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Abstract 

BACKGROUND: Nature has been a soul source of therapeutic pharmaceutics for a long time and a notable number 
of advanced pharmaceutics have been invented from this source. Numerous drug leads were identified with the 
contribution of combinatorial and other allied field experts in the traditional medicine field. The World Health 
Organization (WHO) characterizes complementary medication as the “wide range of heath practice approaches for 
prevention, diagnosis and treatment”. However, there is an urgent necessity to validate the obtained information by 
employing various advanced techniques and tools before it has applied for drug discovery or as effective 
therapeutics in the clinic along with existing therapies.  

AIM: Hence, vigorous investigations on herbal plants are required to assess their pharmacological properties and 
efficacy. India is one of the richest emporia of herbal plants and termed as ‘Botanical Garden’ of the world because 
of its long history in the traditional knowledge on herbal plants and significant contribution and application in the 
modern medical practice. Ethno pharmacological evidence measured as an effective tool in the novel discovery of 
novel drug leads from herbal plants and is a pre-requisite for the practice of plant derived active secondary 
metabolites. The members of the Acanthaceae family have therapeutic importance owing to the existence of many 
active secondary bioactive principles or novel phytoconstituents.  

MATERIALS AND METHODS: The present study embarked into Andrographis alata (AA), one of the less explored 
but well prescribed traditional plants and validated its medicinal properties using various techniques.  

RESULTS: Since, other species of Andrographis, possessed ample alkaloids and diterpenoids which exhibited 
varied therapeutic properties which include pharmacological and antimicrobial activities, this AA less investigated 
multiple aspects including its phyto-screening.  

CONCLUSION: The phytochemicals obtained from AA with its multifaceted activities may serve the ideal 
therapeutic as well as an analogue for many combinatorial drugs. This study also justified the traditional values in 
the complementary system and therapeutic values. However, further investigations on its various bioactive 
principles and their mechanism of action are highly warranted. 

Introduction 

Medicinal plants are recognized for their 
curative potential for millennia and are highly admired 
globally as a reservoir of therapeutic pharmaceuticals 
for the management of human illnesses [1], [2], [3], [4]. 
Herbal medicine is defined as medicinal herb-based 
preparations are in place to cure diseases [4], [5], [6]. 

In recent years, herbal therapy coined as a 
more precise synonym of complementary medicine [7], 
[8]. Despite the advantage of synthetic medicines and 
antibiotics, the importance and demand for herbal 
derivatives were reduced in the developed nations, 

however, recent years witness there is a changing in 
paradigm shift from synthetic to herbal medicine and 
termed now as “Return back to Nature’s gift as drugs 
[9], [10], [11].  

In recent years, the importance of medicinal 
herbs place in traditional medical practice are gaining 
increasing attention [4], [5], [6], [9]. The resurgence of 
interest in herbal plants is growing phenomenally 
worldwide more specifically in the developing countries 
as they have accepted traditional medicine as an 
integral part of their culture [12]. This recent 
renaissance of attention in plant-based remedies 
spurred on by several factors [13], [14], [15]. Drug 
discovery from medicinal plants typically involves with 
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multiple expertise by employing screening assays 16 in 
which phytochemists separate extracts from the plant 
materials, which are subjected to various stringent 
biological and pharmacological screening using an 
appropriate advanced assays followed by isolation of 
active drug leads through bioassay-guided 
fractionation [17], [18]. 

The tremendous growth of therapeutic drug 
industry has an incredible influence on the 
management of various human diseases and 
prevention [19]. Although, complimentary medicine had 
great impact on infectious diseases control, yet still 
some concerning factors exists like many microbial 
organisms exhibit more resistance to antibiotic 
treatments [20] and the serious side effects brought by 
many combinatorial synthetic drugs. The aforesaid 
reasons gained renewed attention towards herbal 
plants as a source of novel pharmaceuticals [21] 
Hence, an urgent necessity to authenticate the herbal 
plants wealth of data through an organized set-up to 
apply an effective pharmaceutics along with the current 
treatments or use as an instrument for drug discovery.  

Andrographis belonging to Acanthaceae family 
and considered as one of the vital medicinal herbs. 
There are roughly 4000 species and 250 genera in the 
Acanthaceae family is referred to as the "king of 
bitters”. The Andrographis family is comprised of [29] 
different species, which include A. alata, A. paniculata, 
A. longipedunculata, A. elongata, A. gracilis, A. affinis, 
and A. macrobotrys [9], [22]. There are many known 
medicinal attributions proposed for this family plants 
[23], [24] as they contain many bioactive principles 
such as saponins, flavonoids, quinones, phenols, 
terpenoids, tannins, and heart glycosides [25].  

AA (Vahl) Nees is an herbaceous therapeutic 
plant species, distributed in various regions of South 
India [26]. This plant species is known to contain a 
diverse range of flavonoid glycosides, which include 
5,7,2’,6’-oxygenated flavone glycosides and 5,2’,6’-
trihydroxy-7-methylflavone-2’-O-ß-D-glucopyronoside 
[27], [28], [29], [30]. Previous report revealed that AA 
contains approximately 33.21 mg/g DW of 
neoandrographolide, which has been proven to 
possess various potent effects against oxidants, 
inflammation, malaria, and involved in liver protection 
[31], [32], [33]. One of the reasons for AA’s less 
exploration on its medicinal properties maybe due to 
the decline its presence in natural populations can be 
attributed to the destruction of its habitat and excessive 
exploitation [34], [35], [36]. 

Andrographis species have various roles in 
traditional medicine [11], [34]. They are commonly used 
for snake bites, skin illnesses, and also for the 
treatment of jaundice, diabetes and employed as 
veterinary medicine [37], [38] and utilized as a laxative 
[39], an antibiotic [40], and a hepatoprotective [41]. The 
leaves of these species contain huge amounts of 
andrographolide, an alkaloid known to alleviate pain 
from colic, loss of appetite, and vomiting [42] and 

enhance immunity to  treat various viral diseases [43]. 
Besides, AA offers numerous benefits against 
angiogenesis, cancer, inflammation, oxidants and 
exhibit immunostimulant, hepatoprotective, and 
insecticidal effects [44], [45], [46].  

Excessive surge of radical oxidants, which 
comprise both reactive oxygen species (ROS) and 
reactive nitrogen species (RNS) result into oxidative 
burst or stress [47]. This stress causes changes in 
biomolecules, resulting in structural and functional 
modifications within the body. It is a pricipal factor in the 
development of numerous illnesses like liver disease 
[48], asthma [49], tumor [50] long ailing chronic 
inflammatory conditions like multiple sclerosis (MS) 
[51], [52] neural syndromes [53] rheumatoid arthritis 
(RA) [51], [52] cardiovascular disease (CVD) [53] aging 
[54] etc. 

On the other hand, he plant kingdom serves as 
a reservoir of natural antioxidants that are essential in 
the food chain by combating free radicals and 
preventing the formation of singlet-oxygen [55]. Natural 
products containing antioxidants are utilized to support 
the endogenous system, with a growing interest in their 
oxidant quenching and nutraceutical roles [56]. In 
today's context, industry made combinatorial artificially 
synthesized antioxidants like Butylated Hydroxytoluene 
(BHT) and Butylated Hydroxyanisole (BHA) are pivotal 
in food processing industry, effectively mimicking the 
role of natural antioxidants [57], [58], [59]. 

Furthermore, therapeutic herbs are also a 
resource for several anti-microbial agents36, 60 as 
they dis-play bacteriostatic and fungicidal properties 
[61], [62] A diverse range of plant families like 
Asteraceae, Eu-phorbiaceae, Apocynaceae, 
Fabaceae, Leguminoceae and Rutaceae have yielded 
numerous products exhibiting antibacterial properties 
[63]. Despite the vast available data obtained from 
these plants on anti-microbial properties [64] till date no 
breakthrough occurred, or key antimicrobial drug lead 
have evolved from higher plants. However, wealthy of 
current and past results indicate that medicinal plant 
derived drug leads, even if they are not fully developed 
as mainstream antimicrobial drugs, they deserve to be 
incorporated into primary health care systems as an 
alternatives [65] because  higher plants are not fully 
explored and their ethno-pharmacological information 
are not properly utilized to develop new drug leads [66], 
[67] but the data on herbal plants have proven of their 
substantial importance leading to the discovery of a 
new drug leads howev-er, they are yet to be explored 
in detail. In view of the above, it is imperative to 
investigate one of the very im-portant members of 
Acanthaceae family, AA, a potent herbal plant, which is 
either less investigated or unex-plored so far, hence, 
we need to evaluate its rightful potential biological 
activities and its multifaceted efficacy including 
pharmacological and anti-microbial activities. 
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Plant description 
Systematic taxonomy description of 

Andrographis alata (Vahl) Nees Plant (Bentham and 
Hooker’s system of classification, 1862-1883) [68]. 
 Kingdom :    Plantae 
 Subkingdom:    Tracheophytes 
 Order:     Lamiales 
 Family:     Acanthaceae 
 Genus:    Andrographis 
 Species:    alata 
 Plant Name:    Andrographis alata (Vahl) Nees 
 Synonyms:    Ionoxalis attenuate Small. 
 Vernacular Name:  In Tamil: Perianangai 

 

Medicinal attribution of Acanthaceae 
The medicinal properties of Acanthaceae 

herbs are attributed to their richness in secondary 
bioactive principles such as flavonoids, quinones, 
cardiac glycosides, saponins, alkaloids, phenols, 
terpenoids and proteins. These compounds are 
employed as therapeutics to cure various diseases 
which include inflammation, kidney disorders, pyrexia, 
diabetes, heart ailments, and different types of cancers 
[5], [69], [70]. In addition, some species within the 
Acanthaceae family exhibit antibacterial properties, 
such as Berleria priorities, Adathoda zeylanica 
Neelagirianthasis hemitomie, Adathoda beddomie, 
Justeceae gendurusa, and Hemigraphis colorata 
shown effective actions against Pseudomonas species 
[71], [72]. Andrographis paniculata has shown promise 
as a potential treatment for severe acute respiratory 
syndrome (SARS-CoV-2; Covid-19).33, 73 Moreover, 
tra-ditional uses of plants from this species like 
Andrographis paniculata, Barleria prionitis, Hygrophila 
spinosa, and Adathoda vasica have demonstrated their 
action against pyretic, asthma, viral, and respiratory 
diseases [12].  

 

Habitat of Andrographis alata 
Andrographis alata found mostly in the tropical 

Asian nations like India and Srilanka [43]. In India, the 
plant widely distributed in South states like Tamil Nadu 
in Salem District, in Kerala Palakkad District, in 
Karnataka state Hassan and Kodagu (Coorg) and 
Mysuru District and in Andhra Pradesh Chittoor and 
Vishakapatnam Districts. The plant species AA 
subjected in this study identified and authenticated by 
the Botanical Survey of India, Southern Regional 
Centre, Coimbatore, 641003. 

 

Materials and Methods 
Plant material extraction 

Fresh leaves of AA thoroughly washed in the 
running water to eliminate dust and other 
contaminations followed by dried at RT for a week. 
Then the samples pulverized into fine powder and 

stored for further experiments. The fine powder of leaf 
and stem materials from AA placed individually in a tiny 
container, which is subjected to isolation of extracts 
using various solvents like Ethyl Acetate, Ethanol and 
Petroleum ether in or-der of increasing polarity using a 
Soxhlet apparatus [17], [74], [75].  

 

Secondary bioactive principles  

Phytochemicals refer to bioactive principles 
found in several plant parts like grains, vegetables, 
fruits and other plant-based foods that are associated 
with reducing or inhibiting risk of major chronic 
diseases. These bioactive metabolites are categorized 
into phenolic, alkaloids, carotenoids, nitrogen-based 
and organo-sulfur compounds [76], [77]. Among these, 
phenolics and carotenoids are the most extensively 
studied [78]. Phenolic compounds contain more than 
one aromatic-ring with additional hydroxyl groups, and 
are typically classified into coumarins, tannins, 
flavonoids, stilbenes and phenolic acids [76], [77]. 
These bioactive metabolites produced as part of the 
secondary metabolism in plants and play a crucial role 
in reproductive process, defense mechanisms against 
various microbes, predators and parasites and have a 
role in plant pigmentation. In addition, phenolic 
compounds may also offer health benefits by reducing 
the risk of chronic diseases [79].  

Besides, flavonoids, a subgroup of phenolic 
compounds, exhibit antioxidant properties. There are 
over 4,000 distinct flavonoids identified to date. These 
compounds typically share a basic structure comprising 
2 aromatic rings (A and B rings) connected by three 
carbons forming heterocycle ring, or oxygenated C 
ring. Variations in the structure of heterocycle C ring 
differentiate them into flavanols (kaempferol, quercetin, 
and myricetin), flavones (like luteolin and apigenin), 
flavanols (including catechin, epicatechin, 
epigallocatechin gallate, and epigallocatechin gallate), 
flavanones (such as naringenin), anthocyanidins, and 
iso-flavonoids (like genistein) which are commonly 
found in the human diet [80]. In fact, A. paniculata, a 
promi-nent member of androgrphis produces 
substantial amounts of phytocompounds like 
diterpenoids, flavonoids, quinic acids, xanthones, and 
noriridoids [43]. The key diterpenoids found in this 
plant, including andro-grapholide, 
deoxyandrographolide, neoandrographolide, 14-
deoxy-11, 12-didehydroandrographolide, and iso-
andrographolide, all of them reveal different beneficial 
effects like liver and neuroprotective, immunostimu-
lant. Additionally, these compounds exert against 
angiogenesis, atherosclerosis, tumor, diabetes, in-
flammation, free radical oxidants and exhibit 
insecticidal properties [44], [45], [81]. 

 

Detection of bioactive principles of A. alata 

The bioactive components of AA identified 
through the utilization of various standard methods82 
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to analyze the leaf and stem powder (Table 1). The 
major phytochemicals detected included 
carbohydrates, amino acids, proteins, alkaloids, 
flavonoids, phenolic compounds, tannins, glycosides, 
saponins, steroids, terpenoids, and cardiac glycosides 
[74], [82], [83], [84], [85], [86]. 
Table 1: Detection of major phytochemicals of A. alata leaf and 
stem extracts by employing various methods 

 

In vitro antioxidant assays 

The DPPH radical quenching property 
assessed to determine the antioxidant activity of 
selected sample extracts by measuring their capability 
to contribute hydrogen or scavenge radicals using the 
stable radical DPPH, according to the method 
described by [88], [89]. Besides, superoxide radical 
scavenging activity meas-ured by evaluating the ability 
of various extracts which prevent formazan formation 
by scavenging the super-oxide radicals generated in 
the riboflavin–light–NBT system, as described by [90]. 
The scavenging activity of superoxide calculated by 
this formula (below):  
Scavenging ability (%) = [(Control OD – Sample OD)/Control OD] X 

100 

The antioxidant activity of the AA samples was 
determined using the phosphomolybdenum assay, 
which involves the formation of phosphomolybdenum 
green complex [91]. This study used ascorbic acid as a 
reference standard. The results expressed as 
milligrams of ascorbic acid equivalents (AAE)/g extract. 

The anti-bacterial potential of AA leaf and stem 
extracts investigated against various pathogenic bacte-
rial strains donated by Bharathiar University, 
Coimbatore, Tamil Nadu, India. The following bacterial 
strains employed for this such as Acinetobacter 
baumannii, Bacillus cereus, Bacillus subtilis, 
Staphylococcus epidermis, Staphylococcus pyogenes, 
Enterobacter cloacae, Escherichia coli, Klepsiella 

pneumonia, Pseudomonas aeruginosa, and 
Staphylococcus aureus. The effect of various leaf and 
stem extracts on these bacterial strains evaluated 
using the Agar well disc diffusion method, as outlined 
by [92], [93]. For anti-fungal activity, the well diffusion 
test followed [94]. 

 

Statistical Analysis 

Statistics analysis of data are presented as the 
results of 4 independent experiments. All statistical 
analysis performed using SPSS (IBM SPSS Statistics 
25). One-way ANOVA analysis and student’s t-test 
used to assess the study data. The results presented 
as means ± SD to illustrate differences across the 
experiments. Sta-tistical significance was determined 
at P < 0.05. 

 

Results 
 

The extract yield percentage of AA leaves and 
stems presented in Table 2. In fact, the maximum yield 
observed in stems with ethanol extract (15.08%) 
compared to leaf extract (14.2%). The second highest 
yield is shown by ethyl acetate extract in the stem 
(8.4%).  

However, the yield percentage of petroleum 
ether and aqueous extract was low when compared to 
other solvents. Our results propose that the high polar 
solvents dissolve more constituents found in leaf and 
stem parts of AA. 
Table 2: Extracts yield percentage of A. alata leaf and stem 

 

The qualitative detection/estimation of 
phytochemicals was carried out in various extracts of 
leaf and stem of AA to identify the presence of principal 
and secondary bioactive principles (Table 3).  

The results revealed that the presence of 
primary metabolites like carbohydrates, proteins and 
amino acids in all the extracts of leaves and stems. The 
secondary bioactive principles like alkaloids, 
flavonoids, phenol, saponins and cardiacglycosides 
are variously distributed in the selected leaf and stem 
extracts.  

However, tannin, terpenoids and glycosides 
were found to be absent in petroleum ether (PE) and 
ethyl acetate (EA) extract of both the leaf and stem 
samples. In addition, steroids were found to be absent 
from all the extracts. 
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Table 3: Qualitative phytochemical analysis of A. alata leaf and 
stem extracts. (+): Presence of chemical compound, (-): 
Absence of chemical compound (+) < (++) < (+++): Based on the 
intensity of characteristic colour 

 

The total amount of phenols found in different 
extracts of AA leaf and stem estimated and presented 
in Figure 1A. The total phenolic found high quantity in 
ethanol extract of stem (167.54 mg GAE/ g extract) 
than the leaf extract (150.87 mg GAE/g extract) 
followed by ethyl acetate extract of stem showed high 
(133.2 mg GAE/g extract) than the leaf (128.5mg 
GAE/g extract). Hence, stem extracts have a better 
quantity of phenolic contents than leaf.  

 
A) 

 
B) 

 
Figure 1 (A&B). Total phenolic and tannin content of A. alata leaf and 
stem extracts. mg/GAE/g – Gallic Acid Equivalents. Values are mean 
of triplicate determination (n=5) ± standard deviation, statistically 
significant at p<0.05 where a>b>c>d 

Similarly, tannins contents also found higher in 
the ethanol extract of stem (154.15 mg GAE/g extract) 
than the ethanol extract of leaf (125.66 mg GAE/g 
extract). Also, stems have shown the maxi-mum 
amount of tannin presence revealed by ethyl acetate 
extract (128.49mg GAE/g extract) and the least amount 
observed in petroleum ether extracts of leaf (8.65 mg 
GAE/ g extract) (Figure 1B).  

The presence of flavonoid contents in the leaf 
and stem of AA measured and presented in Figure 2. 
When comparing all the solvent extracts, the ethanol 
derived extracts of stem and leaf found appreciable 
quantity of flavonoids (88.14 mg RE/g extract and 
80.97 mg RE/g extract respectively). In addition, the 
flavonoid content of the stem was higher than the leaf 
contents in most of the extracts. The minimum quantity 
observed in petroleum ether extract of stem (5.7 mg 
RE/g extract) and in aqueous extract of leaf (13.45 mg 
RE/g extract). 

 
Figure 2: Flavonoid content of A. alata leaf and stem extracts. 
mg/GAE/g – Gallic Acid Equivalents. Values are mean of triplicate 
determination (n=5) ± standard deviation, statistically significant at 
p<0.05 where a>b>c>d 

The TEAC (Trolox equivalents antioxidant 
capability) evaluated using an advanced ABTS+ radical 
decolonization assay, one of the most utilized methods 
for antioxidant capacity, which measures the ability of 
a compound to scavenge ABTS cation radicals. The 
results expressed as µg Trolox equivalents/g of extract. 
The results of ABTS cation radical scavenging activities 
of leaf and stem extracts of AA are shown in Table 3.  

 
Figure 3: DPPH radical scavenging activity of A. alata leaf and stem 
extracts. mg/GAE/g – Gallic Acid Equivalents. Values are mean of 
tripli-cate determination (n=5) ± standard deviation, statistically 
significant at p<0.05 where a>b>c>d 
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The results have shown that the ethanol 
extracts of leaf and stem exhibited higher radical 
scavenging activities 43611.11 and 61284.72 µg TE/g 
extract respectively compared to other solvent extracts, 
whereas standard control rutin, which is natural 
antioxidant and synthetic antioxidant BHT have shown 
68645.8 µg TE/g sample and 69236.1 µg TE/g extract 
respectively. 

The DPPH radical scavenging activities of AA 
leaf and stem extracts shown in Figure 3. In this 
method, commercially available synthetic BHT and 
natural antioxidant rutin are used as standard controls. 
The concentration of the sample necessary to 
decrease initial concentration of DPPH by 50% (IC50) 
under the experimental condition was determined prior 
to the assays. All the solvent extracts subjected for 
analysis, in which, the ethanol extract of stem (14.15 
µg/ml) and leaf (21.37 µg/ml) and ethyl acetate extract 
of stem (21.54 µg/ml) shown stronger IC50values for 
DPPH radical scavenging activities, when comparing 
other solvent extracts. However, the IC50value of 
aqueous extract of leaf (41.06 µg/ml) have shown less 
free radical scavenging activity. The IC50 value of 
standards (rutin and BHT) was 7.93 and 6.35 µg/ml 
respectively. 

In addition to the above methods, the present 
study adopted riboflavin- NBT- light system assay. In 
this method, AA plant extracts have shown efficient 
scavenging activity against superoxide radicals. The 
quenching activity of ethanol extract of stem was 
40.51% when compared to aqueous extracts of leaf 
and stem, which is 32.73% and 32.1% respectively. It 
seems ethanol and aqueous extracts have shown 
moderate free radical scavenging activity when 
compared to standard controls like synthetic and 
natural antioxidants (BHT and ru-tin) and shown 
superior radical inhibition. The percentages of inhibition 
of all the extracts presented in Figure 4. These 
outcomes suggest that the extracts of plant AA 
exhibited good scavenging properties against 
superoxide radicals. 

 
Figure 4: Superoxide radical scavenging activity of A. alata leaf and 
stem extracts 

The principle of phosphomolybdenum method 
is based on the reduction of Mo (VI) to Mo (V) by the 
antioxidant compound and the formation of green 
phosphate/Mo (V) complex, which measured at its 

maximal absorption at 695 nm. The present study 
adopted this method to measure the total antioxidant 
ability of different solvent extracts of AA leaf and stem, 
which are shown in Figure 5. The ethanol extract of 
stem (255.66 mg AAE/g extract) have exhibited better 
antioxidant ability when compared to leaf (198.21 mg 
AAE/g extract), whereas lower antioxidant capacities 
were evident in petroleum ether extracts of both leaf 
and stem as they possessed only 58.59 and 67.4 mg 
AAE/g extracts respectively. 

 
Figure 5: Phosphomolybdenum reduction assay of A. alata leaf and 
stem extracts. mg/AAE/g – Acetic Acid Equivalents. Values are mean 
of trip-licate determination (n=5) ± standard deviation, statistically 
significant at p<0.05 where a>b>c>d 

The antimicrobial activity of AA tested against 
both bacterial and fungal strains. Among the bacterial 
strains used, Bacillus subtilis found to be inhibited more 
than the rest of the positive and negative strains. The 
positive bacterial strains showed the highest inhibition, 
and these results when compared to positive control, 
ampicillin. The ethanol extract of AA stem has shown 
more inhibition against Aspergillus fumigates than the 
other tested fungal strains. The leaf extract of AA also 
showed similar results and indicated that results were 
comparable with the standard, terbinafine. 
Table 4: ABTS radical cation scavenging activity of A. alata leaf 
and stem extracts. TE – Trolox Equivalents, Values are mean of 
triplicate determination (n=3) ± standard deviation, statistically 
significant at p<0.05 where a>b>c>d in each column 

 

Antibacterial activity of AA leaf and stem 
extracts derived using various solvents like petroleum 
ether, ethyl acetate, ethanol and aqueous extract 
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tested against ten human bacterial pathogens, which 
were both gram positive and gram negative.  
Table 5: Antibacterial Activity of A. alata leaf and stem extracts. 
Values are mean of triplicate determination (n=3) ± standard 
deviation 

 

The antibacterial results of different extracts 
presented in Table 5 and Figure 6 (a-d). In general, the 
ethanol extract of the stem sample showed a significant 
zone of inhibition against Staphylococcus aureus 
(17.08 mm), Bacillus cereus (12.71 mm), Bacillus 
subtilis (20.03 mm), Staphylococcus epidermis (19.74 
mm), Streptococcus Pyogenes (14.08 mm), 
Enterobacter cloacae (18.71 mm), Escherichia coli 
(17.40 mm), Klebsiella pneumoniae (16.71 mm), 
Pseudomonas aeruginosa (17.81 mm) and 
Acinetobacter baumannii (19.43 mm) at a 
concentration of 20 mg/ml. The zone of inhibition was 
better observed with the ethanol extract of AA stem; 
however, the inhibition declined for ethyl acetate, 
aqueous and chloroform solvent extracts. These 
results indicate that the stem extracts have shown 
better and promising antibacterial activity. 
Table 6: Antifungal activity of A. alata leaf and stem extracts 

 

The present study further explores the 
antifungal activities using various extracts of AA. The 
antifungal results have revealed the inhibition 
increased linearly with the increase in concentration of 
the extracts (μg/ml) when compared to standard 
controls. Aspergillus fumigatus showed better 
performance than Candida albicans. The growth 
inhibition zone measured ranged from 21 mm for all the 
fungal strains used (Table 6 and Figure 6e). 

Discussion 
 

New drug leads sustainable development or 
nature derived pharmaceutical entities exploration is 
always a constant and progressive systemic approach 
to explore their therapeutic characteristics [95].  With 
the advent of many cutting-edge techniques and tools 
aid to reveal the structural and functional nature of 
many natural products which include herbal 
compounds [96]. At present, 25% of medicinal plant 
derivatives are in use either as an anticancer or as an 
anti-infective drug [97]. Although, phytochemicals 
provide a substantial outcome at the clinic [98], yet 
these drug leads well-described mechanisms of action 
is imperative for the sustainable pharmaceutical 
development to avoid any complexity as well as 
existing therapeutic difficulties if any. 

 

 
Figure 6(a-e): Antibacterial and antifungal activity of A. alata leaf and 
stem extracts  

Despite the volume of scientific information 
available on pharmaceutical development in the 
modern era, the search continues towards the 
discovery of herbal medicine for the benefit of human 
beings [99]. In line with this, various ethnobotanical 
reports established that AA herbs have proven its 
efficacy against various diseases. The leaves and stem 
of AA used to isolate various extracts by using 
petroleum ether, ethyl acetate and ethanol and 
macerated using aqueous and finally concentrated by 
rotary evaporator. Amongst all the ex-tracts, ethanol 
derived exhibited maximum yield in all parts of the 
selected samples. The qualitative phytocompounds 
screening of AA revealed the presence of the following 
primary compounds such as amino acids, 
carbohydrates, and proteins both in leaf and stem 
extracts. The secondary bioactive principles such as 
alka-loids, flavonoid, phenolic, saponins, and cardiac 
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glycosides distributed differently in various parts of the 
AA. It also noted that the secondary metabolites that 
analyzed in the selected species have beneficial use in 
pharmaceutical industries [100]. The phytochemical 
investigations have shown the existence of phenolics 
as main metabolites, in agreement with earlier reports 
explored on various plant parts like roots, barks, fruits, 
leaves and stems of Andrographis species [101], [102], 
[103]. These results suggest that the phenolic 
compounds of AA have proven to be potent 
antioxidants. 

In general, phenols are fragrant bioactive 
principles which give protection to the medicinal plants 
against stress and have antioxidant ability [104]. 
Phenol compounds are constant phenoxy radicals, 
interrupting oxidation reactions in various components 
in the cell [105] and play a precise role in scavenging 
ROS [106]. These compounds highly contribute to the 
antioxidant capacity which helps in maintaining health 
and protection from severe disorders [107]. The current 
report has shown the occurrence of higher phenol 
contents in selected samples of AA than in the 
Andrographis echioides [108]. To support this, Adiguna 
et al. [109] has reported Andrographis paniculata has 
total phenolic content of 30.68mg GAE/g. Therefore, 
the higher quantity of secondary bioactive principles 
exist in the AA are the direct indication for its higher 
anti-oxidative role, hence AA plant can be used as an 
alternative source to obtain a novel drug lead. 

Tannins are organic compounds with bitter 
taste and exhibit strong astringent properties against 
inflammation and free radicals, microbes and protein 
precipitation. Previous studies [108], [109], [110] have 
worked on A. Paniculata (52.85 mg/g), and the results 
were comparable with AA (18.35 mg/g). The presence 
of tannin in the plant system contributes to the defense 
of the plant. Flavonoids are a diverse group of im-
portant naturally occurring phenols. In the food 
processing industry, flavonoids are employed to 
prevent heat or chemical-induced lipid peroxidation 
mechanism and chelating metallic and superoxide ions 
[111]. Medici-nal and non-nutritive plant derived 
flavonoids used as natural antioxidants in the food 
processing industry ow-ing to their ability to inhibit and 
scavenge ROS. [112]. Shilpam and Richa [113] have 
worked on A. paniculata (61.125 mg/ RE/g) and have 
reported that it has elevated levels of flavonoid. 
Comparatively the selected study species AA stem 
(88.14RE/g) and leaf (80.97 RE/g) contribute high 
amount of flavonoid content and show positive 
correlation among various study species. 

 The DPPH method is widely employed to 
assess the ability of the herbal extracts and foods to 
quench radical species or hydrogen donors to assess 
their activities against oxidative stress [114]. The 
present antioxidant results have shown that the ethanol 
extracts of AA leaf and stem showed higher free radical 
scavenging properties that may be due to the higher 
extractability and solubility of antioxidant compounds 
like phenols, and other metabolites found in AA 

extracts. The total antioxidant activity of AA may be 
owing to the presence of higher concentration of 
phenolic contents, which can directly contribute to the 
potential scavenging potential and nutraceutical activity 
[115], [116]. In line with this, Gurupriya and Cathrine 
[108] reported that bark extract of Andrographis 
echioides have exhibited stronger radical quenching 
activity. In line with this, Rajeshwari et al. [117] reported 
that A. paniculata also showed high DPPH radical 
scavenging activity. To sup-port the above, Shreya 
Reddy et al. [118] analyzed the scavenging activity of 
A. paniculata leaf, where the IC50 value ranged from 
20-40 µg/mL. Besides, Kripasana and Xavier [119] has 
done comparative antioxidant assay on Acanthaceae 
family in different genus which exhibited high 
antioxidant capacity with an IC50 value Phlogacanthus 
pubinervius (77.83%), Adhatoda vasica (74.81%), 
Phlogacanthus curviflorus (94.20%), and Ru-ellia 
tuberosa (70.78%). These comparative reports on 
scavenging activities of Acanthaceae members have 
suggested that the radical species scavenging ability 
may be due to its higher phenolic contents [120], [121]. 

In addition to DPPH method, the present study 
employed ABTS assay as it is an important tool in de-
termining the radical scavenging activity, since it is 
soluble nature both in aqueous as well as in organic 
solvents and not affected by any change in ionic 
strength of hydrogen donating compounds and of 
chain-breaking anti-oxidants like scavengers of both 
aqueous and lipid peroxyl radicals [122]. The results of 
AA ethanol extracts have shown the maximum radical 
scavenging activity both in leaf; 43611.11μM TE/g and 
stem; 61284.72μM TE/g respectively. Jeevanantham 
and Zahir Hussain [123] analyzed the radical 
scavenging activity of An-drographis echioides, which 
supported our results that the leaf ethanol extract 
depicted with 104.54 µg/mL TE/g. Similarly, Adiguna et 
al. [109] also performed ABTS radical scavenging 
assay using A. paniculata leaf, their results have shown 
the range from 0.25-84.13 µg/ml. When compared with 
previous reports with selected Andrographis species 
the current study revealed that the other members have 
shown less scavenging than AA. 

The Phosphomolybdenum method is a simple 
evaluation test of a total antioxidant measure of plant 
de-rived compounds. The results of this quantitative 
antioxidant assay expressed as ascorbic acid 
equivalents (mg/g fruit extract). The basic principle 
behind this method is that the reduction of Mo (VI) to 
Mo (V) by the antioxidant agents and the subsequent 
formation of a green phosphate/Mo (V) complex with a 
maximal absorption at   695 nm [124]. In this regard, 
Eyazul et al. [125] have reported that the acetone 
extract of A. paniculata leaf shown higher antioxidant 
activity ranging from 0.05 to 0.50 mg AAE/g extract). 
To support this, Adiguna et al. [109] reported that A. 
paniculata and A. zeylanica ethanol leaf extract exhibit 
appreciable antioxidant potential in the range (53.9 - 
65.9 mg AAE/g extract). The present study used 
various solvents for extraction of bioactive principles, 
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amongst, the ethanol extract revealed better 
antioxidant ability in comparison with various other 
solvent extracts. Thus, the antioxidant potential 
observed from various AA extracts are correlated well 
with its radical species quenching activity. 

 In addition, phytocompounds radical 
scavenging activity extended to superoxide (O−2) 
assessment. Superoxide is a reduced form of 
molecular oxygen and formed from mitochondrial 
electron transport systems [126]. Mitochondria chain 
reactions reduce oxygen to water. During this reaction, 
some electrons escape and directly react with oxygen 
and form superoxide. It is well established that 
superoxide plays a key role in the formation of other 
ROS like hydrogen peroxide, hydroxyl, or singlet 
oxygen in living systems [127]. To sup-port the above, 
the present results confirmed that various solvent 
derived extracts of AA have demonstrated good 
scavenging activity on superoxide radicals in a 
concentration dependent manner. Among those 
extracts tested, ethanol extracts of AA leaf (28.4%) and 
stem (40.51%) showed higher O−2 radical scavenging 
activity. To compare the scavenging activity of other 
members of this Andrographis species, unfortunately a 
less or on-ly sparse data available on O−2 scavenging 
properties. However, a report by Seval et al. [128] 
investigated Acanthus hirsutus, in which the results 
showed high radical scavenging activity suggest that 
amino acids like histidine, proline, alanine, and leucine 
are greatly to the scavenging of superoxide ions. This 
may be applicable to AA also as they possess high 
amino acids, which may contribute to high antioxidant 
and scavenging activities. 

Among the various plant extracts used for the 
antibacterial assay ethanol extracts of AA showed a 
high degree of anti-bacterial activity with varied rate of 
inhibition against various pathogens subjected for this 
in-vestigation. The results have shown that the 
petroleum ether and ethyl acetate extracts showed less 
activity than ethanol extracts. Acinetobacter baumannii 
(19.43 mm), Bacillus cereus (12.71 mm), Bacillus 
subtilis (20.03 mm), Staphylococcus epidermis (19.74 
mm), Streptococcus pyogenes (14.08 mm), 
Enterobacter cloacae (18.71 mm), Escherichia coli 
(17.40 mm), Klebsiella pneumoniae (16.71 mm), 
Pseudomonas aeruginosa (17.81 mm) and 
Staphylococcus aureus (17.08 mm). B. subtilis is a 
bacterial that produces subtilisin enzyme, which 
causes dermal allergic or hypersensitivity reactions 
[129]. K. pneumoniae plays a major role in causing 
several infections to human system some common 
infections are urinary tract infections, nosocomial 
infections, pneumonia, septicemias and soft tissue 
infection [130]. In some cases, K. pneumoniae leads to 
death in immune deficient patients. It is established that 
the pathogenic strains of E. coli cause urinary tract 
infections (UTI), neonatal meningitis and 
gastroenteritis, however, it rarely causes hemolytic 
uremic syndrome, peritonitis, mastitis, septicaemia and 
gram-negative pneumonia [131]. 

In addition, most of the food borne diseases 
caused by B. cereus produce vomiting, nausea, and 
diarrhea [132]. Antibacterial findings have suggested 
that the plant extracts   effectively applied to the 
treatment of many microbial diseases initiated by 
different bacterial strains.   Previous studies have 
investigated Andrographis species of viz. A. paniculata, 
A. lineate, A. echioides, A. nallamalayana, [101], [133], 
[134] amongst these A. paniculata showed good zone 
of inhibition against Klebsilla pneumoniae and Bacillus 
cereus. Besides, A. paniculata and A. echioides 
employed against several bacteria strains using well-
diffusion method, in which, most of the bacterium was 
found to be sensitive against ethyl acetate and ethanol 
extract when compared to petroleum ether and hexane 
as these are low polar solvent. It is interesting to note 
that the present study results support the previous 
studies data that the gram-positive bacteria are more 
sensitive to plant extracts when compared to that of the 
gram-negative bacteria [135], [136]. 

It is known that fungal infections are not 
frequent like bacterial or viral infections, however, there 
is an increasing incidence of fungal infections and 
related resistance among humans in the last 2 decades 
[137], [138].  An effective antifungal therapy could play 
a significant role in healthcare; in this regard, the 
screening of traditional medicinal plants in search of 
new and novel antifungal agents are in progress [139], 
[140]. The search for novel antifungal agents relies on 
ethnobotanical information and ethno-pharmacological 
exploration [141], [142]. Candida albicans is the most 
common causative agent of mucosal infections and 
systemic infection and it is responsible for about 70% 
of fungal infections around the world [143]. Aspergillus 
fumigatus is the most ubiquitous fungal species in the 
environment [144]. A. fumigatus can cause a wide 
range of infections in both immunocompromised and 
immunocompetent individuals [145]. Hemalatha et al. 
[146] has reported that the ethyl acetate extract of 
leaves recorded highest anti-fungal activity against all 
the selected pathogens viz., Pythium aphanidermatum, 
Phytophthora capsici, Macrophomina phaseolina, 
Fusarium udum and Asper-gillus Niger and produced 
inhibition zone of diameter equal to the positive control. 
Macrophomina phaseolina and Aspergillus Niger found 
to be more sensitive to ethyl acetate extract. The 
existence of some of such secondary bioactive 
principles in a significant quantity in the investigated 
part of AA may have conferred the strong antifungal 
activity. 

The present study highlights remarkable 
antioxidants and pharmacological properties of AA. 
Among various species of Andrographis, in which the 
versatile AA stood as the best source of various types 
of compounds with diverse chemical structure next to 
A. paniculata [147]. Moreover, the antioxidant activity 
of AA extracts has emerged as a promising food 
additive to substitute the current industry made 
synthetic antioxidants [66]. However, additional 
investigations are required for the isolation and 
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identification of specific bio-active principles in detail 
and their functional role by employing an appropriate in 
vitro and in vivo studies, which are very much required 
to understand their molecular mechanism of action, the 
resultant drug leads may be not only a food additive but 
also an affordable and consistent source of medicine 
for human welfare. 

 

Conclusion 
 

In summary, besides, A. paniculata, plant A. 
alata of Acanthaceae has been extensively employed 
as complimentary medicine in various Asian countries, 
which includes China, Malaysia, Srilanka and India, 
Various bioactive bitter principles have exerted several 
pharmacological and biological activities. 
Phytochemical screening discovered that phenols, 
flavonoids and tannins are the principal bioactive 
principles and derived from the aerial portion of this 
species. Various other compounds found are saponins, 
and cardiac glycosides distributed differently in various 
parts like leaf and stem possess varied biological 
activities. Although the re-sent study provided a strong 
insight into the phytochemistry, pharmacology of AA 
and its potential against various microbes and radical 
species. Nevertheless, additional investigations 
required us to fully understand the molecular 
mechanisms of various bioactive principles of this 
plant. Besides, numerous clinical and laboratory 
reports on the toxicity of AA plant extracts from various 
parts are also equally important to confirm their safe-ty 
and eligibility as source of novel drug leads. Based on 
the available evidence, the exact antimicrobial 
mechanisms of action of AA derived bioactive 
compounds are yet to be explored in detail. After 
careful con-sideration of the relevant supporting 
evidence, the present existing data suggest that 
bioactive principles de-rived AA can be of the potential 
agents that could serve the analogue for the synthetic 
drugs for the treatment of various human diseases in 
future.  
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