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 Triphala is a familiar ayurvedic formulation, commonly prescribed by most healthcare 
practitioners in India. It is an equiproportional mixture of fruits of three medicinal herbs, amalaki 
(Emblica officinalis), haritaki (Terminalia chebula) and bibhitaki (Terminalia bellerica). It exhibits 
anti-viral, anti-bacterial, anti-fungal and anti-allergic properties. Triphala and its constituents act as 
cardio-tonic, control blood pressure, improve blood circulation and reduce cholesterol levels. It also 
shows immune modulatory properties and helps in improving the body’s defense system. The aim of 
this study was to provide an overview of the antibacterial activities of the crude extracts of Triphala 
extracts (Aqueous, Methanol and Acetone) with special emphasis on its biochemical and molecular 
mechanisms of action against B.subtils. the antibacterial activities of triphala extracts against 
B.subtils were determined by agar well diffusion method, MTT Assay using Broth dilution method 
(With and without Triphala extract) used for biochemical analysis and RT-PCR for gene expression 
studies on selected metabolic genes of B.subtils which is important in stress condition (lex A, Lrg and 
Cid genes) were performed. The susceptibility test showed promising antibacterial activities of all the 
tested extracts against B.subtils. Among the tested extracts of triphala, Methanol exhibited the highest 
antibacterial activity and the highest levels of cytotoxic activity. In the gene expression studies of those 
selected candidates triphala have showed a capacity of up regulating all genes of interest, Cid is most 
expressed gene (5.6 fold) which is followed by, Lrg (4.8 fold) and Lex A (3.3 fold) respectively.When we 
compare each solvent, distinct extractants cause distinct genes moreexpressed than the other, lex A 
expressed more by methanol extract, whereas cid and Lrg expressed more in acetone and aqueous 
extracts respectively .Cid gene which is a critical effecter for bacterial lysis, may form membrane 
lesions through which endolysin occur , muraytic enzyme escape the cytoplasm to attack the cell wall. 
When these genes expressed more they induce the release of muralytic enzymes from the cytoplasm 
and lead to membrane lesions and attack cell wall which results hole formation in the bacterial plasma 
membrane and finally cause to death of cell. 
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Introduction
 In recent years, drug resistance has been developed due to indiscriminate use of existing 
allopathic antimicrobial drugs in the treatment of infectious diseases and has become a global public 
health problem [1]. The present chemical based pharmaceutical is looking new hopes in traditional or 
natural origin medicines which would be efficiently effective against disease causing microorganism 
which are now said to immune themselves from the chemical based medicine available in the market. 
Nature has all the solutions to mankind problems; such is the natural or ayurvedic medicine derived 
from the plants, animals or marine. Ayurveda is one known traditional Indian medicinal system being 
practiced for thousands of years. Many natural products such as plants, animals and minerals have been 
used for the treatment of human diseases [16]. The modern pharmaceutical industry has also realized the 
importance of Ayurveda and hence now number of drugs is being introduced using these natural products 
for making effective drugs against many diseases [19, 18].  
 History of medicine dates back practically to the existence of human civilization. The current 
accepted modern medicine or allopathy has gradually developed over the years by scientific and 
observational efforts of scientists [3]. Nowadays, the use of natural formulations as medicine is gaining 
more popularity. In fact, several natural formulations which make use of herbal extracts have been found 
to be safer medicines with minimum side effects when compared to chemical drugs. According to the 
official statement of the World Health Organization (WHO), around 65% of the world’s population relied on 
medicinal plants as their primary healthcare source [2].  Also, it has been estimated that about 50% of the 
medicines developed since1980 have been natural products, their derivatives, or their analogs [15, 25]. 
Further, it has been predicted that approximately 25% of the currently used modern medicines are derived 
from plants [25]. Triphala is a familiar ayurvedic formulation, commonly prescribed by most healthcare 
practitioners in India. It is an equiproportional mixture of fruits of three medicinal herbs, amalaki (Emblica 
officinalis), haritaki (Terminalia chebula) and bibhitaki (Terminalia bellerica), also known as the ‘three 
myroba- lans’ [26, 27], each of which contains various structurally diverse chemicals with therapeutic 
potentials. It has been demonstrated that the main bioactive chemical constitutes are polyphenols, such 
as tannins, flavonoids, phenolic acids and glycosides, as well as other aromatic acids and carbohydrates, 
saponins, sterols, alkaloids, amino acids, fatty acids, and others(30,31). It exhibits anti-viral, anti-bacterial, 
anti-fungal and anti-allergic properties. Triphala and its constituents act as cardio-tonic, control blood 
pressure, improve blood circulation and reduce cholesterol levels. It also shows immunomodulatory 
properties and helps in improving the body’s defense system [7, 9, 10, 12, and 13]. Triphala formulation 
is rich in antioxidants, is a frequently used ayurvedic medicine to treat many diseases such as anemia, 
jaundice, constipation, asthma, fever and chronic ulcers [20, 21, 23]. Triphala is traditionally been used 
as laxative in chronic constipation, colon cleansing, digestion problems and poor food assimilation [22, 
23]. It has also been used in cardiovascular disease, high blood pressure disease, serum cholesterol 
reduction, poor liver function, large intestine inflammation, and ulcerative colitis [21]. In recent years 
there are also several reports in the literature which suggest that triphala possesses antimutagentic, 
radio protecting and antioxidant activity [1, 4-6, 8, 11, 4, 24]. Although there is a lack of specific data to 
elucidate the mechanism of Triphala against microorganisms, which may give as a hint to produce a drug 
with long term effect from natural products. In order to survive in various environmental conditions, cells 
have a collection of genes that they can choose to express or silence according to their needs. Among this 
vast collection of genetically controlled networks, the SOS response is an inducible DNA repair system 
that allows bacteria to survive sudden increases in DNA damage. The importance of the SOS response is 
underline by the observation that this regulatory network is widely present in bacteria, reflecting the need 
for all living cells to maintain the integrity of their genome.
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METHODOLOGY
Activity1. Preparation of triphala extract
 Triphala powder was purchased from market and different extracts where made (acetone, 
methanol and aqueous).The aqueous extract was prepared by adding 2 gm of triphala powder in 20 ml of 
dH2O. Then boiled it on low heat for 2hrs and filtered. 
 The organic solvent extracts were separately prepared by adding 2 gm of triphala powder in 20 
ml of each organic solvent (acetone and methanol) in 100 ml flask after 24 hr we heated it at a water bath 
for 30 minutes at 60 ºc and then we stored it at 4 ºc for the study.
Activity 2.Test Organism
Bacillus subtils
 •  2.2 g of nutrient broth in 100ml of dH2O were prepared and autoclaved at 121oc for 15 minutes. 
Then the isolate were inoculated into the tubes and incubate for 24 hrs. And then NA was prepared for 
culturing the isolate in plates.
Activity 3. Antimicrobial assay
 In vitro antibacterial screening of aqueous acetone and methanol extracts of triphala against 
B. subtils was performed by Agar well-diffusion method the method of Singh et al. [39]. The bacterial 
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cultures were spread on nutrient agar medium plates using a sterile spreader in order to get a uniform 
bacterial growth on test plates. Wells were punched over the agar plates using tips. About 100µl of each 
extract and a dilution of (10-1, 10-2 and 10-3) was added using pipette into the wells and allowed to 
diffuse at room temperature for 2 h. The plates were then incubated at 37 ºC for 24 h. The diameter of the 
inhibition zone (mm) was measured.

Activity 4. Determination of antimicrobial Biochemical effect of Triphala extract
• MTT Assay using Broth dilution method (With and without Triphala extract)

PREPARATION OF REAGENTS
 MTT stock solution: Dissolve 500 mg MTT powder in 10 mL phosphate buffer solution. Stir the 
solution with a magnetic stirrer for about 1 hour in the dark. Filter the sterilized solution with a 0.22 mm 
filter (Millipore, Ireland) and then store it in 10-mL aliquots (50 mg/mL) at -20°C (van Meerloo et al., 2011). 
The working solution (5 mg/mL) was prepared on the day of experiment by dilution.
Activity 5 .Determination of antimicrobial Molecular mechanism effect of Triphala extract.
• Colonies from culture plates (With and without Triphala extract) were taken and grow in Nutrient 

Broth and RNA was isolated from each plate using kits, cDNA was then synthesized and RTPCR for 
microbial metabolism genes has been done.

• To study the molecular mechanism of triphala 1 ml of each extract (acetone, aqueous and methanol) 
was transferred to different tubes and inoculates 500µl of B. subtils. One tube free from any extract 
with only the isolate as a negative control was used. And then we incubate the sample in B.O.D incu-
bator for 2 to 3 days.

RNA extraction 
• For RNA extraction first we remove all the media from the tube and 700ul of tryzol was added and 

incubated for 30 minutes at cold (4oc) and then we centrifuge at 8000 rpm for 15 min.
• Then  the supernatant was taken to other  tube and  700ul of isopropanol was added and  incubate  

over night and centrifuge  at  12000 rpm for 15 min and then the precipitate  were  washed by 80% 
ethanol. Remove ethanol and dry the pellets for 10 min at 4oc. And finally suspend in 30 µl nucleus 
free water. 

For cDNA preparation 
• By using the protocol of Revert Aid First strand cDNA synthesis kit.

 Figure 1 Schematic representation of MTT assay protocol

Results and Discussion
Triphala is a familiar ayurvedic formulation, commonly prescribed by most healthcare practitioners in 
India. It is an equiproportional mixture of fruits of three medicinal herbs, amalaki (Emblica officinalis), 
haritaki (Terminalia chebula) and bibhitaki (Terminalia bellerica), also known as the ‘three myrobalans’ 
[26, 27]. Antimicrobial activities of different extracts of triphala were checked and in each extracts pos-
itive results have been observed.Gene analyses of microbial metabolic genes were analyzed (lex A, Lrg, 
Cid and Bax genes).Cytotoxic activities of triphala were checked by using MTT assay and according to 
the result Methanol extract shows a highest cytotoxic activity (Fig.2). Triphala contains various struc-
turally diverse chemicals with therapeutic potentials. It has been demonstrated that the main bioactive 
chemical constitutes are polyphenols, such as tannins, flavonoids, phenolic acids and glycosides, as well 
as other aromatic acids and carbohydrates, saponins, sterols, alkaloids, amino acids, fatty acids, and 
others(30,31).The intention of this research was to provide an overview of the antibacterial operations of 
the crude extracts of commercially bought dried powdered triphala extract (aqueous, methanol and ace-
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tone) with particular emphasis on its biochemical and molecular mechanisms of action against B.subtils.
Agar well diffusion technique was used to determine the antibacterial activity of triphala extracts against 
B.subtils,the results from this study show that Triphala’s methanol extracts showed slightly greater an-
tibacterial activity followed by acetone and aqueous, indicating that methanol is the finest antimicrobial 
compound extract.MTT Assay was used for biochemical analysis using Broth dilution technique,and RTP-
CR was conducted for gene expression

Acetone Aqueous Methanol

Figure  2 Antimicrobial activity (inhibition zone) of acetone, methanol and aqueous extracts respectively

Figure 3 which shows inhibition zones of different extract with different concentration of Triphala

Studyon chosen B.subtils metabolic genes that are essential in stress condition(Lex A, Lrg and Cid genes).
The sensitivity test showed promising antibacterial activity against B.subtils of all the extracts tested,-
Methanol showed the greatest antibacterial activity.Previous studies have also shown that medicinal plants 
methanol extract is more efficient in regulating microorganisms, which are responsible for causing various 
human illnesses, compared to acetone and aqueous extracts(Duke, J.A. and E.S. Ayensu, 1985)86. And the 
cytotoxic activity of each sample has been verified and here, too, methanolshows the lowest cytototoxic 
activity capacity among the triphala extracts being tested as seen from the fig(Fig.4).In the evaluation of 
gene expression of these selected candidates triphala revals upregulating ability of all suspicious genes, 
from it as well Cid is the most expressed gene(5.6 fold) followed by Lrg (4.8 fold) and Lex A (3.3 fold) respec-
tively. Previous studies have shown that the activation of the Cid proteins is hypothesized to drive away the 
membrane potential, thus triggering Murein hydrolase activity and lysis of cells and finally cause to death 



International Journal of Pharma Sciences and Scientific Research, Vol. 7, Issue. 1 January 2021

Evaluation of the Biochemical and Genetic Effects of the in Vitro Antimicrobial Activities of Triphala Powder Extracts on B.Subtils

19

(Zhang, Xinyan, et. al, 2016).  According to in vitro antimicrobial screening test Triphala have showed a 
considerable potential as antimicrobial agent against B. subtils .The methanol extracts of Triphala exhib-
ited slightly higher antimicrobial activity followed by acetone and aqueous. And triphala induces death of 
the cell by up regulating death activating genes like cid and Lex A. It is tempting to speculate that these 
genes could be potential antibiotic targets.

Figure 4 Mtt Assay Results it starts from the bottom the first one is Aqueous and followed by Acetone, 
methanol,-ve control (isolate+ tetrazolium) and +ve control (tetracycline) respectively.

S.No Gene of target Forward  Primer 
Squence

Reverse Primer               
Sequence

1 LrgA tggctaagcgagccatgtcg Tgcagcagtttcttcccgca

2 Lex A aggcagcagctggaagaagc Cgtttcaagcgctggggaga

3 16srRNA tggagaaggctggggctcat Gggccatccaccgtcttctg

4 Bax gacggagaaagccatccgca Gtgttgcccccgaaggtgaa

5 Cid A tcaggtcatcgcaggggtca Aggatgggcacaccacctct

Table 1   Primers used for the quantitative real-time PCR analysis in this study.



International Journal of Pharma Sciences and Scientific Research, Vol. 7, Issue. 1 January 2021

Evaluation of the Biochemical and Genetic Effects of the in Vitro Antimicrobial Activities of Triphala Powder Extracts on B.Subtils

20

Figure 5. 4 Relative Cid  gene expression in different extracts of triphala.

Figure 5. 5 Relative Lex A gene expression in different extracts of triphala.
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Figure 5. 6 Relative Lrg gene expression in different extracts of triphala.

Figure 5. 7 Showes relative gene expression values from RT-PCR results
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