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ABSTRACT 

Background: Tinospora cordifolia is an illustrious medicinal herb in Indian traditional 

ayurvedic medicine because of its substantial medicinal properties. It is reported that Tinospora 

cordifolia has been used to cure for many ailments by traditional medicinal practitioners. It is 

captivating that, in this contemporary world Tinospora cordifolia is being used to retain good 

immune health. Materials and Methods: The objective of this research is to demonstrate the 

immune enhancing activity of AmruthMune a standardized extract of T. cordifolia extract with 

Tinosporin. MTT assay, NO assay, H2O2 assay, Phagocytosis assay, ELISA, and western 

blotting experiments were conducted in this study to understand the efficacy and its basic 

molecular mechanism. Results:  Quantitative HPLC analysis determined that the AmruthMune 

a standardized Tinospora cordifolia extract comprise of active principle Tinosporin (1%). In 

addition, AmruthMune treatment dramatically improved the phagocytosis and secretion of 

H2O2 NO, TNF-α, and IL-6 in macrophage cells. Furthermore, consequences of western blot 

experiments demonstrated that AmruthMune treatment activates p-ERK, p-p38 and p-JNK. 

Conclusion: Collectively, these results exhibited MAPK signalling pathway involved in 

AmruthMune elicited macrophage activation and it could be a promising functional food in 

immune modulation. 
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INTRODUCTION 

Body’s immune system is comprised of a complicated association of tissues, cells and organs 

which assist to defend the host from the harmful elements such as parasites, bacteria, fungi, 

viruses, and cancer cells.1 Immune system gets triggered, when it finds outside factors or the 

stimuli which immune system believes the deleterious substance and termed it as antigen. Host 

generates immune response when it encounters with the antigen through signalling between 

the two different cells.2 Immune system is comprised of two types of immune response: innate 

and adaptive. It is widely understood that the innate immune system made up of functionally 

diverse mechanism and offers the first line of defence through skin, mucous membranes, or 

inflammatory components cytokines, and interferons. The adaptive immune response is 

specific and linked with memory, after exposure to an antigen, examples of cells in the adaptive 

immune response are B cells and T cells. Immune system plays significant role in keeping the 

host healthy, when immune system is weak it results in more susceptibility to diseases and is 

also involved in tumour development.3-5 Immunomodulators are the substances that may 

modulate and strengthen the immune system, keeping it particularly prepared for any menace. 

However, the unpleasant effects of presently used synthetic immunomodulatory agents have 

stemmed in an increasing significance in the discovery of new, natural compounds without 

having damaging effects with anti-infectious and immune boosting property.6 Several 

medicinal plants have shown an immune stimulatory activity via activating immune cells, 

encouraging cytokines production, and monitoring the immune system in in vitro and in vivo 

models.7-8 Tinospora Cordifolia is an herbaceous climber belongs to family Menispermeace 

and is being used traditionally to combat illness conditions like fever, jaundice, skin infections, 

diabetes asthma, skin disorders, leprosy, and diarrhoea by traditional medical practitioners. T. 

cordifolia is a rich source secondary metabolites like alkaloids, sesquiterpenoid, glycosides, 

phenolic compounds, steroids, and polysaccharides.9-11 Ministry of AYUSH, Government of 

India incorporated T. Cordifolia in the proposed alternative medicine to improve immunity.  It 

has been reported that raw material samples of T. cordifolia available in the market are 

frequently found to be contaminated with other species of Tinospora like T. sinensis. These 

adulterated samples are missing from the active compounds like Tinosporin and Berberine. It 

has been reported that Tinosporin a diterpenoid has exhibited antiviral activity against HIV and 

Herpes simplex Virus (HSV) and other viruses and these viruses steadily diminishes the 

immune system.12,13 Therefore, by considering we undertook the present investigation to 

evaluate the Immunomodulatory activity of AmruthMune a standardized extract containing 1% 

Tinosporin.  

MATERIALS AND MATERIALS 

Berberine chloride, Tetrahydropalmatine, Magnoflorine, 20-Hydroxyedysone, Palmatine 

chloride are used as reference standards. The reagents and solvents used were of analytical and 

HPLC grade. DMEM medium were bought from Sigma Aldrich.  FBS was procured from 

Gibco BRL (Thermo Fisher Scientific), LPS, antibiotic penicillin–streptomycin solution. All 

reagents and solvents used were of analytical and HPLC grade. (3-4,5-Dimethylthiazol-2-yl)-



 

 

2,5-diphenyltetrazolium bromide (MTT), Lipopolysaccharide (LPS), antibiotic penicillin–

streptomycin solution and Primary antibodies phospho-p38 mitogen-activated protein kinase 

(MAPK), p38, phosphor-stress-activated protein kinase/Jun amino terminal kinases(p-JNK), 

JNK, phospho-ERK and ERK).  

Standardized extract preparation 

The stem part of Tinospora cordifolia were collected locally in Bengaluru, India, the samples 

were air-dried until it achieves steady weight. The five hundred grams of powdered material 

was then refluxed in 3.5 liters of 50% (v/v) hydro alcohol using three necked round bottom 

flask for 3-4 hr at temperature of 65-68°C. The mixture was filtered utilizing gauze cloth and 

the final filtrate was concentrated using a rotary evaporator under reduced pressure into slurry 

which was dried up additionally in oven to get complete dry extract, the yield of dry extract 

was 50gm. Further 50gm of dried extract was soaked in 500 ml of 95% alcohol and stirring 

constantly for 1 hr in room temperature, filtered the extract using filter paper and concentrated 

the filtrate in a rotary evaporator under vacuum, yield of the dried extract was 5.0 g.  

Method of analysis 

The quantification of alkaloids was carried out on a Shimadzu LC2030 C Prominence-i (Japan), 

Kinetex C-18 column (100 Aº, 250 mm × 4.6 mm, 5 μm pore size) was used for separation. A 

low-pressure differential is used to elute the mobile phase using 0.1% formic acid in water and 

acetonitrile, in the ratio (9:10) with time 20min  with flow rate of 1.0 ml/min and 10 μl of 

injecting volume. The column was kept at 30°C  until the completion of analysis, and the 

wavelength was set to 215 nm. 100% methanol was used as a diluent for HPLC analysis, and 

overall run time required was 20 min.  

Cell culture and treatment 

RAW264.7 a murine macrophage cells were purchased from NCI Pune and were continued to 

grow using cell culture medium DMEM containing 100 U/ml penicillin and 100μg/ml 

streptomycin antibiotic solution, 10% fetal bovine serum at 37°C under a humidified 

atmosphere of 5% CO2.  

Cell viability assay 

MTT assay was carried out to assess the effect of AmruthMune on the viability of macrophage 

RAW264.7 cells by adopting the method.14 In brief, 2×104 cells were set on 96-plate and 

incubated for 12-14hr. Then, cells were treated with varying concentration of AmruthMune 

(50-500µg/mL) for 24 hr. After 24 hr, DMEM media containing MTT solution (1 mg/ml) were 

added to wells and incubated for additional 4-5 hr. After incubation cell culture media was 

withdrawn, to dissolve formazan crystals, 100μl of DMSO was used. Then, the absorbance was 

read at 570 nm using Multiscan EX. 

Measurement of NO level 

Amount of NO secreted from RAW264.7 cells was measured by Griess assay. Briefly, 2×104 

cells were placed in 96 well plate for 18 hr. Subsequently, cells were exposed with two different 

concentrations (50 and 100μg/mL) of AmruthMune and incubated for 24 hr. After 24 hr, equal 



 

 

volume of the cell culture supernatants and Griess reagent was mixed and 15-min incubation 

at room temperature was carried out. After 15 min, the optical density was read at 540 nm using 

Multiscan EX. 

Measurement of H2O2 release assay 

Assay was carried out by adopting the protocol as described in.15 In brief, 2×104   cells were 

plated in 96-well plates and exposed with various concentrations of AmruthMune. Assess the 

H2O2   release equal volume of cell culture supernatant of AmruthMune treated cells were 

mixed with phenol red solution in an equal volume and incubated for 3hr. finally, the reaction 

was terminated by simply adding 10µl of 1N NaOH solution. The OD was read at 620nm, the 

concentration of H2O2 determined from the standard curve of H2O2 (0-50 μM). 

Phagocytosis assay (Neutral Red Uptake Assay) 

The ability of phagocytosis was determined by adopting the method neutral red uptake assay.16 

After cells were treated with AmruthMune (at two different concentrations) and LPS (1 µg/mL) 

for 24 hr, 100μl of 0.075% neutral red solution was added and kept it in incubator for 1 hr, 

plates were washed out with PBS twice remove the dye subsequently cell lysis solution 

comprised of acetic acid and anhydrous alcohol in equal volume was added and the OD was 

measured at 540nm. 

Cytokine assays 

For the cytokine assay, RAW264.7 cells were seeded on a 6-well plate at a density of 0.8*106 

cells/well and treated with AmruthMune ((50 and 100 µg/mL)) and LPS (1 µg/mL) for 24 hr. 

As per the manufacturer instructions, TNF-α and IL-6 levels were determined in RAW264.7 

cells using ELISA assay kits (Krishgen). 

Western blot analysis 

The RAW264.7 cells were treated with various concentrations of AmruthMune. The positive 

control group was LPS only (1μg/mL). Cell lysates were prepared using RIPA buffer. The 

concentration of protein was determined by Bradford assay (Biorad). Separation of equal 

amounts of protein loaded on 10% sodium dodecyl sulphate–polyacrylamide gel was 

performed and then transferred onto PVDF membranes. After blocking with skimmed milk, 

the membrane was probed with the primary antibody against p-p38, p-JNK and p-ERK 

obtained from Santacruz, and horseradish peroxidase-conjugated secondary antibodies. Signals 

were caught with the enhanced chemiluminescence (ECL) kit. 

Statistical analysis 

The data of the experiments are expressed as a mean ± standard deviation. Using GraphPad 

Prism 5.0, we carried out an ANOVA and Tukey's Multiple-Comparison test to ascertain the 

statistical significance. Significant differences were examined at p < 0.05  

RESULTS  

HPLC analysis 



 

 

We were able to confirm the peak identification for Tinosporin, Berberine chloride, 

Tetrahydropalmatine, Magnoflorine, 20-Hydroxyedysone, Palmatine chloride standards and 

samples to be at 8.156, 6.508, 6.035, 5.124, 5.690, 6.410 and 8.183, 6.50. As shown in Figure 

1. The achieved percentage assay of each individual alkaloids in Tinospora cordifolia extract 

is as shown in Table 1. 

 

Figure 1: 

Optimised HPLC Chromatograms of blank, standard, and sample. 

Table 1: 

Percentage of alkaloids content in Tinospora cordifolia sample. 

Name of the compound                   Assay reached (%) 

Tinosporin 1.22 

Berberine chloride 1.16 

Tetrahydropalmatine Not detected 

Magnoflorine 0.81 

20-Hydroxyedysone 0.41 

Palmatine chloride 0.12 

 

 

 



 

 

Effect of AmruthMune on the cell viability and Nitric Oxide production 

Initially, we attempted to ascertain the non-cytotoxic concentration of the AmruthMune a 

standardized T. cordifolia extract comprising of 1% tinosporin. Find out whether AmruthMune 

affects cell viability, we conducted the MTT assay. We observed that AmruthMune did not 

affect cellular proliferation up to the concentration of 400μg/mL whereas at higher concertation 

AmruthMune showed moderate toxicity (Figure 2A). Nitric oxide (NO) plays a key role in 

immune responses as a physiological messenger. Study the outcome of AmruthMune on 

production of NO in macrophages, we determined the nitrite (NO2) levels in cell culture 

supernatant. Interestingly we observed significant enhancement in the production of NO at the 

concentration of 100μg/mL of AmruthMune (Figure 2B) which is equivalent to LPS (positive 

control). 

 

Figure 2: 

Effect of AmruthMune on cell viability and production of nitric oxide (NO). Various 

concentration of AmruthMune were incubated with RAW 264.7 cells for 24 hr, cell viability 

was measured based on MTT assay (A). Griess reaction was used to determine NO levels in 

the culture media (B). Data represent means ± standard error of the mean of three independent 

experiments. ***p < 0.0001, significant as compared to the control group. 

Influence of AmrutMune on the H2O2 production of macrophages 

We have noticed the release of H2O2 found to be concentration dependent, at the concentration 

of 50 and 100 μg/mL the release of H2O2 was 21.66 and 29.74 μM respectively (Figure 3A). 

Whereas LPS (1μg/mL) treated cells showed 29.74 μM (positive control). 



 

 

 

Figure 3: 

An evaluation of the effects of AmruthMune on H2O2 release and phagocytosis of 

RAW264.7 cells. Data presented as "mean ± standard error" from three independent 

experiments. ***p < 0.0001, significant as compared to the control group. ##p< 

significant compared to control group. 

Influence of AmruthMune on the phagocytosis of RAW264.7 cells 

It is demonstrated that macrophages are key phagocytes, macrophages offer defence against 

pathogens entered through phagocytosis. Influence of AmruthMune on the phagocytosis of 

murine macrophages RAW264.7 cells were exhibited in Figure 3B. Optical density of 

AmruthMune extract treated macrophage cells significantly higher than the normal control 

group. AmruthMune treatment at the concentration of 100µg/mL would be able to enhance the 

level of phagocytosis which is almost equivalent to LPS treated RAW 264.7 macrophages. 

Impact of AmruthMune on the macrophage's secretion and expression of cytokines 

TNF-α and IL-6 are the major proinflammatory cytokines secreted by macrophages. Hence, 

the influence of AmruthMune on the cytokines production in RAW 264.7 cells were 

determined using the cell culture media by ELISA. As presented in Figure 4, the secretion of 

cytokines TNF-α and IL-6 were enhanced considerably in the presence of AmruthMune. At the 

concentration of 100µg/mL, TNF-α (Figure 4A) and IL-6 (Figure 4B), in the cell culture media 

of treated RAW 264.7 cells were higher than LPS-treated cells. These data indicate that the 

cytokine secreting effect of AmruthMune are found to be effective compared to untreated RAW 

264.7 cells.  



 

 

 

Figure 4: 

AmrutMune induced TNF-α and IL-6 production in murine macrophages RAW264.7 

cells treated with AmrutMune (50 and 100 μg/ml). Data represent the mean ± standard 

error of three experiments. ***p < 0.0001, significant as compared to the control group. 

##p< significant compared to control group. 

Effect of AmruthMune on MAPK signaling pathways of RAW 264.7 macrophages 

We have assessed the effect of AmruthMune on MAPK signalling pathway using western blot 

experiments. As exhibited in Figure 5 AmruthMune treatment elicits the phosphorylation of all 

the three, ERK, JNK and p38 (MAPKs). It is noticeably clear that AmruthMune at the 

concentration of 100μg/mL phosphorylates ERK, JNK and p38, whereas no changes observed 

in the total basal form of ERK, JNK and p38. It is noticeably clear from the study that 

AmruthMune activates MAPKs, and the levels of MAPKs were almost equivalent to LPS 

caused phosphorylation. 



 

 

 

Figure 5: 

Effects of AmrutMune on MAPK signalling pathway in RAW 264.7 cell. The protein 

expression levels of ERK1/2, p-ERK1/2, JNK, p-JNK, p38 and p-p38 were identified 

based on their antibodies. Data were expressed as mean ± SD (n = 3). Significant 

difference from the control group was designated as * p < 0.05,  ** p < 0.001, ** p < 

0.0001. 

DISCUSSION 

The whole plant T. cordifolia is reported to possess antioxidant, antiarthritic, antidiabetic, anti-

inflammatory, antiulcer, weakness, dyspepsia, fever, inflammation, jaun-dice, urinary, skin. 

Fascinatingly that the annual consumption of T. cordifolia in the Indian System of Medicines 

is 1,000 tonnes.17-19 Initially we conducted simple extraction procedure to confirm the presence 

of berberine a biomarker compound of T. cordifolia. Further, we have determined the 

cytotoxicity of AmruthMune a standardized extract of T. Cordifolia on the RAW264.7 

macrophages, the results ascertained that AmruthMune did not show toxic effects on 

macrophages. Based on this, successive studies were conducted by choosing the safe 

medication dose of AmruthMune i.e., 50 and 100μg/mL.   

NO was found to be a critical component of the immune system. There is evidence to support 

the secretion of NO by macrophages exhibited antipathogen and antitumor activity.20-21 

Therefore, NO measurement can reflect the effects of AmruthMune on immune stimuli, which 

could be used as a quantitative marker of macrophage activation. Previous studies have 

reported that the various types of extracts of T. Cordofolia are proved to enhance the phagocytic 

activity of macrophages and it also increases the activation rate of macrophages.22-23 The 

enhancement of phagocytosis is the distinctive feature of macrophage activation, the 

stimulation of macrophages enables the production of a variety of immunomodulatory 



 

 

substances involving cytokines, such as TNF-α and IL-6 triggering an array of innate immune 

responses to invading pathogens.24 

Int this study, AmruthMune demonstrated macrophages stimulation and the effect was 

comparable with LPS, AmruthMune enhanced the production of IL-1β and IL-6 in murine 

macrophages at the concentration of 100µg/mL. These findings suggest that AmruthMune had 

a strong immunomodulation effect on macrophages in vitro. Our results were coherent with the 

earlier published studies showing macrophage activation by LPS.25 Understand the mechanism 

behind the activation of pro-inflammatory cytokines and increased production of NO. We 

evaluated effect of AmruthMune on activation of MAPK signalling pathway. It has been 

reported that mitogen activated protein kinase (MAPK) plays a key role in innate and adoptive 

immune response.26-27 Studies in connection with the immunomodulating materials reported 

they trigger macrophages via MAPK pathways.28-29 In our investigation we also found that the 

phosphorylation of ERK, JNK and p38 upon treatment with AmruthMune a standardized 

extract of Tinospora Cordifolia which is almost equal to LPS, the above results revealed the 

molecular mechanisms of AmruthMune in the activation of MAPK pathways in murine 

macrophages. Results were in line with previously published studies.30-31  

CONCLUSION 

In conclusion, AmruthMune helped the maturation of macrophages without toxicity, 

encouraged NO and H2O2 production in RAW 264.7 macrophages and elicited the cytokines 

TNF-α and IL-6 related to pro-inflammation. Interestingly we also observed that all three 

MAPK pathways have been linked with macrophage activation. The above results suggest that 

AmruthMune is potential immune-stimulating standardized extract. Therefore, AmruthMune 

can be used in the food or pharmaceutical industry. However, more detail in vivo study is 

necessary to ensure its benefits. 
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SUMMARY  

In Indian ayurvedic medicine, Tinospora cordifolia is regarded highly as a therapeutic herb 

due to its insightful therapeutic properties. In this study we have demonstrated the immune 

enhancing activity of AmruthMune a standardized extract of T. cordifolia extract with 

Tinosporin by conducting the appropriate  experiments to understand the efficacy and its basic 

molecular mechanism. AmruthMune a standardized extract of T. cordifolia extract showed 

immune stimulatory activity by stimulating macrophage activation and it could be a promising 

functional food in immune modulation. 
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