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Abstract 

Oxidative stress is associated with a variety of disorders, diseases as well as natural 

aging process thus making antioxidant discovery is of medical relevance. In the 

present study, we report the simultaneous antioxidant as well as bio-imaging activities 

of a fluorescent extract (fluorophore) obtained from tasar silk cocoons of silk moth 

Antheraea mylitta. Using a nanocarrier-based strategy, we could able to localize the 

fluorophore in the cytosol of cardiomyoblast cell line H9c2 without any alterations to 

cellular morphology. In search of additional uses of the fluorophore beyond bio-

imaging, we evaluated the antioxidant efficacies of the fluorophore against hydrogen 

peroxide-induced oxidative stress. Using microscopic, flow-cytometry and ELISA based 

studies; we observed that the silk fluorophore ameliorated hydrogen peroxide-induced 

reactive oxygen species (ROS) levels and oxidative stress. Moreover, enhanced levels 

of endogenous antioxidant enzymes also observed in fluorophore pre-treated cells 

during oxidative stress. This resulted in significant reduction of oxidative stress-induced 

cell death. Our cumulative results suggest concomitant antioxidant and bio-imaging 

activities of naturally occurring silk fluorophore. Given that tasar silk fluorophore has 

never been isolated from cocoons in silk textile industry; further commercial exploration 

will provide economic support to the silk farmers. 
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Introduction  

Over the years silkworm silk has obtained a prestigious position in textile industry and 

recently in biomedical research1,2. Apart from these sectors, this biomaterial possesses 

properties like carbon dioxide gating, thermo-regulation, humidity barrier, photo-

protection and bioelectricity generation3-7. More recently heavily nitrogen doped 

graphene material has been derived from the silk cocoon shell, which find applications 

in bio-imaging and supercapacitor development8,9. One interesting and commercially 

less explored feature of silk cocoon is its inherent fluorescence rendered due to 

presence of flavonoid and carotenoid compounds10. These fluorescent compounds 

(Figure 1) are believed to be the silkworm gut modified products of the precursor 

compounds found in the leaf diet of silkworm11-15. Recent studies have shown that 

these flavonoid derivatives provide UV shielding abilities to the cocoon16. At present, 

these fluorophores are being wasted during silk processing in silk textile industry. The 

scientific and commercial exploitation of such natural compounds could open up new 

business avenues for this ancient industry.  

 

Figure 1. Silk fluorophore extracted from cocoons is the larval gut stored/modified 

version of plant pigments. Quercetin is found in the leaves of plants which are diet of 

wild silk larvae, such as Antheraea mylitta.  
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Recently, we reported a novel protocol for extraction of fluorophore from tasar 

silk cocoons of silk moth Antheraea mylitta10. Previously, similar fluorescent compounds 

have been extracted from cocoons of Bombyx mori. Based on the reports these 

fluorophores consists higher concentrations of flavonoid quercetin and/or its glycoside 

derivatives17-19. Quercetin and glycosylated quercetin are major representatives of 

flavonol subclass of flavonoids and represent 60-75% of dietary flavonoid intake of 

silkworm20. Quercetin (3,3′,4′,5,7-pentahydroxyflavone) is a member of the bioflavonoids 

family and one of the most widely distributed dietary polyphenolic compounds in foods 

including red wine, apple, onion, grapefruit, tea, broccoli, spinach and beans20,21. 

Several animal and human studies have provided evidence that quercetin possesses 

antioxidant, anti-atherogenic, anti-inflammatory, anti-coagulative, and anti-hypertensive 

properties22-27. In general, an antioxidant works with either or combination of following 

mechanisms in order to reduce the oxidative stress. These three mechanisms are 

reduction of free radical, chelation of metal ion and stimulation of cellular endogenous 

antioxidants28-30. Interestingly, there are reports that suggest quercetin has potential to 

follow all these mechanisms making it a very potent antioxidant31-33. Extensive research 

is being carried upon several systems to understand the molecular mechanism 

underlying its cellular action34-39. But all of the studies focus only one aspect of this 

potentially multi-purpose molecule. No records were fetched on the simultaneous dual 

use of fluorescent extract of silk cocoons for bioimaging and antioxidant activity.  In 

this study, we decided to explore the mammalian cell antioxidant activity of tasar silk 

cocoon fluorophore. 

Mammalian heart is highly an oxidative organ40. Therefore oxidative stress is 

believed to be the major cause of many cardiac dysfunctions such as myocardial 

hypertrophy, atherosclerosis and even in heart failure41-44. Being so, in the near past, 

extensive attempts were made to localize various antioxidants inside the mammalian 

cells. Few most common strategies include liposome mediated and nanoparticles 

mediated delivery45-47. But the most common problems faced by all these strategies 

were tedious sample preparation, toxicity due to residual organic molecule and cellular 

endosomal degradation of antioxidants resulting in demolished antioxidant activity48-50. 
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In the current study using a nanocarrier-based strategy, N-TERTM, we report the 

enduring localization of this fluorophore in the cytosol of mammalian cardiomyoblast 

cell line H9c2. This localization resulted in efficient fluorescent bio-imaging of cytosol 

similar to commercial available dyes. Since the fluorophore is rich in flavonoids, we 

also assessed the antioxidant potential of the cytosol localized fluoropore against H2O2-

induced oxidative stress. The tasar silk cocoon fluorophore significantly ameliorated 

hydrogen peroxide-induced ROS (reactive oxygen species) levels and apoptotic cell 

death. Interestingly, tasar silk cocoon fluorophore also enhanced endogenous 

antioxidant levels. These results highlight the dual properties of bio-imaging and 

antioxidant capacities of naturally occurring tasar silk cocoon fluorophore in mammalian 

cells. To our knowledge, tasar silk cocoon fluorophore is the first naturally isolated 

extract to be used for simultaneous bio-imaging and antioxidant activities. 

 

Results and discussion 

Extraction and qualitative analysis of tasar silk cocoon fluorophore 

We were able to extract 5 mg fluorophore per gram of tasar silk cocoon. There was 

no change in the color of aqueous fluorophore solution after addition of concentrated 

H2SO4 however after addition of 20% NaOH, the sample turned to dark yellow and 

this color disappeared after addition of concentrated HCl. These experiments states 

that tasar silk cocoon fluorophore extract has higher flavonoid concentration51.  

Determination of the major component of the fluorophore 

We compared the properties of pure quercetin and extracted fluorophore since 

quercetin is abundant in diet of tasar silk larva. UV-Vis spectra demonstrated a strong 

absorption in the region 220 nm – 250 nm (Figure 2A). Most of the phenolic 

compounds absorb light in this range52. Based on this absorption maxima, we 

measured the emission spectra of both fluorophore and quercetin. In comparison to 

quercetin, extracted fluorophore showed very high fluorescence intensity (Figure 2B). 
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Also when we exposed both the solutions to UV-A light, we observed very intense 

yellowish-green fluorescence of fluorophore while quercetin had a very less orange 

fluorescence (Figure 2C). Previously researchers have reported similar yellowish-green 

fluorescence of quercetin 5-O glucoside16.  Further FPLC studies revealed presence of 

more than one compounds in the fluorophore. According to the chromatogram of pure 

quercetin, it is possible that extracted fluorophore may contain quercetin along with 

other components (Figure 2D). Several studies in the past demonstrate similar results 

where silk larvae consumes quercetin rich diet and secretes silk along with quercetin 

and/or quercetin derivative/s53-55. The peaks p, q, r, s observed in chromatogram of 

fluorophore were collected separately and later used for mass spectrometry (Figure 

2D).    
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Figure 2. Comparative analytical studies between standard quercetin and tasar silk 

cocoon fluorophore. A. UV-Vis absorption spectra showing a common peak at 230 nm. 

B. Fluorescence emission spectra of both quercetin and fluorophore excited at 230 nm. 

C. Optical fluorescence in UV-A light. D. FPLC chromatogram showing presence of 

more than one compounds in the fluorophore. 

Fourier transform infrared (FT-IR) spectroscopy of both quercetin and fluorophore 

showed similar absorbance pattern (refer supplementary information). This analysis 

supported the presence of aromatic compounds in the fluorophore (Figure S1). In 

addition to this we observed similar peaks at m/z 111 and 301 in all the mass spectra 

representing fragmented catechol and quercetin moiety (Figure 3)56-58. This fluorophore 

is isolated from silk cocoons of moth Antheraea mylitta. The primary host plant for this 

silk moth is Terminalia arjuna which is enriched with flavonoid, quercetin59,60. According 

to a recent study, quercetin fluoresce yellowish green color only when it is O-

glycosylated at C5 position16. The silk cocoon fluorophore which we extracted also 

showed similar fluorescence properties. With support of these evidences and 

spectrometry data, we predict that this fluorophore has higher concentration of 

quercetin and/or quercetin derivative/s with a possibility of presence of other 

fluorescent compounds. 

 

 

Page 8 of 32RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



Figure 3. Mass spectra of pure quercetin and peaks obtained from FPLC showing 

similar peaks at 301. 

Silk fluorophore localized in the cytoplasm  

Silk fluorophore is not directly taken up by the mammalian cells. To overcome this, we 

have used N-TER™ based strategy to facilitate fluorophore uptake by H9c2 cells. It is 

a nanoparticle siRNA transfection system based on a peptide transfection reagent 

specifically designed for efficient delivery of siRNAs into a variety of cell types 

including primary, neuronal, differentiated, and non-dividing cells. Using 2:1 mixture of 

fluorophore with N-TER™, we could successfully localize fluorophore inside H9c2 cells. 

Intense green fluorescence was observed significantly in the cytoplasm of H9c2 cells 

(Figure 4 A-F). Two control cell groups were used in this experiment, one with only 

N-TER™ (no fluorophore, control 1) and other with only fluorophore (no N-TER™, 
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control 2) while the test cells were treated with both N-TER™ and fluorophore. No 

significant fluorescence was observed in both the control groups. Fluorescence was 

observed only in the test cells treated with both N-TER™ and fluorophore. Random 

distribution of silk fluorophore was observed in the cytoplasm and non-specific to any 

organelle. Microscopic examinations revealed that cytosolic localization of fluorophore 

does not alter in cell morphology and cell death (Figure 4C, F). The commercially 

available live cell cytosol staining dyes such as Calcein-AM, BCECF-AM, 

Carboxyfluoresceinsuccinimidyl ester (CFSE), and Fluorescein diacetate (FDA) are 

dependent on intracellular esterases for conversion into fluorescein analogs with green 

fluorescence. These fluoroscein ester dyes have disadvantages of rapid cellular efflux, 

dependent on intracellular pH and interfering with cellular functions61,62. In contrast, the 

silk fluorophore efficiently stained H9c2 cells and did not alter any cellular morphology. 

Owing to endogenous fluorescence activity, silk derived protein biomaterial matrices 

including hydrogels, foams, ropes and films are biocompatible and have found 

widespread use in tissue engineering and restoration applications2. In this regard, the 

cocoon-derived silk fluorophore represents a green chemistry-derived biocompatible 

natural product with extended fluorescence suitable for studying several cellular events. 

In corroboration, our present results also demonstrate that silk fluorophore can be 

efficiently used as a cytosol staining dye without any side effect. 
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Figure 4. Glowing antioxidant, N-TER™ mediated cellular uptake of silk fluorophore into 

the cytosol of H9c2 cells. Upper panel (A,B,C) representative phase contrast images 

while lower panel (D,E,F) represents fluorescent microscopic images. No fluorescence 

was observed in cells treated with either only N-TER™ (D) or only fluorophore (E). 

Fluorescence was observed only in cells treated with both N-TER™ and fluorophore 

(F). Red colored arrows indicate cytosolic localization of fluorophore. (Inset: Magnified 

image showing localization of silk fluorophore in cells). Scale bar 50 µm. 

Silk fluorophore scavenged ROS and ameliorated oxidative stress 

In order to find out the optimal effective dose for antioxidant activity of the fluorophore, 

we pretreated with 10, 20, 50, 100, 200 and 500 ng/ml fluorophore respectively. 

Subsequently, cells were challenged with 50 µM H2O2 which reportedly generates 

oxidative stress63 and ROS levels were measured with DCF-DA. This dye passively 

diffuses into cell and is cleaved into 2,7-dichlorofluorescein by intracellular esterase 

enzymes in the presence of intracellular ROS, and produces fluorescence. The 

fluorescence is directly proportional to ROS levels. We observed that fluorophore 

concentrations of 100 ng/ml and above concentrations significantly (p <0.001) 
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scavenged ROS levels (Figure 5). Hence silk fluorophore at 100 ng/ml concentration 

was used in all the further studies. 

 

Figure 5. Optimization of silk fluorophore dosage for optimal ROS scavenging in H9c2 

cells.  The H9c2 cells were pretreated with fluorophore dosage ranging from 10 ng/ml 

to 500 ng/ml. Total ROS levels in cell lysates were estimated using DCFH-DA method 

after 50 µM H2O2 challenge for 6 hour. The dose of 100 ng/ml showed optimal ROS 

scavenging and hence selected as minimum effective dose for further experiments.    

(* = p<0.05), (** = p<0.001). 

We next evaluated nonspecific ROS levels with CM-DCFH-DA fluorescent probe using 

flow cytometry after H2O2-induced oxidative stress. Fluorophore pretreatment resulted in 

1.7-fold (p<0.05) decrease in DCF-mean fluorescence in comparison to samples treated 

with H2O2 alone which otherwise showed 25 fold higher fluorescence in comparison to 

control cells. Similarly, cells pretreated with fluorophore alone showed near threshold 
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level of ROS. There were two populations one with diminished ROS, which had higher 

number of cells than control and second with higher DCF-fluorescence, which was 1.5 

fold higher than control cells. This could possibly be associated with the auto-

fluorescence of silk fluorophore in the same excitation range (Figure 6A).  

Further, the ROS levels were also confirmed using spectrophotometry and fluorescence 

microscopy. Spectrophotometric measurements of DCF-fluorescence showed 6.5 fold 

(p<0.01) elevation in H2O2 treated cells in comparison to the control, while silk 

fluorophore pretreatment during H2O2 stress reduced the fluorescence to 3.8-fold 

(p<0.01) below the levels of H2O2 treated cells. Silk fluorophore alone showed 

insignificant difference in comparison to control cells (Figure 6B). Microscopic 

examination revealed that H2O2 challenged cells exhibited higher DCF- fluorescence in 

comparison to control while silk fluorophore pretreated cells exhibited significantly 

reduced levels of fluoroscence (Figure 6C). Furthermore, we have also evaluated the 

specific reactive oxygen species such as hydrogen peroxide and mitochondrial 

superoxide. We determined the concentration of superoxide radicals in live cells using 

Mitosox™. Microscopy results suggest that, H2O2 treated cells had significantly higher 

fluorescence in comparison to control cells. In contrast, silk fluorophore pretreated cells 

challenged with H2O2 exhibited reduced fluorescence and thus reduced superoxide 

levels (Figure 6D). Using OxiRed™ probe based method for estimation of H2O2, we 

observed that control and silk fluorophore pretreated cells possessed 3.12 nM H2O2, 

while H2O2 challenged cells possessed 4.8 nM H2O2. This was significantly reduced to 

3.84 nM (p<0.05) upon pretreatment with silk fluorophore during H2O2 stress (Figure 

6E).  
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Figure 6. Estimation of ROS parameters in fluorophore pretreated H9c2 cells post 

H2O2 challenge. H2O2 stress results in elevated ROS levels while silk fluorophore 

pretreatment ameliorates ROS levels. A. Representative histogram overlay of DCF-DA. 

B. Spectrophotometric determination of reactive oxygen species in cells using DCF-DA. 

C. Fluorescence micrographs (20X) of cells loaded with DCF-DA showing relative ROS 
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in live cells. D. Fluorescence micrographs (20X) with Mitosox™ showing levels of 

mitochondrial superoxide (Scale bar- 50 µm). E. Hydrogen Peroxide estimation in cells 

using OxiRedTM colorimetric probe. (* = p<0.05), (# = p<0.01).  

Similar to quercetin, it is possible that silk cocoon fluorophore can also directly react 

with cellular ROS to neutralize its effect. Our present results suggest that silk 

fluorophore effectively counteracted oxidative stress and associated cell death during 

H2O2 insult. We observed normal growth in silk fluorophore pretreated cells similar to 

control cells. As mentioned earlier silk fluorophore pretreatment also promoted cell 

viability during H2O2-induced oxidative cell death. It is assumed that the observed 

antioxidant activity is responsible for ameliorating H2O2-induced oxidative cell death. 

This warrants future molecular studies to shed light on the observed effect.  

Silk fluorophore prevented H2O2-induced cell death  

Since the silk fluorophore efficiently ameliorated H2O2 induced oxidative stress, we next 

evaluated the efficacy of silk fluorophore in protecting cell viability against H2O2 -

induced cell death. We used propidium iodide (PI)-based flow-cytometry assay along 

with microscopic examination to check the cell viability. Our flow-cytometry studies 

revealed that silk fluorophore pretreatment reduced the proportion of PI+ (dead) cells 

by 6.5 fold in comparison to H2O2 treated cells. Interestingly fluorophore pretreatment 

alone did not induce any cell death (Figure 7A). Further, these observations were also 

confirmed by direct evaluation of cellular morphology under phase contrast microscope. 

Our results indicate that cells treated with H2O2 showed distorted morphology and 

decreased number of cells attached to the surface. This suggests that a significant 

fraction of H2O2 treated cells were dead. Interestingly, silk fluorophore pretreatment 

resulted in the normal morphology suggesting higher cell viability during H2O2 treatment 

(Figure 7B). All these results suggest that the silk fluorophore promotes cell viability 

during oxidative stress.  
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Figure 7. Silk fluorophore significantly reduced cells death caused by H2O2 induced 

oxidative stress. Cell death was assessed by PI staining of H9c2 cells after H2O2-

induced oxidative stress. Silk fluorophore pretreated confers protection to cells against 

oxidative stress mediated cell death A. Histogram overlays of PI fluorescence in cells 

after hypoxia insult or pretreatment with silk fluorophore. B. Phase contrast 

photomicrographs (20X) revealing the altered morphology and cell death after H2O2 

treatment (Scale bar - 50 µm).   

Silk fluorophore promote endogenous cellular antioxidant defense  

In order to evaluate the role of fluorophore on intracellular antioxidant enzyme levels 

during H2O2 challenge, we evaluated cellular glutathione status, superoxide dismutase 

(SOD) and catalase levels. We observed that total glutathione content of the cell was 

elevated to 1.2 fold in cells exposed to H2O2. Usually, this is observed as an adaptive 

A.

B.
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response of cells against the oxidative stress. Interestingly, silk fluorophore 

pretreatment resulted in 2-fold (p<0.01) increased glutathione content in comparison to 

control cells (Figure 8A). Glutathione is non-enzymatic antioxidant that maintains the 

cellular protein in the reduced states, thus protecting them from endogenous oxidative 

stress. Also, it helps in detoxification of hydrogen peroxide in presence of glutathione 

peroxidase. Increased concentration of glutathione is therefore beneficial for cells as a 

primary defense against cellular stress. Further, we estimated the activity of catalase 

using colometric method and observed a 7-fold (p<0.01) increase in the catalase 

activity in H2O2 treated cells with respect to control. This was reduced to 4.5 fold 

(p<0.05) when the cells were pretreated with silk fluorophore during H2O2 induced 

stress. Fluorophore alone did not cause any change in the catalase activity (Figure 

8B). Catalase is an enzyme that catalyzes the conversion of hydrogen peroxide to 

water, the expression of catalase is stimulated by its substrate, reactive oxygen 

species, and therefore higher ROS elevates the concentration of catalase. Silk 

fluorophore pretreatment prevented the ROS en source and therefore prevented the 

elevation of catalase activity. Finally, the activity of superoxide dismutase was 

measured using colometric method and we observed that there was no significant 

change in either of the groups in comparison to the control group (Figure 8C).  

 

Figure 8. Status of key antioxidants in vitro. A. Total Glutathione content in cell lysate 

was significantly increased in silk fluorophore pretreated cells exposed to H2O2. B. 

Catalase activity assay showed increased activity in cells exposed to H2O2 while no 
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effect was observed in silk fluorophore alone, but silk fluorophore pretreated cells 

exposed to H2O2 showed 1.5 decreased activity compared to H2O2 alone. C. 

Superoxide dismutase activity was not altered significantly during silk fluorophore 

intervention or H2O2 insult. (* = p<0.05), (# = p<0.01). 

Visualization of cell with fluorescent compounds provides a wide variety of cellular 

structural and functional information, but the major concerns are cytotoxicity, cellular 

efflux and cost-effectiveness. The commercially available fluorogenic dyes are esterase 

substrates that are passively loaded into live cells with DMSO (dimethyl sulfoxide). 

These dyes are dependent on intracellular esterases to be converted into fluoroscein 

analogs which can be effectively detected. Moreover, these dyes also harbor chemical 

modifications to be retained inside the cells making them expensive60,63,65. In contrast, 

silk fluorophore has the advantages of natural endogenous fluoroscence and thus does 

not dependent on cellular esterases. Interestingly no chemical modifications are also 

required for silk fluorophore for cellular retention. Furthermore, the isolation of silk 

fluorophore using water-glass is a simple green-chemistry based method7. An in-house 

cost analysis revealed that silk fluorophore is at least 4 times cheaper than the 

commercial available dyes. Being rich in flavonoids, fluorophore also exhibited strong 

antioxidant effects during hydrogen peroxide challenge64,65. The dietary flavonoids can 

chelate metals, scavenge oxygen free radicals and and prevent the oxidation of low 

density lipoprotein (LDL)66. Several studies have reported antioxidant effects of 

flavonoids in animal model of diseases67,68. In corroboration, our present studies also 

report the antioxidant effects of flavonoid rich tasar silk cocoon fluorophore in H9c2 

cells against hydrogen peroxide challenge. The silk fluorophore also augmented 

endogenous antioxidant defense thus providing enhanced cell survival during oxidative 

stress.   

The present study suffers from limitations of using only rat cardiomyoblast cell line 

H9c2 for both imaging and antioxidant studies. Since flavonoids have been extensively 

used in cancer research it is worth studying the use of silk fluorophore to human 

cancer cell lines. Moreover, the present study provides evidences for in vitro imaging 
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and antioxidant activities of the silk fluorophore. It will be interesting to study the in 

vivo imaging potentials as well as antioxidant activities in animal models of diseases. 
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Materials and Methods  

Extraction of fluorophore from tasar silk cocoon  

Here we have slightly modified the previously published extraction and purification 

method for fluorophore7. Briefly, tasar cocoons of silkworm Antheraea mylitta were cut 

into small pieces, 1% w/v cocoon pieces were immersed in 0.125M sodium silicate 

solution for an hour and the filtrate was collected after passing through Whatman’s 

filter paper. The filtrate was evaporated and the obtained powder was mixed in 

methanol, followed by brief centrifugation to obtain the fluorescent supernatant. This 

supernatant was then further evaporated and the powder was mixed in acetone, 

followed by brief centrifugation to obtain pure fluorophore in acetone. The supernatant 

was hot air-dried and the resulting powder was dissolved in suitable polar solvents as 

per the experiment. 

Qualitative estimation of tasar silk cocoon fluorophore 

Preparation of sample - Small cocoon pieces were boiled for 5 minutes in deionized 

water at concentration of 10% (w/v). The extract was then filtered while it was hot 

using whatman filter paper with pore size 11 µ51,69,70. This filtrate was used for 

qualitative estimation of carotenoids and flavonoids. 

For carotenoids –The filtrate was mixed with 85% H2SO4 in equal ratio. The final colour 

of the solution was observed for analysis.  

For flavonoids – To the filtrate, few drops of 20% NaOH were added. Sudden color 

change to dark yellow was observed, which disappeared after addition of concentrated 

HCl. 

Comparative analytical studies between tasar silk cocoon fluorophore and quercetin 
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Uniform solutions of concentration 2 mg/ml in methanol, of both tasar silk cocoon 

fluorophore and quercetin were used for following analytical experiments.  

UV-Vis spectroscopy – Spectra were obtained using Molecular devices SpectraMax M3. 

The absorption maxima of this fluorophore was at 230 nm while quercetin showed 

absorption at 230 nm and 370 nm.    

Optical fluorescence – In order to observe the color of fluorescence, both the samples 

were exposed to UV-A light. 

Fluorescence spectrometry – Spectra were recorded using excitation wavelength of 230 

nm. Spectra were obtained using Perkin Elmer L5 55 fluorescence spectrophotometer.  

Fourier transform infrared spectroscopy – Lyophilized samples were used for this study. 

Infrared spectra were recorded at 4 cm-1 resolution using a Zn-Se MIR ATR (Bruker 

Tensor 27) equipped with MCT detector. The instrument was continuously purged with 

nitrogen gas while recording.   

FPLC purification - Fluorophore powder was dissolved in water-acetonitrile (1:1, v/v) 

and loaded on reverse phase C-3 column (Agilent ZORBAX SB-C3). Purification were 

done on BIO-RAD biologic – duo flow FPLC system, mobile phase was composed of 

water and acetonitrile. Purifications were done by eluting samples with a linear gradient 

of acetonitrile for 45 ml at flow rate of 2 ml/min. The effluent was monitored at 254 

nm and peak fractions were collected as per chromatogram profile.  

Mass spectrometry – Fractions corresponding to peaks p, q and r were subjected 

separately from mass spectroscopy using Agilent Technologies 1260 Infinity and 6120 

Quadrupole LCMS. Methanol was used as a solvent and method was operated at 

positive mode.  

Cell culture and experimental groups  

Rat cardiomyoblast cell line H9c2 were obtained from American type culture collection 

and cultured in Dulbecco’s modified Eagles media (cat# AL007A, HiMedia), 
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supplemented with 10% Fetal Bovine Serum (cat# F9665, Sigma) and antibacterial 

antimycotic solution (cat# A002, HiMedia) and incubated at 37˚C in a humidified 

atmosphere of 5% CO2. Culture media was changed after each 24 hours of subculture. 

In this study, we have used H9c2 cells after 5 passage and 2.5 million cells (70 -75% 

confluent cells, approx 2.5 days after subculture) per group was used for experimental 

groups. Four experimental groups namely control (with no treatment), silk fluorophore 

(cells supplemented with 100 ng/ml silk fluorophore in culture media), H2O2 (cells 

treated with 50 µMH2O2 for 6 hours) and silk fluorophore + H2O2 (cells pretreated with 

silk fluorophore for 24 hours and then added with 50 µMH2O2 for 6 hours) were made. 

For cell culture treatment 150 ng/ml of silk fluorophore was added to commercial cell 

permeating agent N-TERTM in the ration of 2:1 to achieve a final concentration of 100 

ng/ml.  

Fluorescence microscopy for fluorophore localization 

Cells were pretreated with fluorophore, following which, the media was decanted and 

cells were fixed in 4% paraformaldehyde prepared in phosphate buffer saline. Cells 

were then observed under phase contrast microscope with epifluorescence and 

photomicrographs were obtained at 20X objective magnification. Representative two 

control cell groups, one without fluorophore (control 1) and other without N-TERTM 

(control 2) were also observed.  

Estimation of reactive oxygen species  

ROS estimation - Intracellular ROS induced by H2O2 in H9c2 cells was measured 

using 2’7’-carboxymethyldichlorodihydrofluorescein diacetate (CM-DCFH-DA, cat# C6827, 

Life Technologies) as a fluorescent probe71. H9c2 cells were loaded with CM-DCFH-DA 

(20 µM) for 10 min, followed by 2 washes with Delbucco’s phosphate buffer saline 

(DPBS). Dichlorodihydrofluorescein (DCF) fluorescence positive cells were assessed 

using Flow cytometer (FAScalibur, Becton Dickinson). Cells were loaded with 25 µM of 

the CM-DCFDH-DA for 10 min at 37 °C and collected after trypsinization. The 

fluorescence intensity was monitored at the FL-2 channel and 10,000 events were 
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collected per sample. ROS estimation was further confirmed with fluorescence 

spectrophotometer with an excitation at 485 nm and an emission at 520 nm. In a 

separate set of experiments, the fluorescence was captured using epifluorescence 

microscope (N-Storm, Nikon).  

Estimation of mitochondrial superoxide radicals - Mitochondrial superoxide radical 

production was semi-quantitated with fluorescence microscopy using Mitosox™ dye (cat 

# M36008, Life Technologies) as per the manufacturer’s instructions. Briefly, the cells 

were washed with DPBS twice and added with 10 µl dye and incubated at 37 ˚C for 

15 minutes. Photomicrographs were than acquired with epifluorescence microscope (N-

Storm, Nikon). At least 3 different slides and 5 different fields per slide were observed.  

Estimation of cellular hydrogen peroxide levels - Concentration of H2O2 in cell lysate 

was measured using H2O2 estimation kit (cat# ab102500, Abcam) as per the 

manufacturer’s instructions. Briefly, cell lysate was passed through a 10 kDa cutoff 

filter and 50 µl standard or cell lysate were added in triplicates to a 96 well plate. 

Further, 50 µl reaction mix containing assay buffer, OxiRed™ probe and HRP was 

added to each well followed by incubation at 25oC for 10 minutes. Optical density was 

measured at 570 nm. Finally the concentration of H2O2 was measured using standard 

curve and represented as nM (H2O2) in cell lysate.  

Estimation of ROS dependent cell death - ROS dependent cell death induced by H2O2 

in H9c2 cells was measured using propidium iodide (PI) fluorescent probe27,29. 

Propidium iodide permeates dead cells and therefore stains dead cells (PI+), but 

unable to stain live cells (PI-). Cells were trypsinised and pelleted at 1500 rpm for 10 

minutes. After washing with PBS, cells were incubated with 10 µM PI at 37oC for 15 

minutes. The cells were washed, re-suspended in 500 µl DPBS and transferred to 

FACS tubes. The fluorescence intensity was monitored at the FL-1 channel and 10,000 

events were collected per sample and data was represented as histogram overlays. In 

a parallel experiment, cell morphology was assessed in a phase contrast microscope 

(20X) to determine oxidative stress induced cell death.  
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Effect of fluorophore on endogenous antioxidant levels  

Preparation of cell lysate - Estimation of cellular antioxidants was performed in cell 

lysate. Cells were harvested after trypsinization and centrifuged at 1500 rpm for 10 

minutes. Further, pellet was added with 200 µl RIPA buffer (cat# R0278-50ML, Sigma). 

The cells were incubated on ice for 15 minutes and lysed using vortex mixture. Finally 

the suspension was centrifuged at 10,000 rpm for 15 minutes and supernatant was 

collected and stored with 0.1% protease inhibitor cocktail (cat# P8340, Sigma) at -20oC 

for further use.  

Estimation of total glutathione content - Total glutathione estimation was performed 

using ELISA based Glutathione assay kit (cat# 703002, Cayman Chemicals) as per the 

manufacturer’s instructions. Briefly, cell lysate was passed through a 10 kDa cutoff 

filter and 50 µl standard or cell lysate were added in duplicates to a 96 well plate. 

Further, 150 µl assay cocktail (prepared by adding MES buffer, reconstituted cofactor 

mixture, reconstituted enzyme and Ellman’s reagent) was added to each well. The 

plate was incubated in dark on an orbital shaker for 25 minutes and absorbance was 

measured at 405 nm. Concentration of glutathione was calculated using the standard 

plot and represented as µM glutathione in cell lysate.  

Estimation of catalase activity - Catalase activity was measured using EnzychromeTM 

catalase assay kit (cat# ECAT-100, Bioassay systems, USA) as per the manufacturer’s 

instructions. Briefly, 10 µl cell lysate or H2O2 standards were added in duplicate to a 

96 well plate. Further, 90 µl of 50 µM substrate was added to each sample well and 

plate was incubated at room temperature for 30 minutes. 100 µl of detection reagent 

mix containing assay buffer, dye and HRP enzyme was added to each well. Reagents 

were mixed by tapping and plate was incubated at room temperature for 10 minutes. 

Finally, optical density and absorbance was measured at 570 nm and concentration 

was calculated using H2O2 standard plot. Data was represented as catalase Units/L 

and unit was defined as amount of catalase that decomposed 1 µM (H2O2) per minute 

at pH 7.0 and room temperature.  

Page 24 of 32RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



Estimation of Superoxide dismutase activity - Superoxide dismutase (SOD) activity was 

measured using EnzychromeTM superoxide dismutase assay kit (cat# ESOD-100, 

Bioassay systems, USA), as per the manufacturer’s instructions. Briefly, 20 µl standard 

or samples were added in duplicate to wells of a 96 well plate. Further, 160 µl 

working reagent containing assay buffer, xanthine and WST-1 was added to each well. 

Absorbance was measured immediately at 430 nm (OD0) and then plate was 

incubated at 25oC for 60 minutes. Again, absorbance was measured at 430 nm 

(OD60). Finally the concentration of SOD was measured using ∆OD against SOD 

concentration standard curve and activity was represented as U/ml.  

Statistical Analysis 

All the values were represented as Mean ± SEM of three independent experiments. 

Statistical analysis was performed using ANOVA with Newman Keuls post-hoc tests 

and a p value of <0.05 was considered significant. All analysis was performed using 

GraphPad Prism software version 5.0 (GraphPad Software, California, USA). 
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Conclusion 

The fluorescent extract (fluorophore) obtained from tasar silk cocoon is rich in 

flavonoids. It could be localized inside mammalian cell using a novel, N-TERTM nano-

carrier based strategy. This fluorophore have dual potential to be used simultaneously 

as a bio-imaging agent and as an antioxidant in mammalian cell culture experiments. 

The silk fluorophore possesses advantages of cost effective, non-toxic, independent of 

cellular esterases for fluorescence, no harmful chemical modifications, and extended 

fluorescence as compared to the commercially available dyes. The cells localized with 

fluorophore show remarkable tolerance to H2O2 induced oxidative stress as compared 

to control. According to the analysis, it is possible that fluorophore can either directly 

react to the cellular ROS and/or elevate the concentration of endogenous antioxidant 

like glutathione and catalase, hence promoting the reduction of cellular oxidative stress. 

At present tasar silk cocoon fluorophore is being wasted during silk processing; 

scientific and commercial exploitation of this natural product can boost this ancient 

cottage industry. 
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