymes [116]   
(d)Connecting Key Plant Chemicals of 
Syzygium cumini   
Several phytochemical compounds from S. cumini 
have undergone docking studies.  
 Quercetin   
It has been shown that quercetin has an effective 
affinity for two specific enzymes, namely α- 
glucosidase and DPP-4. Quercetin forms an H-
bond with the residues in the active site, indicating 
that quercetin may be used for treating diabetes 
[117].  
Gallic Acid   
Gallic acid has a moderate binding with the 
enzyme’s alpha-amylase and COX-2. It acting a 
role in antioxidants and anti-inflammation [118].   
Ellagic Acid   
Ellagic acid shows a strong connection with 
cancer-related proteins like EGFR and 
topoisomerase, indicating that it might have 
properties that can fight cancer [119].   
Rutin   
Rutin shows a strong ability to bind with several 
targets, such as α-glucosidase and VEGFR, which 
suggests it has the potential to be used for various 
treatments [120].   
Ursolic Acid   
Ursolic acid has a strong effect on inflammatory 
enzymes like COX-2 and NF-κB, which helps to 
reduce inflammation [121].  
Table 5: Molecular Docking Studies of Major 
Phytochemicals of Syzygium cumini  
Com
poun
d  

Targe
t 
Protei

Bin
din
g 

Key 
Inter
actio

Predic
ted 
Activit

Ref
ere
nce  

n  Ene
rgy  
(kca
l/m
ol)  

n  y  

Quer
cetin  

α-
Gluco
sidase  

8.5  Hydr
ogen 
bondi
ng 
with 
activ
e site 
resid
ues  

Antidi
abetic  

[12
2]  

Quer
cetin  

DPP-4  8.1  Hydr
opho
bic 
and 
hydr
ogen 
bond 
intera
ction
s  

Glucos
e 
regulat
ion  

[12
3]  

Ellagi
c acid  

EGFR  9.2  π–π 
stack
ing 
and 
hydr
ogen 
bondi
ng  

Antica
ncer  

[12
4]  
  

Ellagi
c acid  

Topoi
somer
ase  
II  

8.8  DNA
-
bindi
ng 
pock
et 
intera
ction  

Antipr
oliferat
ive  

[12
5]  

Galli
c acid  

COX-
2  

6.7  Hydr
ogen 
bondi
ng 
with 
catal
ytic 
resid
ues  

Anti-
inflam
matory  

[12
6]  

Galli
c acid  

α-
Amyl
ase  

6.9  Elect
rostat
ic 
intera
ction  

Antidi
abetic  

[12
7]  
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Rutin  VEGF
R  

9.5  Multi
ple 
hydr
ogen 
bond
s  

Anti-
angiog
enic  

[12
8]  

Rutin  α-
Gluco
sidase  

8.9  Stron
g 
activ
e site 
stabil
izatio
n  

Antidi
abetic  

[12
9]  

Ursol
ic 
acid  

NF-
κB  

9.0  Hydr
opho
bic 
intera
ction
s  

Anti-
inflam
matory  

[13
0]  

Ursol
ic 
acid  

COX-
2  

8.4  Activ
e site 
bindi
ng  

Anti-
inflam
matory  

[13
1]  

Kaem
pferol  

LOX  7.8  Hydr
ogen 
bondi
ng  

Anti-
inflam
matory  

[13
2]  

Myri
cetin  

DNA 
gyrase  

8.0  Bindi
ng 
with 
catal
ytic 
doma
in  

Antimi
crobial  

[13
3]  

Anth
ocyan
ins  

VEGF
R  

8.6  Liga
nd–
recep
tor 
stabil
izatio
n  

Antica
ncer  

[13
4]  

Olean
olic 
acid  

p53 
protei
n  

8.3  Hydr
opho
bic 
and 
electr
ostati
c 
intera
ction  

Apopt
osis 
inducti
on  

[13
5]  

Molecular Docking Interaction of Major 
Phytoconstituents  

  
Figure 12: Molecular Docking interaction  
A diagram showing how the main compounds 
found in Syzygium cumini interact with target 
proteins that are linked to cancer and metabolic 
diseases [136].   
(e) Binding Interactions and Mechanisms   
Research on docking shows that the plant 
chemicals from S. cumini connect with target 
proteins in different ways through various 
molecular interactions.   
• Hydrogen bonding: stabilizes ligand–
protein complex   
• Hydrophobic interactions: enhance 
binding affinity   
• π–π stacking: important for aromatic 
compounds   
• Electrostatic interactions: contribute to 
specificity These interactions decide how stable 
and active the ligandprotein complex [137].   
ADMET and Drug-Likeness   
Prediction Moreover, in silico research methods 
include ADMET (Absorption, Distribution, 
Metabolism, Excretion, and Toxicity) analysis to 
examine the properties that make a chemical 
compound a potential pharmaceutical drug.   
Key Parameters:   
• Lipinski’s Rule of Five   
• Molecular weight   
• Log P (lipophilicity)   
• Hydrogen bond donors and acceptors 
Most phytochemicals from S. cumini have good 
ADMET properties, suggesting they could be 
promising candidates for drugs [138].   
Advantages of In Silico Docking Studies   
• Rapid screening of compounds   
• Cost-effective approach   
• No ethical issues  
• Provides molecular-level insights   
• Reduces experimental workload [139].  
(f)Critical Analysis and Current Limitations of 
Molecular Docking Studies   
Although molecular docking studies of Syzygium 
cumini Phytochemicals have shown a lot of 
promise for treatment, there are still some 
limitations and gaps in research that need to be 
addressed. Most of the docking studies that are 
available right now are early computer-based 
research and do not have enough experimental 
proof to support their findings. In several reports, 
the results of docking are often explained just by 
looking at the binding affinity values, without a 
thorough examination of how ligands and proteins 
interact, how stable the binding is, or how it relates 
to biological significance. Because of this, the 
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healing importance of many plant chemicals is still 
not clear. Another major weakness is that there are 
no standardized docking protocols. There is 
variation between various studies regarding the 
software used, scoring systems employed, grid 
parameters applied, and even the conformation of 
the protein structure. As a result, scoring values for 
docking become highly variable from one research 
to another, which makes comparison of findings 
difficult. Furthermore, most of the docking studies 
consider rigid ligand conformations, although in 
nature, proteins are highly flexible and versatile. 
Disregarding this fact might influence the accuracy 
of docking studies' results. Moreover, most of the 
literature does not provide detailed information 
concerning hydrogen bonds, hydrophobic 
interactions, crucial residues in the active site, and 
structural alterations during ligand-receptor 
interactions. Important information regarding 
docking parameters, such as RMSD values, 
docking validation, and reliability of binding 
poses, is also missing in the majority of literature 
reviews. Moreover, only a few plant compounds of 
S. cumini have been investigated; numerous 
potentially beneficial molecules have remained 
unknown to date [140]. An important aspect to 
consider is the discrepancy between the strength of 
the binding during docking and the actual 
biological activity when studied in the laboratory 
and animal testing. Such factors as the absorption 
of the substance, its metabolism, its toxic 
properties, permeability, and distribution affect the 
efficacy of treatment substantially, but they tend to 
be neglected by scientists who only study docking. 
Although certain research projects deal with 
ADMET predictions, there are no comprehensive 
studies concerning the pharmacokinetic effects of 
the substances under discussion. Molecular 
docking should be coupled with molecular 
dynamics (MD) simulations, QSAR, network 
pharmacology, and machine learning algorithms to 
ensure future success in the field of docking 
studies. Molecular dynamics simulations will give 
us an idea about how stable or flexible the 
interaction between the protein and ligand 
becomes when it occurs under circumstances that 
resemble physiological conditions. Similarly, the 
importance of toxicity testing through experiments 
on cellular levels, inhibitory assays on enzymes, 
and in vivo testing cannot be ignored. New studies 
can also focus on identifying novel target proteins 
associated with cancer, diabetes, inflammation, 
and ailments related to brain and nerve damage. 
Positive control experiments with existing drugs 
may increase the credibility of results from such 
scientific investigation by means of docking 
analysis. Moreover, visualization and analysis of 
complex intermolecular interactions are an 
essential step for better comprehension of the 
biological action mechanisms of compounds 

extracted from S. cumini. In general, studies using 
molecular docking give useful early information 
about the possible medical benefits of S. cumini's 
bioactive compounds. However, to successfully 
discover drugs and apply them in clinical settings, 
a combination of computer-based methods and 
practical experiments is needed [141].  
TOXICITY AND SAFETY PROFILE OF 
SYZYGIUM CUMINI   
Syzygium cumini has remained used for an 
extended time in Ayurvedic and Unani medicine, 
and it is generally recognized as a safe herb when 
taken in the right amounts. Early research shows 
that dissimilar portions of the shrub, such as the 
fruits, seeds, leaves, and bark, have a good safety 
record. Studies on severe toxicity show that at 
therapeutic doses, there is very little toxicity, and it 
does not significantly change behaviour or affect 
mortality. Long-term use seems to have no 
noticeable harmful belongings on dynamic organs 
like the liver, kidneys, and heart, based on sub-
chronic and chronic studies, and biochemical 
markers remain within normal limits. However, 
because it has strong antidiabetic effects, taking 
too much of the seed extracts can lead to low blood 
sugar levels. Taking higher doses can lead to 
moderate stomach issues, such as feeling sick and 
having diarrhoea. Safety can be affected by 
differences in the chemicals found in plant-based 
solutions due to changes in location and the 
methods used to extract them. Right now, there 
isn’t much clinical data involving humans, even 
though earlier trials in the lab showed that it is 
quite safe. Hence, there is a need for additional 
research on toxicity and establishing appropriate 
standards for dosage. Care must also be taken by 
patients on antidiabetic medications, as well as by 
pregnant or lactating women, since there might be 
a possibility of interaction with herbs [142].   
THERAPEUTIC APPLICATIONS OF 
SYZYGIUM CUMINI   
(a)Application in Diabetes Management   
Diabetes mellitus is one of the utmost widespread 
diseases in the world today. It may cause various 
complications such as kidney, nerve, and heart 
disorders. Use of Syzygium cumini in treating 
blood sugar levels is an old tradition in Ayurvedic 
medicine. Various applications, including seed 
powder, herb mixture, and aqueous extract of 
Jamun, have often been used by people for the 
management of diabetes patients. Scientific studies 
and clinical trials prove that regular consumption 
of Jamun preparations can result in effective blood 
sugar regulation and lipid metabolism. Being 
traditionally recognized and attributed to curative 
properties, S. cumini is considered to be one of the 
most valuable medicinal plants for the treatment of 
metabolic disturbances [143].   
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(b)Therapeutic Role in Cardiovascular 
Disorders   
Heart disease has remained one of the major 
causes of mortality across the globe. The major 
contributors to heart disease include oxidative 
stress, elevated levels of cholesterol in the blood, 
and inflammation within the blood vessels. Jamun 
products have remained popular for centuries due 
to their ability to improve heart health and 
maintain fatty acid levels. Research indicates that 
consumption of Jamun fruits and the extraction 
from the seed could be instrumental in regulating 
cholesterol levels in the blood. S. cumini plays an 
essential role in the protection of blood vessels, 
hence reducing the chances of experiencing 
arteriosclerosis and hypertension [144].   
(c)Potential Use in Cancer Therapy   
Natural compounds continue to play a crucial role 
in cancer research and cancer therapy. The 
Syzygium cumini tree has received attention 
because it may contribute to the reserve of tumor 
development and the anticipation of cellular 
damage. Compounds extracted from the seed, 
leaves, fruit, and bark are useful in combating 
different types of cancer cell models. The fruit is 
rich in anthocyanins and polyphenolic compounds, 
which are considered vital in cancer prevention. 
Scientific studies suggest that Jamun components 
may be useful in cancer therapy through the 
reduction of oxidative stress and the prevention of 
abnormal cell growth. Although there is little 
evidence of clinical relevance, the plant could 
prove useful in producing drugs to combat cancer 
[145].   
(c)Applications in Neurodegenerative Disorders   
The prevalence of neurodegenerative diseases, 
especially Alzheimer's and Parkinson's, is 
increasing in many countries. This is mainly 
because of aging, coupled with other lifestyle 
issues that are responsible for the emergence and 
progression of these ailments. Older approaches in 
the medical field have involved the use of plants 
that contain a lot of antioxidants and are effective 
in enhancing the health of one’s brain and its 
capacity for memory formation. It was revealed in 
experiments that extracts of Jamun fruit and leaves 
had been helpful for the protection and 
enhancement of brain performance in laboratory 
tests. Antioxidants from the plant material can 
prevent nerve cells from oxidative damage as well 
as from the effects of aging [146].   
(d)Use in Liver and Digestive Disorders   
The complications related to the liver due to the 
effects of poisons, infections, and free radicals are 
significant health concerns. The usage of herbal 
medication in folk medicine is widespread in the 
form of bark and seed extracts of S. cumini for 
enhancing liver functions and improving digestion. 
Several studies have proved its effectiveness in 
reducing liver toxicity and restoring biochemical 

values. The jamun tree has been previously used to 
treat diarrhoea, dysentery, indigestion, and 
stomach irritations. The benefits provided by the 
bark and seed extract are believed to promote 
digestion [147].   
(e)Role in Microbial and Inflammatory Diseases   
Inflammation and microbial infections are still 
prevalent today despite advances in the field of 
medicine. Extracts from jamun have been widely 
used in treating skin infections, oral problems, 
wounds, and inflammatory ailments since ancient 
times. Leaves and bark from the tree are 
commonly used as traditional medicines for 
alleviating irritation, inflammation, and infection. 
The plant is used in herbal mouth rinses as well as 
traditional methods for maintaining oral hygiene. It 
becomes evident through all of the above 
applications that the significance of S. cumini in 
treating infections and inflammatory diseases 
[148].   
(f)Nutraceutical and Functional Food 
Applications   
The fruits are highly nutritious and are often 
consumed as foods for health purposes. They 
contain several nutrients like vitamins, minerals, 
fiber, and natural antioxidants that are helpful in 
maintaining good health. Several health products, 
such as juices, powders, capsules, syrups, and 
supplements, have been produced by using jamun 
fruits and their seeds. Due to the nutritional and 
antioxidant properties associated with the fruits, 
there has been an increasing interest in functional 
food and nutraceutical studies [149].  
(g)Anti-obesity and Metabolic Syndrome   
Being overweight and having metabolic syndrome 
are worldwide health issues linked to diabetes, 
heart disease, and cancer. Extracts from Syzygium 
cumini have been established to help reduce 
obesity by managing how fats are processed in the 
body. Research has shown that extracts from 
Jamun seeds can help lower weight gain, fat 
buildup, and fat levels in the blood in animal 
studies. Polyphenols influence the enzymes that 
help break down fats and the development of fat 
cells. So, S. cumini might be seen as a possible 
natural option for managing obesity [150].   
(h)Dermatological and Wound Healing 
Applications   
Traditional medicine uses the leaves, besides the 
bark of S. cumini, to treat skin problems and 
wounds. The plant has properties that fight germs, 
reduce oxidation, and lessen inflammation, which 
help in healing wounds. Research has indicated 
that Jamun extracts help produce more collagen, 
lower the chances of infections from germs, and 
speed up the curative procedure of cuts in animal 
studies. Flavonoids and tannins support defending 
the membrane and consume belongings that fight 
aging [151].   
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(I)Oral and Dental Health   
S. cumini helps in treating disorders of the mouth 
and teeth, such as gingivitis and dental caries. 
Antimicrobial activities against microorganisms 
found in the mouth, including Streptococcus 
mutans, have been noted. The extracts of the 
leaves of Jamun are an ingredient in natural mouth 
rinses and toothpaste since it is effective in 
reducing inflammation and bacteria [152].   
(j)Traditional Medicine and 
Ethnopharmacological Applications   
S. cumini is also used for treating diabetes, 
digestive disorders, infectious ailments, 
inflammation, and metabolic disorders in 
Ayurvedic, Unani, and Siddha medicine. The 
significance of the Jamun tree in folk medicine 
clearly proves its potential for novel therapeutics 
[153].   
(k)Clinical Studies and Human Trials   
There have been several laboratory and animal 
studies that prove that Syzygium cumini could be 
useful for therapeutic purposes. Nevertheless, there 
are very few clinical studies that involve human 
subjects regarding this plant. Several initial human 
studies prove that the seed extract of Jamun and 
Jamun fruit extract are beneficial for diabetic 
patients as they are capable of reducing fasting 
blood glucose level, post-prandial blood glucose 
level, and HbA1c. According to some research, it 
was also proven that the consumption of Jamun 
fruits regularly can result in a better fat profile in 
the bloodstream and antioxidants. While such 
results are promising, most of the clinical trials 
analysed involve small sample sizes, limited 
treatment durations, and various formulations that 
are different from each other, which poses serious 
doubts regarding their credibility and wider 
applicability. In addition, insufficient research has 
been conducted to provide a comprehensive 
picture of the absorption, pharmacokinetics, and 
general safety of this drug in terms of its prolonged 
use. Little evidence is available in relation to its 
effectiveness as an anticancer agent, 
neuroprotectant, cardio- protectant, and 
hepatoprotective agent. Consequently, large-scale 
randomized control scientific trials would be 
necessary to prove its efficacy as a medicinal 
agent, its dose, safety, and any drug interactions 
and herb-drug interactions associated with it. 
Standardization of the extracts and development of 
formulations grounded on scientific data will be 
vital for the successful integration of the extracts 
into current medical practice [154].   
(l)Limitations and Challenges in Therapeutic   
Despite the abundance of research related to 
Syzygium cumini, there are still certain deficiencies 
in the scientific literature on this topic. The current 
body of research on S. cumini consists 
predominantly of initial trials performed in vitro or 
on animals. There are not enough high-quality 

clinical studies performed on human subjects. 
Inconsistency is possible due to the difference in 
the extraction process, the solvents used, the 
geographical location of plants studied, and their 
chemical composition. This, in turn, leads to 
difficulties with comparing the results of different 
studies. Additionally, most studies focus on 
antioxidant and antidiabetic properties of S. 
cumini; however, the mechanisms by which they 
protect from cancer, neurotoxicity, and 
cardiovascular diseases are currently unknown. 
There has been very little data available on the 
process of metabolism, absorption, and the safety 
concerns of isolated phytochemicals from S. 
cumini with regard to the risks associated with 
chronic administration of these plants. Also, there 
have been very few reports available regarding the 
integration of phytochemical analysis, cellular 
toxicity assays, and molecular docking into one 
comprehensive approach. Hence, the need for 
further multi-disciplinary research integrating 
these approaches is necessary. Such studies will 
require the application of standardized herbal 
extract preparations, cutting-edge molecular 
techniques, omics technology, and clinical trials to 
verify the curative potential of S. cumini [155].  
FUTURE PROSPECTIVES   
Although there have been many studies conducted 
about S. cumini, there remain several issues that 
need to be addressed before this plant’s full 
potential is understood in relation to treatment. The 
following topics deserve particular focus in future 
studies:   
(a)Standardization of Extracts and Quality 
Control   
There is a need to come up with standard 
extraction procedures for consistent results.   
(b)Isolation and Characterization of Bioactive 
Compounds   
There is a need to employ novel approaches to the 
extraction and identification of medicinal 
substances by means of chromatography and 
spectroscopy.   
(c)Pharmacokinetic and Bioavailability Studies   
It remains unclear how phytochemicals of S. 
cumini get absorbed by the organism, distributed in 
different body organs, metabolized and eliminated.   
(d)Toxicological and Safety Evaluation   
Studies need to be completed on the short-term, 
mid-term, and long-term toxicity in order to 
establish safe dose levels for human beings.   
(e)Clinical Trials   
The completion of well-coordinated randomized 
controlled trials is essential to prove the efficacy of 
S. cumini in treating diabetes, cancer, 
cardiovascular diseases, and neurological 
disorders.   
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(f)Drug Development and Formulation   
Nanotechnology-based drug delivery methods can 
be considered and combined with existing drug 
treatment to increase the efficacy of treatment.   
(g)Nutraceutical and Functional Food 
Applications   
Production of healthy food products and 
supplements out of Jamun would provide 
affordable benefits to consumers.   
(h)Biotechnological and Genomic Approaches   
Omics-focused studies, such as genomics, 
proteomics, and metabolomics, may aid in 
comprehending the functioning of molecules and 
discovering possible indicators for medical 
purposes.  
 (I)Clinical Future Scope   
Though some positive impacts have been 
demonstrated by Syzygium cumini in scientific 
literature, the application of S. cumini within 
clinical medicine is limited due to the 
unavailability of human trials and the absence of 
standardized medicines. The future clinical studies 
of this herb should focus on conducting largescale 
randomized controlled trials, which will evaluate 
the efficiency, effectiveness, dosage of S. cumini, 
and its long-term impact on the treatment of 
diabetes mellitus, cancers, cardiovascular diseases, 
and neurological disorders. It is essential to 
develop standardized formulations supplemented 
with specific bioactive compounds to ensure 
reliable clinical results. In addition, application of 
modern drug delivery systems such as micellar 
formulation and phytosomes will significantly 
enhance the absorption rate and therapeutic effect 
of phytochemicals. The use of S. cumini extract in 
conjunction with other traditional drugs may be 
considered for increasing efficacy and reducing 
adverse effects. Additionally, studies involving the 
examination of the chemical constituents of the 
plant, its molecular interactions, its 
pharmacokinetics, as well as human clinical trials, 
will allow for the creation of scientifically-backed 
herb-based medicines and supplements using S. 
cumini.   
CONCLUSION   
Syzygium cumini is an important medicinal herb, 
which has many healing properties as well as drug-
making capabilities due to the presence of various 
beneficial phytochemicals within its structure. 
Some of them are flavonoids, phenolic acids, 
anthocyanins, tannins, alkaloids, and terpenoids. 
Different parts of this medicinal plant, including its 
fruits, seeds, leaves, and bark, have been 
researched for their numerous health-improving 
properties and application in traditional medicine. 
There are many therapeutic characteristics of 
Syzygium cumini. The medicinal herb has anti-
oxidant, antidiabetic, antimicrobial, anti-
inflammatory, hepatoprotective, cardioprotective, 
neuroprotective, and anticancer properties. Various 

chemical studies on plants have identified some 
useful phytochemicals such as quercetin, gallic 
acid, ellagic acid, rutin, and anthocyanins. These 
phytochemicals help deliver the therapeutic 
properties of the plant. Studies conducted in a cell 
toxicity laboratory have demonstrated promising 
results on cancer cells. This is achieved through 
mechanisms such as programmed cell death, 
altering the oxidative stress state, inhibition of cell 
proliferation, and cell cycle arrest. In addition, 
computer-based molecular docking studies have 
revealed comprehensive information on the 
binding interactions between the phytochemicals 
of S. cumini and protein targets involved in 
diabetes, cancer, inflammation, and microbial 
infections. These computational approaches may 
suggest that phytochemicals in Jamun may play a 
significant part in drug detection and development 
in the future. While there may have been 
encouraging findings from various research 
conducted previously, much of it relies on 
laboratory, animal, and computer-based 
investigations. There are not sufficient carefully 
designed human clinical trials done regarding the 
use of alternative treatments for various 
conditions. The disparities in extraction processes, 
chemical structure of the herbal components, and 
lack of standardized treatment are still major 
factors hindering the clinical application of these 
therapeutic modalities. Further research must be 
done regarding the study of standardization, 
pharmacokinetics, testing for toxicity, mechanism 
of action, and extensive clinical trials. Overall, the 
combination of pharmacological investigations of 
phytochemicals, toxicity testing, and molecular 
docking techniques proves that Syzygium cumini is 
a promising therapeutic agent. With continued 
scientific research and pharmaceutical 
development efforts, Syzygium cumini can become 
a valuable natural resource in developing 
medicinal products and drugs for the treatment of 
various chronic illnesses.  
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