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Abstract
Medicinal plants especially leaves are used in traditional medicine for rapid anti-viral therapy against infectious 

diseases. Protease, a potential candidate in medicinal plants is not so for studied in leaves. So an attempt was made 
to determine the protease activity of various medicinal plants especially leaves. Buffers of different pH range were 
used for extraction of the leaves to identify the best buffer for extraction of protease. Firstly, protein from fresh plant 
leaves of these medicinal plants were determined and then evaluated its protease activity using crude enzyme of 
protein (leaves) against specific protein antigen i.e. Bovine serum albumin (BSA). Thereafter, exposure of these 
proteases (acid or basic) on virally infected human whole blood samples determined through flow cytometry. The 
results showed that protease at particular pH of PBS buffer range of these medicinal plant leaves on virally infected 
human whole blood samples showed anti-viral activity.
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Introduction
Development of vaccines against intracellular infectious diseases 

e.g. polio, mumps, smallpox etc. have been controlled but infections 
like HIV have been difficult to target because of variation in genotypes 
[1]. As per literature, infectious diseases have widely been treated 
using various medicinal plants and about 25% of current medicines 
originated from medicinal plant products [2,3]. Numerous medicinal 
plants are known for their magical medicinal properties and serve as an 
indispensable reservoir for drug discovery against infectious diseases 
[4,5]. In this regard, separation of these active metabolites using HPTLC 
technique have enabled researchers to find out the active compounds of 
medicinal plants as antiviral agents and to overcome the provocation of 
emerging infectious disease in human population [6]. There is a wide 
range of medicinal plants which are being used to extract compounds 
from plant products that are being used for their antiviral activity [3,6]. 
In view of this, viral infections are still painful to threat and some 
remained calamitous diseases in spite of antiviral drug research over 
decades. For this purpose, medicinal plant proteases have emerged 
as new targets for antiviral intervention and showed that proteases 
play a interpretative role in the life cycle of many viruses by effecting 
or splitting the high-molecular-weight viral polyprotein predecessors 
to generate functional products or by catalyzing the processing of the 
structural proteins indispensable for assembly and morphogenesis of 
virus particles e.g. liver diseases (HCV) [6-8]. 

In general, antiviral drugs extracted from medicinal plant 
products in the form of proteases that may stop the development and 
propagation of a virus without causing an appropriate damage in the 
host cell [9,10]. Inspite of this, major achievement i.e. more than 30 
new drugs are approved to fight against AIDS virus but its number is 
limited group of pathogens e.g. herpes simplex virus (HSV), varicella-
zoster virus (VZV), human cytomegalovirus (HCMV), influenza virus 
and hepatitis B and C viruses (HBV and HCV, respectively) [6,11,12].

Recently, pharmaceuticals used proteases as drug or in the form 
of formulation for the treatment of various diseases. These are based 
largely on the production of small molecules identified through HPTLC 
or synthesized by microbes. It includes various hormones, antibiotics, 
analgesics etc. Previously, researchers mostly focused on plant proteins 
in the form of large or complex molecules and tried to use as therapeutic 

agents [13,14]. The first protein i.e. Insulin was used to treat diabetes 
that is more common cardiovascular disease in all over the world and 
it was a major breakthrough in that era of biotechnology [13,14]. Now 
a day, scientists focused on those proteases (crude enzyme of protein 
against specific protein antigen) extracted from medicinal plants and 
is responsible for breaking down the simple or complex protein that is 
responsible for causing intracellular infections. 

One of the most important groups of industrial enzymes i.e. 
Proteases (Figure 1) that conducts proteolysis (protein catabolism by 
hydrolysis of the peptide bonds) and showed several physiological 
processes and determine the potential of proteolytic enzyme that 
are required or essential e.g. digestion of food proteins, protein 
turnover, cell division, blood clotting cascade, signal transduction, 
processing of polypeptide hormones, apoptosis etc. [10,15]. In view 
of this, proteases are physiologically needed for living organisms and 
are normally reported in plants, animals and microorganism. For 
protease production, use of medicinal plants is totally dependent on the 
availability of land for agriculture and certain climatic conditions [16]. 
The most familiar examples of plant proteases i.e. Papain, bromelain, 
keratinases etc.; animal origin e.g. pancreatic trypsin, chymotrypsin, 
pepsin, rennin etc. and microorganisms preferred both the enzymes 
from plant and animal sources and showed all the characteristics 
desired for their biotechnological applications [10,15]. Major types of 
proteases and their sources are listed in Figure 1.

Examples of Proteases Extracted From Medicinal Plants 
That Are Currently or Still Under Investigation

The current study establishes a flow cytometry method for detecting 
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the viral infections in patient (human) blood samples that keep the 
records of infected cells and how much improvement will occur after 
exposure of proteases extracted from medicinal plants using specific 
protein antigen (Bovine serum albumin, BSA) and crude enzyme of 
protein test candidates. In an effort to achieve this objective, firstly 
isolate the protein (determined through Nanodrop) from medicinal 
plants using Tris HCl and ice cold acetone [16,17]. Thereafter, protease 
determination was done calometrically using BSA as substrate. In this 
study, crude enzyme extract of protein was assayed by using 1% BSA 
dissolved in citrate buffer (pH 7). For these studies, add equal quantity 
of BSA and crude enzyme extract in test tube and allowed to stand for 
2h. Afterwards, TCA solution was added to stop the enzymatic reaction 
and then centrifuging the samples at high speed. The supernatant was 
collected and add equal quantity of NaOH (sodium hydroxide) solution 
in comparison with TCA (trichloroacetic acid) solution [17]. Incubate 
all these samples at room temperature. Afterwards, Folins colins 
reagent was added and the intensity of blue colour was measured at 
700 nm within half an hour using spectrophotometer. In view of this, 
protease undergoes kinetic studies (i.e. temperature) and still remains 
active at 45ºC. For identification of these proteases using HPTLC (high 
performance Thin layer chromatography) was performed on silica gel 
60 F254, 20 X 10 cm TLC plates (Merck, Darmstadt, Germany) with 
n-Butanol: acetic acid: water (4:1:1(v/v) as a mobile phase. Sample 
application was done with CAMAG-Linomat V automated spray 
on band applicator equipped with 100 μl syringe and operated with 
following settings: band length 47 mm, solvent front position 91 mm, 
application volume 80 µl, number of tracks (3), distance between tracks 
(60 mm). The development of TLC plate by using n-Butanol: acetic 
acid: water (4:1:1 v/v) solvent system using 20 x 10 twin trough solvent 
chamber. After development, the plates were dried using hair drier for 
10 min and the results were calculated by studying the densitometric 
evaluation of each chromatogram. A CAMAG TLC Scanner 3 was 
used to densitometrically identify the bands using WIN CATS software 
(Version 1.2.3) with scanning speed 20 mm/s at multiple wave lengths 
[18]. The photodocumentation was carried out by CAMAG-Reprostar3 
(Canon powershot G2) at 254 nm and 366 nm (data not shown). 
Following are the proteases extracted from various medicinal plants 
(leaves) dissolved in PBS of respective pH buffer (only active candidate 

data is mentioned) using crude enzyme of protein from test candidates 
against specific protein antigen i.e. BSA as shown below-

Azadirachta indica 

It belongs to family Meliaceae and showed various medicinal 
uses i.e. antipyretic, blood purifies of detoxifiers and also used for 
manufacturing of many health and beauty care products including 
bath powders, soaps, shampoos, cream and lotions. It shows antiviral, 
antineoplastic, antibiotic, anti-inflammatory, antiseptic, insecticidal, 
anti-hyperglycemic activity etc. [17,19]. The results showed that 
Azadirachta indica showed protein (23.28 mg/ml) and protease (3.423 
mg/ml) content using PBS buffer (pH 9) in fresh mature plant leaves. 
In Azadirachta indica, the flow cytometric results showed that the 
maximum effect of basic proteases was observed at 3.423 mg/ml (pH 
9; Figure 2A). In this case, basic protease showed enhancement of 
lymphocytes but slightly increased in the level of monocytes count and 
granulocytes count at the same concentration and returned to its normal 
blood profile as compared to infected control sample. Similarly, forward 
(shape and size) and side (granularity of the cell) scatter showed slightly 
enhancement or decline after treatment with these proteases extracted 
from Azadirachta indica. 

Terminalia arjuna 

It belongs to family Combretaceae and showed various medicinal uses 
i.e. bark is rich in high in Co enzyme Q 10, which reduces blood pressure. 
Bark of Arjuna is processed with milk to prepare a heart tonic. It is also 
beneficial in healing fractures quickly. Use Arjuna for the treatment 
of circulatory problems including treat kidney, liver and gall bladder 
problems. Arjuna tea is traditionally used to relieve pain in the kidneys and 
to break kidney stones, as well as for protection of liver cirrhosis [20,21]. 
In this case, protein (3.971 mg/ml) and protease (0.638 mg/ml) content 
using PBS buffer (pH 5). The flow cytometric results revealed that the 
maximum effect (Figure 2B) of acid protease was observed at 0.638 mg/ml 
(pH 5). Acid protease showed enhancement of lymphocytes, monocytes 
and granulocytes count and then returned to its normal blood profile. 
Similarly, forward and side scatter showed inhibition after treatment with 
acid protease extracted from Terminalia arjuna. 

Figure 1: Protease and its types and source.
Figure 1: Protease and its types and source.
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Figure 2: Effect of acid and basic protease extracted from the leaves of Aza-
dirachta indica (A) Terminalia arjuna (B) Calotropis gigantea (C) Mimusops 
elengi (D) on lymphocytes, monocytes and granulocytes count in infected 
human whole blood. Lysed human whole blood were cultured with protease of 
particular pH value and then observed its blood count using flow cytometer 
(FACS Calibur).
a) First graph represents blood counts i.e. R1- Lymphocytes; R2- Monocytes 
and R3- Granulocytes.
b) Second graph represents total blood counts.
FSC- represents Forward scatter and SSC- Side scatter
Events- 10,000; Software- Cell Quest; Flow Cytometer- FACS Calibur; Compa-
ny- BD India
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Figure 2: Effect of acid and basic protease extracted from the leaves of Aza-
dirachta indica (A) Terminalia arjuna (B) Calotropis gigantea (C) Mimusops 
elengi (D) on lymphocytes, monocytes and granulocytes count in infected 
human whole blood. Lysed human whole blood were cultured with protease of 
particular pH value and then observed its blood count using flow cytometer 
(FACS Calibur).
a) First graph represents blood counts i.e. R1- Lymphocytes; R2- Monocytes 
and R3- Granulocytes.
b) Second graph represents total blood counts.
FSC- represents Forward scatter and SSC- Side scatter
Events- 10,000; Software- Cell Quest; Flow Cytometer- FACS Calibur; Compa-
ny- BD India

Figure 2: Effect of acid and basic protease extracted from the leaves of Azadirachta indica (A) Terminalia arjuna (B) Calotropis gigantea (C) Mimusops elengi (D) 
on lymphocytes, monocytes and granulocytes count in infected human whole blood. Lysed human whole blood were cultured with protease of particular pH value 
and then observed its blood count using flow cytometer (FACS Calibur).
a) First graph represents blood counts i.e. R1- Lymphocytes; R2- Monocytes and R3- Granulocytes.
b) Second graph represents total blood counts.
FSC- represents Forward scatter and SSC- Side scatter
Events- 10,000; Software- Cell Quest; Flow Cytometer- FACS Calibur; Company- BD India
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Calotropis gigantea 

It belongs to family Apocynaceae and showed various medicinal 
uses i.e. dried whole plant is a good tonic, expectorant, depurative and 
anthelmintic. The flowers are bitter, digestive, astringent, stomachic, 
anthelmintic, and tonic. Traditionally calotropis is used alone or with 
other medicinally to treat common disease such as fevers, rheumatism, 
indigestion, cough, cold, eczema, asthma, elephantiasis, nausea, 
vomiting, diarrhoea etc. [22,23]. In this case, protein (3.878 mg/ml) 
and protease (0.763 mg/ml) content using PBS buffer (pH 5). The flow 
cytometric results revealed that the maximum effect (Figure 2C) of acid 
protease was observed at 0.763 mg/ml (pH 5) and showed decline in 
lymphocytes, monocytes and granulocytes count Similarly, forward and 
side scatter showed rapidly decline after treatment with acid proteases 
extracted from Calotropis gigantea. Overall, the results showed that 
these proteases showed significant anti-viral activity against infected 
human whole blood.

Mimusops elengi 

It belongs to family Sapotaceae and showed various medicinal uses 
i.e. bark, flowers, fruits, and seeds are used in Ayurvedic medicine in 
which it is purported to be astringent, cooling, anthelmintic, tonic, 
and febrifuge. It is mainly used for dental ailments such as bleeding 
gums and loose teeth [3]. In this case, protein (5.199 mg/ml) and 
protease (1.109 mg/ml) content using PBS buffer (pH 4). The flow 
cytometric results revealed that the maximum effect (Figure 2D) 
of acid protease was observed at 1.109 mg/ml (pH 4). Acid protease 
showed enhancement of lymphocytes, monocytes and granulocytes 
count as compared to infected control. Similarly, forward and side 
scatter showed inhibition after treatment with acid protease extracted 
from Mimusops elengi. Overall, the results showed that these proteases 
showed significant effect against infected human whole blood and tried 
to return its normal blood profile.

In addition, protease extracted from medicinal plants using variable 
concentration of PBS buffer (pH ranging from 3 to 9). These proteases 
(acid, basic and neutral) showed many fascinating medicinal properties 
(immunomodulatory, anti-inflammatory etc.) and also involved in 
various applications especially for biotechnology. However the isolation 
and purification of proteases from these medicinal plants will assist us 
to recognize the mechanism of various disease models

Conclusion
The present study helps to identify the protease (acid and basic) 

activity in leaves of these medicinal plants against specific protein 
antigen, BSA. These medicinal plant leaves showed more protease 
activity against infected human whole blood samples and responsible 
for its anti-viral properties. However the isolation and purification 
of proteases from this plant and in vitro and in vivo testing of the 
enzyme on various pathogenic micro micro-organisms will help us to 
understand the anti-viral potential of medicinal plant leaves.
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