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ABSTRACT  

India has an age old heritage of traditional herbal medicine. Triphala is a well-known powdered preparation which 

consists of equal proportion of Terminellia chebula, Teminellia bellerica and Embellica officinalis, as described in 

the ‘Sushrut Samhitas’.  

This powder preparation is believed to promote health, immunity, and detoxify the whole body. Triphala contains 

several compounds such as gallic acid, chebulic acid, ellagic acid, chebulinic acid and polyphenol,  which  

responsible for its claimed health benefits. 

 One of the major limitations of Triphala is that it is effective only in high doses. The present study is undertaken to 

overcome this limitation, by preparing Triphala-silver nanoparticles (TSNPs), and to study if it is effective in low 

doses.  

Characterization of the prepared silver nanoparticles and Triphala silver nanoparticles was done using UV-Visible 

spectroscopy. A comparative study of the therapeutic effects of the prepared TSNPs with Triphala showed more 

pronounced anti-bacterial, anti-oxidant, anti-inflammatory and anti-coagulant properties for TSNPs. 

Keywords: Antibacterial, Anti-Coagulant, Anti-Inflammatory, Antioxidant, Triphala-Silver 

Nanoparticles  

I. INTRODUCTION 

Herbs have been used as food and medicinal purposes for centuries. Triphala is a popular herbal formulation 

consisting of the dried and powdered fruits of three plants, Terminalia bellerica (family Combretaceae), Terminalia 

chebula (family Combretaceae) and Emblica officinalis (family Phyllanthaceae) [1-3]. This powder preparation is 

believed to promote health, immunity, clean the gastro-intestinal tract and detoxify the whole body. Triphala is rich 

in gallic acid, Vitamin C, ellagic acid, chebulic acid, bellericanin, β-sitosterol and flavonoids and phenolic 

compound such as flavonoids, tannins and syringic acid [4-5]. Because of these compounds triphala is claimed to 

have antibacterial [6], antifungal [7], antiviral [8], anti-oxidant [9], anti-inflammatory [6], and anticancer activity 

[10-11].  

Triphala is available in the form of powder, tablets and capsules. The major limitation of Triphala churna is that, it 

acts at a very high dose (4 to 6 tablets or capsules per day) [12]. The poor water solubility and large molecular size 
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further limits the utility of the Triphala. These limitations can be addressed by using nanoparticles as carriers for 

delivery of Triphala [12]. Among the other noble metal nanoparticle, silver nanoparticles have gained boundless 

interest in the medical field, because of their unique properties of chemical stability, good conductivity and most 

important antibacterial, antiviral, antifungal and anti-inflammatory [13].  

The aim of this research work was to carry out green synthesis of Triphala silver nanoparticles and to compare the 

efficacy of Triphala-silver nanoparticles with Triphala powder and its individual constituent for their antibacterial, 

anti-inflammatory, anti-oxidant and anti-coagulant properties. This research work demonstrates that the use of silver 

nanoparticles as a carrier of Triphala improved its therapeutic properties by overcoming its shortcomings. 

II. MATERIALS & METHODS 

2.1 Green synthesis of Triphala-Silver Nanoparticles (TSNPs) 

10.0g of fine Triphala powder was suspended in 100 ml of 1mM silver nitrate (AgNO3) solution in 1:10 ratio (w/v). 

The flask (black paper covered) was kept on a shaker in dark for 24 hours. A change in color indicating the 

formation of silver nanoparticles was observed. The mixture was centrifuged at 6000 rpm for 30 minutes, double 

filtered and the supernatant was used for further experiments [14]. These nanoparticles are further characterized by 

scanning electron microscopy (SEM) and UV-Visible spectroscopy.  

2.1.1 Characterization of silver nanoparticles by UV-Visible spectroscopy  

The addition of Triphala powder to silver nitrate solution resulted in colour change from light brown to dark brown 

due to production of silver nanoparticles. The bioreduction of silver ions in aqueous solution was monitored by UV-

VIS spectra of the solution between 300 nm – 600 nm. 

 
2.1.2 Characterization of Triphala silver nanoparticles by Scanning Electron Microscopy (SEM) 

A drop of Triphala-silver nanoparticles solution was put on a piece of copper plate and was allowed to dry and was 

then used for SEM analysis which was done by using ZEISS ultra plus scanning electron microscope. 

2.2. Preparation of Aqueous extract of Triphala and its ingredients 

Aqueous extract of Triphala was prepared by using cold infusion method. Commercially available 10 grams of 

Triphala churna and its ingredients (Amla, Harda, Behada) powder were dissolved separately in 100 ml of distilled 

water. The mixture then subjected for stirring on shaker for 2 hours. The solutions were filtered using Whatman 

filter paper. These filtrates were further used for all experiments. 
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2.3. Determination of antibacterial activity of Triphala, its ingredients and TSNPs 

Antibacterial activity was determined by agar well diffusion method against 24 hours old cultures (0.1 optical 

densities at 570 nm) of Streptococcus pyogenes, Escherichia coli, Shigella species, Salmonella typhi, Salmonella 

paratyphi A, Salmonella paratyphi B. etc. Nutrient agar plates were seeded with these different pathogens. Wells of 

6mm were prepared using cork borer and the wells were charged with 100µl of samples (extract of Triphala, its 

ingredients and Triphala-silver nanoparticles).  Zones of inhibition were measured after 24 hours incubation period. 

2.4. Determination of antioxidant activity of Triphala, its ingredient and TSNPs 

6 ml of the reagent solution (2ml of 0.6M sulfuric acid, 2 ml of 28 mM sodium dihydrogen phosphate and 2ml of 4 

mM ammonium molybdate) was combined with 0.6 ml of different concentrations of ascorbic acid (standard 

solutions) and samples. The tubes was capped and incubated at 95°C for 90 min. After cooling the tubes to room 

temperature, absorbance of the standards and test solutions was measured at 670 nm using colorimeter. The anti-

oxidant capacity of each sample is expressed as ascorbic acid equivalent in µg/ml. Higher the concentration higher is 

the total anti-oxidant activity [9]. 

2.5. Determination of anti-inflammatory activity of Triphala, its ingredients and TSNPs 

The RBC membrane is analogous to the lysosomal membrane and its stabilization implies that the test sample may 

as well stabilize lysosomal membranes. This stabilization plays an important role in limiting inflammatory 

responses, by preventing the release of lysosomal constituents consisting of bactericidal enzymes and proteases. 

Stabilization of HRBC by hypotonicity induced membrane lysis can be taken as an in vitro measure of anti-

inflammatory activity of the drugs or plant extract. [15] 

For this assay fresh blood was collected and mixed with the Alsever solution. The mixture was centrifuged at 3000 

rpm for 10min. The cells were washed with isosaline. The volume of blood was recorded and reconstituted as 10% 

v/v suspension with isosaline. The assay mixture was prepared by adding 1ml of 0.2M phosphate buffer and 1ml of 

0.36% hyposaline to 1ml of the sample and standards (Diclofinac solution of various concentrations). For control, 

hyposaline was replaced with distilled water to give 100% haemolysis. The tubes were capped and incubated at 

37°C for 30 min, centrifuged and the absorbance was measured at 560nm using a colorimeter. The result was 

recorded as the % of the membrane stabilization of HRBC.  

(1) The percentage of hemolysis of HRBC membrane was calculated as follows-  

Percentage of hemolysis = optical density of test/optical density of control x 100  

(2) The percentage of HRBC membrane stabilization was calculated as follows-  

Percentage of protection = 100 - (optical density of test/optical density of control x 100) 

Lower the hemolysis, higher is the anti-inflammatory activity. 
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2.6. Proteinase inhibitory activity of Triphala, its ingredients and TSNPs 

Neutrophils carry serine proteinases in their lysosomal granules and these have been implicated in arthritic reactions. 

It has been reported that proteinases from leukocyte play an important role in the development of tissue damage 

during an inflammatory reactions and significant level of protection was provided by proteinase inhibitors [15]. 

Trypsin can hydrolyse casein (a protein in milk) as it possesses proteinase activity. Thus trypsin can be used to assay 

proteinase inhibitory activity of samples by investigating inhibition of breakdown of casein. The reaction mixture 

contained 1 mL of test sample, 1.0 mL of 20 mM TrisHCl buffer (pH 7.4) containing 0.06 mg trypsin, and the 

mixture was incubated at 37°C for 5 min. Then 1 mL of 0.8% (w/v) casein was added. The mixture was incubated 

for an additional 20 min. 2 ml of 70% perchloric acid was added to terminate the reaction. Cloudy suspension was 

centrifuged and the absorbance of the supernatant was read at 340 nm against buffer as blank. Diclofinac sodium 

was used as a standard (1000mcg/ml).  

Percentage of proteinase inhibitory activity was calculated as follows- Percentage of proteinase inhibitory = optical 

density of test/optical density of control x 100 

2.7. Determination of anticoagulant activity of Triphala, its ingredient and TSNPs 

  Anticoagulant activity was determined by prothrombin time determination assay [16]. The prothrombin time is a 

one stage test based upon the time required for a fibrin clot to form after the addition of tissue factor (TF) 

(historically known as tissue thromboplastin), phospholipid and calcium to decalcified, platelet poor plasma. 

‘Thromboplastin’ is a plasma protein, aiding blood coagulation through catalyzing the conversion of prothrombin to 

thrombin. This reagent activates the extrinsic coagulation pathway. Thromboplastin contains significant amounts of 

tissue factors (TF) and phospholipid [16].  

Fresh human blood was collected, was mixed with one part of tri-sodium citrate and was immediately centrifuged at 

2000 rpm for 15min. The plasma was collected in separate test tubes. 50µl of each test sample was added to 0.3ml of 

plasma in separate tubes. A control tube with only 0.3ml plasma was also maintained. All tubes were capped and 

were warmed at 37°C for 5min. To these tubes, 0.2ml of the prewarmed (37°C) thromboplastin reagent was added 

and the stopwatch was started immediately. As soon as the 1st fibrin strand was visible the stopwatch was stopped, 

and the time was recorded in seconds. The Prothrombin Time (PT) was measured as the clot in the plasma was 

formed. The PT for the test samples was compared with the control samples to determine whether the Triphala 

extract, its ingredients and Triphala-silver nanoparticle are effective in increasing the time taken for clot. 
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III. RESULTS AND DISCUSSION 

3.1 Synthesis & Characterization of triphala-silver nanoparticles 

It is well known that silver nanoparticles exhibit yellowish brown color in aqueous solution due to excitation of 

surface Plasmon vibrations. As the Triphala extract was mixed in the aqueous solution of the silver ion complex, it 

started to change the color from light brown to dark brown due to reduction of silver ion which indicated formation 

of silver nanoparticles. The nanoparticles were characterized by UV-Visible spectroscopy. Absorption spectra of 

TSNPs formed in the reaction mixture showed an absorbance peak at 420 nm, and broadening of peak indicated that 

the particles are polydispersed. The size of the Triphala silver nanoparticles was found to be around 200nm. 

 

                              Figure 1: Color change indicating synthesis of Nanoparticles 

 

Figure 2: SEM micrograph of Tiphala-Silver nanoparticles synthesized 
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Figure 3: UV-VIS analysis of obtained triphala-silver Nanoparticles (TSNPs) 

 
 

3.2 Antibacterial activity 

It was seen that all the samples showed clear zone of inhibition against all the tested micro-organisms. TSNPs 

displayed maximum antibacterial activity followed by aqueous extract of triphala, individual ingredients of triphala 

and lastly silver nanoparticles. Triphala contains 3 different medicinal fruits; T.bellerica, T.chebula, E.officinalis in 

equal proportions. The enhanced antibacterial activity of triphala could be due to the additive or synergistic effects 

of the three fruits together. Use of nanoformulations of triphala leads to increase in bioactivity of Triphala by 

reducing the size of particles, resulting in improved solubility and enhanced chemical reactivity. This could be the 

reason behind the maximum activity of TSNPs as compared to the other samples. 

Table 1: Results of antibacterial activity by agar well diffusion method 

 

Micro-organism AgNO3 
Triphala 

extract 

Triphala-silver 

nanoparticles 

Harda 

extract 

Behada 

extract 

Amla 

extract 

 Zone of inhibition (mm) 

Escherichia coli 13 18 25 16 17 24 

Salmonella para typhi A 0.0 17 23 20 21 12 

Salmonella para typhi B 13 27 29 18 20 24 

Salmonella typhimurium 0.0 18 24 17 20 20 

Shigella 18 31 40 21 34 35 

Streptococcus pyogen 6 26 28 17 25 22 
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3.3 Antioxidant activity  

The total antioxidant capacity of Triphala, its individual ingredients and Triphala-silver nanoparticles was 

determined by using the phosphomolybdenum method. This assay is based on the reduction of Mo(V) to Mo(V) in 

the presence of antioxidant compound results in the formation of colored complex at acidic pH,  resulting that Amla 

powder has the highest antioxidant activity followed by Harda, TNSPs, Triphala and Behada. The overall 

antioxidant activity is attributed to its polyphenolic and other phytochemical constituents. The improved antioxidant 

activity of TSNPs as compared to triphala could be due to the enhanced chemical reactivity of the nanoformulation. 

 

Figure: 4: Results of antioxidant activity by phosphomolybdenum assay. Color change after incubation at 

95°C for 90 min 

 

Figure 5: Comparison of antioxiadant activity of extract of Triphala, its individual ingredients and Triphala-

silver nanoparticles 
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3.4 Anti-Inflammatory Activity 

Both Triphala aqueous extract and Triphala-silver nanoparticle exhibited strong anti-inflammatory response. The 

anti inflammatory activity of TSNPs and triphala was concentration dependent.  As showed in figure 7 at 1000 and 

50  concentration TSNPs showed a protection of 84.27% and 71.92% respectively whereas triphala showed a 

protection of 73.04% and 35.96% respectively. 

Thus both Triphala aqueous extract and TSNPs exhibit capacity of membrane stabilization of HRBC and hence are 

anti-inflammatory. However TSNPs had more anti-inflammatory activity than Triphala extract. Though the exact 

mechanism of the membrane stabilization by the extract and nanoparticle is not yet known; the increase in aqueous 

stability and permeability through biological membrane due to the reduction in the size of the TSNPs may be 

responsible for its enhanced anti-inflammatory activity [15]. 

 

Figure 6: Hypotonicity induced HRBC membrane stabilization test. A comparative measures of % of 

hemolysis of HRBC 

 
Figure 7: A comparative measures of % protection of HRBC membrane given by extract of Triphala, 

Triphala-silver nanoparticles and diclofinac. 



 

1704 | P a g e  
 

3.5 Proteinase inhibitory activity  

The aqueous extract of Triphala and TSNPs exhibited proteinase inhibitory activity. At 1000μg/m and 50μg/ml 

concentration the Triphala extract showed an inhibition of 63.49% and 11.11% respectively whereas TSNPs showed 

an inhibition of 78.83% and 14.81% respectively. Standard diclofinac sodium shows a 98.41% inhibitory activity at 

100μg/ml concentration. Thus this increased proteinase inhibitory activity of the TSNPs may be preventing the 

release of potent serine proteases from the lysosomal granules thus aiding in its anti-inflammatory activity. 

 

Figure 8: Graphical representation of proteinase inhibitory action of Triphala extract, Triphala-silver 

nanoparticles and standard diclofinac 

3.4 Anticoagulant activity 

The prothrombin time for all samples was determined. It was found that after addition of uniplastin reagent in all test 

samples the clot formation was delayed upto more than 23 seconds (control) which is average time for human 

plasma clotting process. Triphala and TSNPs showed comparable delay in clot formation followed by Harda, 

Behada and Amla. Thus, results indicate that both Triphala and TSNPs can help in preventing platelet aggregation, 

thereby thinning consistency of blood. 

Table 2: Results of anticoagulant activity 

Sample Plasma  

(ml) 

Sample  

(µl) 

Thromboplastin 

reagent  

(ml) 

Time taken for clot 

formation  

(seconds) 

Control 0.5ml - 0.2 ml 23 

Amla 0.5ml 50 µl 0.2 ml 38 

Harda 0.5ml 50 µl 0.2 ml 82 

Behada 0.5ml 50µl 0.2 ml 63 

Triphala extract 0.5ml 50 µl 0.2 ml 110 

Triphala-silver 

nanoparticle 0.5ml 50 µl 0.2 ml 109 
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Figure 9: Results of anticoagulant activity 

 

IV. CONCLUSION  

Green synthesis of Triphala-silver nanoparticles was done and its antioxidant, anti-inflammatory, anticoagulant and 

antibacterial activity was compared with apueous extract of Triphala and its individual ingredients. It was found that 

Triphala-silver nanoparticles (TSNPs) had higher antioxidant, anti-inflammatory and antibacterial activity as 

compare to aqueous extract of Triphala and its individual ingredients. Anticoagulant activity of TSNPs and Triphala 

aqueous extract were comparable.  

These results indicate that the nanoformulation of Triphala improved the therapeutic efficacy of Triphala. This 

improved efficacy could be due to a decrease in size of particles from the micron to the nm range resulting in 

increased surface area to volume ratio. Such nanoparticles are chemically more reactive and have amplified 

dissolution rate thus addressing issues associated with poor solubility. Thus nanoparticle formulation strategies 

provide a means to develop a new drug delivery system with improved therapeutic outcome and addressing unmet 

medical needs. 
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