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Purpose: Asthma is a heterogeneous airway inflammatory disease with limited therapeutic 
options. Traditional medicine is extensively used for treating various ailments including 
asthma. Sahastraputi-Abhrak-Bhasma (SPAB) is a biotite-calx based Indian medicine.
Methods: We have tested for the anti-inflammatory and anti-asthmatic properties of SPAB, 
using a mouse model of ovalbumin-induced allergic asthma in-vivo and cell-based assays in- 
vitro. Histological analysis, qPCR and ELISA were performed to assess the pathology. SEM, 
EDX and XRD-analysis were performed to characterize the SPAB particles.
Results: SEM, EDX and XRD-analysis identified the presence of SPAB particle of 100 nm– 
~1µm diameter and contains annite-1M, aluminium silicate, kyanite, aluminium oxide, mag-
nesium silicate, and maghemite in the samples. Ova-challenge resulted in severe inflammatory 
responses, airway remodelling and increased oxidative burden in lungs. Importantly, prophy-
lactic treatment with SPAB significantly attenuated allergen induced leukocyte infiltration 
specifically eosinophils, lymphocytes, macrophages and neutrophils in BALF. Ova-induced 
mucus hypersecretion, peri-bronchial collagen deposition, inflammatory cell infiltration and 
bronchial epithelial thickening were significantly abrogated upon SPAB treatment. qPCR and 
ELISA analysis identified that allergen induced increases in IL-5, IL-13, IL-33, IFN-γ and IL- 
1β cytokines mRNA in whole lungs and the levels of IL-6, IL-1β and TNF-α proteins in BALF 
were significantly attenuated upon oral SPAB treatment. SPAB restored allergen induced 
decreases in anti-oxidant markers in lungs. In-vitro, SPAB attenuated the secretion of IL-6, 
and TNF-α from human bronchial epithelial cells and modestly inhibited NF-kB/AP-1 pathway 
in HEK cells.
Conclusion: Taken together, our results experimentally validated the prophylactic ameli-
orative potential of the Indian classical medicine Sahastraputi-Abhrak-Bhasma against 
asthma associated airway inflammation.
Keywords: Sahastraputi-Abhrak-Bhasma, asthma, physicochemical analysis, lung 
inflammation, cytokine, mica-medicine

Introduction
Asthma is a common heterogeneous disease of the airways, affecting millions of 
people of all age groups globally and its incidence is rising.1,2 It is characterized by 
inflamed lung airways, wheezing, coughing and shortness of breath.3 Allergic 
asthma is more prevalent in developing countries and is associated with Th2 cell 
responses,2 including secretion of Th2 related cytokine, such as interleukin (IL)-4, 
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IL-5 and IL-13.3 This in turn contributes to eosinophilic 
airway inflammation, airway hyper responsiveness (AHR), 
mucus hyper secretion and airway wall remodelling.4 

AHR leads to obstruction of airflow and the long term 
use of steroidal anti-inflammatory drugs for asthma in 
clinical practice can cause potential complications, such 
as pneumonia and hyperglycaemia.5

Involvement of various cells including, eosinophils, 
mast cells, dendritic cells, lymphocytes, macrophages and 
neutrophils is obvious in asthma pathology; and interac-
tion between immune cells and structural cells like epithe-
lial cells and mesenchymal cells plays a crucial role in 
progression and severity of the disease.3,6 Even though 
extensive advances in management of asthma and allergy, 
in nearly 5–10% of people, this condition is persistently 
severe and ineffectively controlled.5 Currently, there is no 
established method to avert asthma and allergy. Hence, 
identification of new therapeutic strategies for effective 
treatment are obligatory.

The chronological significance of traditional medicine 
as remedy in the management of asthma is irrefutable7 and 
60–70% population with moderate and severe asthma rely 
upon traditional medicine as supplement.7 In traditional 
Indian Ayurveda, Tibetan medicine and traditional 
Chinese medicine, use of herbo-metallic or herbo-mineral 
remedies for asthma has been in practice.8 Rasa-shastra, 
of ancient Indian Ayurveda deals with the harnessing the 
therapeutic potential of various herbs, mineral, metals and 
non-metals by applying various incineration procedures 
that will convert them into non-toxic, bio-acceptable 
forms called bhasma,9,10 this has been recently defined 
by WHO.11 However, appropriate scientific validation of 
the therapeutic potentials of Bhasma is lacking.

Abhrak bhasma, is a biotite-calx based traditional 
Indian medicine prepared by a process called puta (incin-
eration in a closed earthen vessel) to harness its unique 
attributes.12,13 Calx is defined as the ashy or oxide material 
which remains after metals and minerals have been meth-
odically incinerated. Shataputi Abhrak Bhasma and 
Sahastraputi-Abhrak-Bhasma (SPAB) are two unique pre-
parations where mica is titrated with distinct herbals and 
subjected to incineration 100 times and 1000 times respec-
tively followed by treating with cow ghee,12 resulting in 
mica/biotite-calx. Abhrak bhasma is classically prescribed 
for the handling anaemia and tropical sprue, treating 
chronic cough12 bronchitis and asthma.14 It protects from 
various types of cancers,13 CCl4 induced hepatitis15 and 

improves kidney and liver function16 and exerts diuretic 
activity.17

Shataputi abhrak bhasma and SPAB are considered to 
be finest form of biotite-calx (mica based) bhasma14 and 
contains immunomodulatory properties.18 SPAB has been 
shown to protect from heat-induced oligozoospermia and 
azoospermia, possibly by modulating p53 and Fas 
mediated apoptotic pathways and ameliorates germinal 
epithelial proliferation.19 The aim of the present study is 
to scientifically validate the anti-inflammatory and anti- 
asthmatic properties of SPAB using a mouse model of 
Ovalbumin (Ova)-induced allergic asthma and analyses 
its chemical composition.

Materials and Methods
Physicochemical Analysis of the SPAB
Sahastraputi-Abhrak-Bhasma (SPAB) was sourced from 
Divya Pharmacy, Haridwar, India. Scanning electron 
microscope (SEM; LEO-438 VP) coupled with electron 
dispersive X-ray analysis system (Carl Zeiss, Germany) 
was used for analysing the morphological and elemental 
characteristics of SPAB powder. SEM imaging was carried 
out at 10 kV accelerated voltage. EDX analysis was done 
by mapping and spot-based analysis. X-ray diffraction 
(XRD) analysis of SPAB powder was carried out using 
a Rigaku D-Max 2200 X-ray diffractometer (XRD) apply-
ing Cu-Kα radiation at 40 kV/40 mA. Scanning was per-
formed at a step width of 0.02° over an angular range of 5° 
to 80° and a scanning rate of 0.5° min−1.20 Qualitative 
analysis of the XRD spectra of SPAB was performed using 
QualX (Version 2.24).21

Animals
Specific Pathogen Free (SPF), female BALB/c mice 
weighing 20–22 g at eight weeks’ age were maintained 
in vivarium under 12:12-h light-dark cycle. Mice were 
procured from Charles River Laboratory licensed animal 
supplier, Hylasco Biotechnology Pvt. Ltd, Hyderabad, 
India and nourish with standard pellet diet (Purina Lab 
Diet, St. Louis, MO, USA) and sterile water ad-libitum. 
Animal experiments and treatment procedures were 
approved by Institutional Animal Ethics Committee of 
Patanjali Research Institute (IAEC approval number- 
PRIAS/LAF/IAEC-078; approval date: 17th July, 2019) 
in adherence to the guidelines from Committee for the 
Purpose of Control and Supervision of Experiments on 
Animals (CPCSEA), Government of India.
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Figure 1 Physicochemical analysis of SPAB. (A) Scanning Electron Microscopy (SEM) analysis of the SPAB identified the presence of particle of different shapes and sizes. (B) 
Electron dispersive X-ray (EDX) analysis of the SPAB revealed the presence of oxygen (O), Silicon (Si), Iron (Fe), Aluminum (Al), Potassium (K), Magnesium (Mg), Chlorine 
(Cl), Nickel (Ni), Chromium (Cr), Sodium (Na), Calcium (Ca) elements, with varying content (Inset). (C) X-ray diffraction (XRD) analysis identified the presence of Annite- 
1M, Aluminum Magnesium, Aluminum Silicate, Kyanite, Aluminum Oxide, Magnesium Silicate, Maghemite in SPAB sample.

Journal of Inflammation Research 2021:14                                                                                          https://doi.org/10.2147/JIR.S313955                                                                                                                                                                                                                       

DovePress                                                                                                                       
4745

Dovepress                                                                                                                                                      Balkrishna et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Calculation of in-vivo Experimental Doses
For in-vivo experiments, the mouse equivalent doses of 
SPAB were calculated based on body surface area of mice. 
The recommended human therapeutic dose of SPAB was 
500 mg/day and the mouse equivalent doses (mg/kg) was 
calculated by multiplying human equivalent dose (mg/kg) 
by factor of 12.3.22 The calculated therapeutic equivalent 
dose for mouse was 102 mg/kg and considered as mid 
dose (1x) and its 1/3x and 3x doses were regarded as low- 
dose and high-dose, for pharmacological studies (34 mg/ 
kg, 102 mg/kg and 306 mg/kg).

Establishment of Allergic Asthma Model 
and Drug Treatment
Mice were allocated into six different treatment groups: 
(1) Normal Control (NC); (2) Disease Control (DC); (3) 
Dexamethasone (DM)- 2 mg/kg; (4) SPAB - 34 mg/kg; (5) 
SPAB- 102 mg/kg; and (6) SPAB-306 mg/kg. For estab-
lishing asthma model, (mice in groups 2 to 6 were intra-
peritoneally (i.p.) sensitized with Ovalbumin (Ova) (25 
μg) and Aluminum hydroxide (2 mg) in 0.2 mL of saline 
(PBS) on days 0, 7 and 14, as described previously23. 
On day 21, 23, 25, and 27 mice were challenged with 
100 μg Ova- in PBS (25 μL) by intranasal instillation 
under mild anesthetic. Mice in NC group received only 
PBS during sensitization and challenge. While NC and DC 
received 0.5% Carboxy methyl cellulose (CMC), three 
different doses of SPAB daily were given orally in 0.5% 
CMC from day −7 prophylactically. DM group received 
2 mg/kg DM by i.p., 2 h before Ova-challenge. Ovalbumin 
(Ova) and Dexamethasone (DM) was sourced from Sigma 
Aldrich (St Louis, MO, USA).

Broncho-Alveolar Lavage (BAL) 
Phenotyping and Harvesting Lungs
BAL fluid was collected and lobes of lungs were resected 
as described previously23–25 followed by calculation of 
total and differential cell counts manually. Briefly, mice 
were sacrificed, and the left lung was ligated and the right 
lung was lavaged with 3 vol (1 mL/25 g) of ice-cold PBS 
by inserting a catheter in the trachea.24 The resulting 
broncho-alveolar lavage (BAL) fluid was centrifuged 
(3000 rpm for 3 min at 4°C), and the supernatant was 
retained for further analysis. 1% acetic acid was used for 
lysing the red blood cells in cell pellets, and BAL cells 
were re-suspended in PBS. The total cell counts were 
measured, and cyto-smear preparation was performed and 

stained with Wright’s staining.24 Subsequently, the differ-
ential leukocyte counts of 300 cells was performed using 
standard morphological criteria.

Histopathological Assessment of Lungs
Histological examinations were performed as described 
previously.23,25 Briefly, left lung lobes were sectioned and 
stained with Hematoxylin and Eosin (H&E) for gross patho-
logical analysis. Mucus secretion was identified using 
Periodic-Acid-Schiff (PAS) staining and peri-bronchial col-
lagen deposition was assessed using Mason-Trichrome 
(MT) staining. The severity of histopathological alterations 
were determined using 5-point score methods26,27 as fol-
lows: 0= No Abnormality Detected (NAD), 1= Minimal, 2= 
Mild, 3= Moderate, 4= Moderately Severe, 5= Severe; and 
distribution was noted as focal, multifocal and diffused.

RNA Isolation and Real-Time 
Quantitative RT-PCR of Lung Tissue
Total RNA from lung tissue were isolated using TRIzol 
reagent (Invitrogen, USA) and cDNA synthesis was per-
formed using the Verso cDNA synthesis kit (Thermo 
Fisher Scientific, USA) as described previously,23,25 

RNA was rendered DNA-free and re-purified using the 
RNeasy mini kit (Qiagen, USA) and RNAs were reverse- 
transcribed using Verso cDNA synthesis kit (Thermo 
Fisher Scientific, USA). Quantitative real-time PCR was 
performed using Biometra TProfessional thermocycler 
(Analytik Jena, Germany) and SYBR green master mix 
(Applied Biosystems, USA). Gene expression levels were 
calculated relative to Ppia (cyclophilin A) using 2−∆∆Ct as 
described previously24,28 using the primers sequences 
derived from MGH primer bank.

Measurement of Oxidative Stress 
Biochemical Markers in Lungs
DTNB reagent was used to measure Glutathione peroxi-
dase (GPX) activity at 420 nm as per Rotruck et al 197329 

in a 96 well format. Goth 199130 was adapted for measur-
ing the Catalase (CAT) activity at 405 nm. The Super 
oxide dismutase (SOD) activity was measured using 
NBT31 at 560 nm. The Glutathione (GSH) and 
Glutathione disulfide (GSSG) levels were measured by 
the protocol of Hissin & Hilf, 197632 fluorometrically at 
Ex 350/Em 420 nm. Malondialdehyde (MDA) levels were 
measured as per Heath & Packer, 196833 and the absor-
bance was measured at 532 nm. For measuring 
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Myeloperoxidase (MPO)/ Eosinophil peroxidase (EPO) 
activity, 3,3ʹ,5,5ʹ-Tetramethylbenzidine substrate34,35 was 
used and absorbance was measured at 450 nm as 
described.36 The absorbance or fluorescence intensity 
was measured using Envision microplate reader (Perkin 
Elmer, USA) and expressed as U/mg or µM/mg weight of 
lung tissue or U/mL BAL fluid.

Pro-Inflammatory Cytokine Analysis
Enzyme-linked immunosorbent assay (ELISA) of BALF 
was carried out for measuring the levels of mouse IL-6, 
IL-1β and TNF-α (BioLegend Inc., San Diego, USA) and 
the secretion of cytokines into culture supernatants by 
BEAS2B were measured using human IL-6 and TNF-α 
ELISA (BD Bioscience, USA) as per the manufacturer’s 
instructions and the plates were read at 450 nm using 
Envision microplate reader (Perkin Elmer, USA).

In-vitro Cell Culture
The cell lines used in this study includes, BEAS2B cells 
(kindly provided by Dr. Rajarshi Pal, India, and approved 
for use by the Institutional Biosafety Committee of 
Patanjali Research Institute) and HEK-Blue TNF-α cells 
(InvivoGen, USA). BEAS2B were maintained in RPMI- 
1640 (Invitrogen, USA) containing 10% heat-inactivated 
FBS, L-glutamine (4 mM) and antibiotics. HEK-Blue 
TNF-α cells (stably expressing secreted embryonic alka-
line phosphatase (SEAP) reporter gene fused with NF-κB/ 
AP-1 elements) were cultured in DMEM containing 10% 
heat inactivated FBS, 100 μg/mL Normocin, L-Glutamine 
(2 mM), 100 μg/mL Streptomycin and 100 U/mL 
Penicillin and cells were kept in a humidified incubator 
at 5% CO2 at 37°C.

Cell Viability and Anti-Inflammatory 
Activity Assay of SPAB in-vitro
BEAS2B cells were seeded at 1×105 cell/mL in a 96 well 
plate and treated with various doses of SPAB (1 µg/mL - 
100 µg/mL) for 24 hr upon reaching 70% confluence. 
Cells were washed and incubated with 10 µL of Alamar 
blue (0.15 mg/mL) (Hi Media, India) in serum free med-
ium for 1 hr and fluorescence at Ex. 530 nm/Em. 590 nm 
was measured and expressed as percentage cell viability. 
BEAS2B cells were pre-treated for 24 hr with various 
concentrations of SPAB (1–30 µg/mL) followed by co- 
treatment with SPAB + 500 ng/mL lipopolysaccharide 

(LPS) for another 24 hr. Cell culture supernatants were 
used for measuring cytokine secretion.

NF-kB/AP-1-SEAP Reporter Assay
HEK-Blue TNF-α cells were seeded at 3×105 cells/mL 
density in 96 well plates and treated with different con-
centrations of SPAB (1 μg/mL to 10 μg/mL) for 6 hr 
followed by addition of 500 pg/mL of human TNF-α. 
Post 24 hr incubation, alkaline phosphatase activity was 
measured at 630 nm as per the manufacturers (InvivoGen, 
San Diego, CA, USA) instruction using QUANTI-Blue 
substrate.

Statistical Analysis
Statistical analysis was performed using GraphPad Prism 
version 7.0 software (GraphPad Software, San Diego, CA, 
USA). A one-way analysis of variance (ANOVA) followed 
by Dunnett’s multiple comparison test was used to calcu-
late the statistical difference. All data were expressed as 
the Mean ± Standard Error of Means (SEM). Differences 
in mean values were considered significant at p < 0.05.

Results
Physicochemical Characterization of 
Sahastraputi Abhrak Bhasma (SPAB) 
Particles
Scanning electron microscope (SEM) analysis of the SPAB 
powder revealed heterogeneous nature of SPAB in shape 
and size (Figure 1A) of diameters of 100 nm to ~1 µm 
(Figure 1A). Electron dispersive X-ray (EDX) quantitative 
analysis of SPAB revealed the presence of oxygen (O) (55.5 
± 2.9%); Silicon (Si) (6.8 ± 0.4%); Iron (Fe) (18.1 ± 1.1%); 
Aluminium (Al) (1.3 ± 0.09%); Potassium (K) (2.2 ± 0.1%); 
Magnesium (Mg) (6.7 ± 0.4%); Chlorine (Cl) (0.43 ± 
0.02%); Nickel (Ni) (2.7 ± 0.1%); Chromium (Cr) (2.9 ± 
0.1%); Sodium (Na) (1.6 ± 0.1%); Calcium (Ca) (1.4 ± 
0.09%) elements on the surface of the SPAB particles 
(Figure 1B). X-ray diffraction (XRD) analysis of SPAB 
discovered the presence of various silica rich compounds 
and aluminium, Iron and magnesium compounds such as, 
Annite-1M (KFe3

2+AlSi3O10(OH,F)2), Aluminium 
Magnesium (Al-Mg), Aluminium Silicate (Al2SiO5), 
Kyanite (Al2SiO5), Aluminium Oxide (Al2O3), 
Magnesium Silicate (MgO3Si), and Maghemite (γ-Fe2O3) 
in the samples (Figure 1C).
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SPAB Alleviates Allergen-Induced 
Leukocyte Influx in Asthmatic Lungs
To determine if SPAB could alleviate Allergen induced 
airway inflammatory responses, as described in the 
Materials and Methods section (Figure 2A), we first col-
lected BALF and tested for the total and differential leu-
kocyte recruitment in lungs. The results indicated 
a significant upsurge in the total number of inflammatory 
cells in DC lungs upon Ova sensitization and challenge 
(DC vs NC, p<0.001) (Figure 2B), mirroring the clinical 
presentation of human. Conversely, SPAB at all the three 
doses, significantly blocked the inflammatory cell recruit-
ment (DC vs SPAB 34–306, p<0.001) (Figure 2B), similar 
to DM (DC vs DM-2, p<0.001) (Figure 2B) treatment 
group.

We next tested for the differential cell counts and found 
a significant increase (DC vs NC, p<0.001) in the numbers 
of eosinophils, lymphocytes, macrophages and neutrophils 

in DC (Figure 2C–F). Notably, a dose dependent decline in 
the above mentioned cell numbers were noticed upon daily 
oral SPAB administration (DC vs SPAB 34–306, p<0.001) 
(Figure 2C–F) of allergic mice, similar to DM (DC vs DM, 
p<0.001). These results advocate the beneficial role of 
SPAB in regulating the allergen induced leukocyte influx 
into the lungs.

SPAB Improves Allergen-Induced Airway 
Remodelling and Whole Lung Pathology
Upon confirmation of inhibitory effect of SPAB on leuko-
cyte recruitment in lungs, we next tested for the lung 
histopathology. PAS staining of the lung tissue sections 
(Figure 3) for the mucus secretion identified a marked 
increase in the allergen-induced mucus accumulation in 
DC compared to NC (Figure 3A, NC & DC), increasing 
semi quantitative airway mucus score (Figure 3B). 
Conversely, allergic mice receiving three different doses 

Figure 2 Oral SPAB treatment alleviates Ova-induced leukocyte infiltration in BAL fluid of asthmatic mice. (A) Schematic representation of Ova-induced asthma study 
design. Mice were acclimatized, randomized, sensitized and challenged with Ova-allergen. Simultaneously, DM and various doses of SPAB were given as mentioned in 
methods section and tested for the various endpoints, 48 hr post last Ova-challenge by quantifying (B) Total leukocyte count in BAL fluid, (C) Total Eosinophils (D) Total 
Lymphocytes, (E) Total Monocytes, (F) Total Neutrophils in BALF. Data were presented as the means ± S.E.M (n= 4–6). **, ##p < 0.001 and *p < 0.05 by one-way ANOVA. 
##Represents significant compared to NC and **Represents significant compared to DC.
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Figure 3 SPAB attenuates allergen-induced mucus hyper secretion by airway epithelia. PAS stained lung histological sections were evaluated for mucus accumulation. (A) 
PAS stained lung tissue sections of NC, DC, DM, SPAB-34 mg/kg, SPAB-102 mg/kg and SPAB-306 mg/kg. (B) Quantitative histogram of mucus accumulation by airway 
epithelial cells. (C) Whole lung mRNA expression of Muc5AC gene. Black arrow identifies bronchial epithelium and white arrow represents mucus secreting airway epithelia. 
Data were presented as the means ± S.E.M (n= 4–6). **, ##p < 0.001 and *p < 0.05 by one-way ANOVA; ##Represents significant compared to NC and *Represents 
significant compared to DC (Scale bar indicates 20µm).
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of SPAB (Figure 3A, SPAB-34, −102 and −306) or DM 
(Figure 3A, DM-2) showed a considerable decrease in 
mucus accumulation and airway mucus score 
(Figure 3B). In line with mucus accumulation, mRNA 
expression analysis confirmed SPAB mediated significant 
diminution of Muc5AC gene expression (Figure 3C) in 
allergic mice (DC vs SPAB 34–306, p<0.05), parallel to 
DM treated mice (DC vs DM-2, p<0.001).

In addition, Masson Trichrome staining of lung tissue 
section identified a robust increase in the peri-bronchial 
collagen deposition in allergic DC mice, compared to 
unchallenged NC mice (Figure 4A, NC & DC). This 
resulted in the significant increase in collagen deposition 
score, measured semi-quantitatively (DC vs NC, p<0.001) 
(Figure 4B). Whereas, either treatment with DM 
(Figure 4A, DM-2) or SPAB (Figure 4A, SPAB-34, −102 
and −306) inhibited collagen deposition, and significantly 
decreased collagen deposition scores (DC vs SPAB 34– 
306, p<0.001) (Figure 4B).

We next evaluated lung inflammation using H&E stain-
ing and identified peribronchial and perivascular leukocyte 
cell aggregates in allergen challenged DC compared to NC 
mice (Figure 5A, NC & DC) and leukocyte recruitment in 
lungs was also significantly increased (DC vs NC, 
p<0.001) (Figure 5B). Conversely, treatment with DM 
(Figure 5A, DM-2) and SPAB (Figure 5A, SPAB-34, 
−102 and −306) significantly repressed (p<0.05) inflam-
matory cell infiltration into (Figure 5B) lung airspaces and 
decreased leukocyte aggregates. Furthermore, allergen 
induced thickening of bronchial epithelium was signifi-
cantly decreased upon SPAB (DC vs SPAB 34–306, 
p<0.05) (Figure 5C) and DM (DC vs DM-2, p<0.05) 
(Figure 5C) treatment. Collectively, Ova allergen induced 
increases in the total pathological score (p<0.001) 
(Figure 5D) was significantly abrogated upon oral SPAB 
treatment (p<0.001).

Oral SPAB Treatment Mitigates 
Allergen-Induced Pro-Inflammatory Gene 
Expression
Upon confirmation of SPAB mediated reversal of lung 
histopathological responses, we tested for the mRNA 
expression of asthma associated pro-inflammatory genes. 
The results indicated that, compared to unchallenged NC 
allergen challenge in DC resulted in significant (DC vs 
NC, p<0.001) multi fold upregulation of expression of 
Interleukin (IL)-5 (p<0.001) (Figure 6A), IL-13 

(p<0.001) (Figure 6B), IL-33 (p<0.001) (Figure 6C), 
Interferon (IFN)-ɣ (Figure 6D) and IL-1β (p<0.001) 
(Figure 6E). Therapeutic administration of SPAB signifi-
cantly attenuated the Ova induced expression of IL-5 
(p<0.05) (Figure 6A), IL-13 (p<0.05) (Figure 6B), IL-33 
(p<0.001) (Figure 6C), IFN-ɣ (Figure 6D) at mid and high 
doses or at its highest dose IL-1β (p<0.05) (Figure 6E). 
Similar attenuation of pro-inflammatory gene expression 
was attained with DM treatment (Figure 6A–D) for the 
above genes except IL-1β (NS) (Figure 6E).

BAL fluid analysis for the cytokine protein secretion 
indicated a substantial increase in the BALF levels of IL- 
1β (Figure 6F), tumour necrosis factor (TNF)-α 
(Figure 6G) and IL-6 (Figure 6H) upon Ova-challenge 
(DC vs NC, p<0.001). Treatment with SPAB (DC vs 
SPAB 34–306, p<0.001) or DM (DC vs DM, p<0.001) 
treatment significantly abrogate the Ova-induced secretion 
of IL-1β, TNF-α and IL-6 at all doses tested (6F-H).

Oral Administration of SPAB Restores 
Allergen Induced Alterations in Oxidative 
Stress Biochemical Markers
We next tested if SPAB could modulate allergen-induced 
oxidative stress biochemical parameters (GPX, CAT, GSH, 
GSSG, SOD, MDA and EPO) in the allergic lungs. Test 
for the activity of GPX (DC vs NC, p<0.05) (Figure 7A), 
CAT (DC vs NC, p<0.05) (Figure 7B) and SOD (DC vs 
NC, p<0.001) (Figure 7C) identified significant decrease in 
enzyme activates upon allergen challenge in DC. 
Treatment with three different doses of SPAB restored 
GPX (DC vs SPAB-306, p<0.05) (Figure 7A) and CAT 
(DC vs SPAB-306, p<0.05) (Figure 7B) activity at its 
highest dose. Similar observations were made in DM 
treatment group (7A-C).

Levels of GSH and GSSG indicated that allergen 
induced decreases in GSH levels (DC vs NC, p<0.001) 
(Figure 7D) and simultaneous increase in GSSG levels 
(DC vs NC, p<0.001) (Figure 7E) in DC. SPAB treatment 
restored the GSH levels and highest dose (DC vs SPAB-306, 
p<0.05) (Figure 7D). Conversely, GSSG levels were 
declined to normal levels at all the three doses of SPAB 
(DC vs SPAB-34, −102 and −306, p<0.001) (Figure 7E). 
MDA estimation indicated a significant increase in its levels 
upon Ova-challenge (DC vs NC, p<0.001) (Figure 7F). 
Whereas, either treatment with DM (DC vs DM, p<0.001) 
or SPAB (DC vs SPAB-34, −102 and −306, p<0.001) 
(Figure 7F) significantly diminished its levels to normal.
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Figure 4 Oral SPAB administration decreases peri-bronchial collagen deposition in allergic mice. OVA-induced collagen deposition around airways was evaluated by 
Masson’s trichrome staining of lung tissue sections. (A) MT stained lung tissue sections of NC, DC, DM-2 mg/kg, SPAB-34 mg/kg, SPAB-102 mg/kg and SPAB-306 mg/kg. (B) 
Quantitative histogram of peri-bronchial collagen accumulation. Black arrow points airway epithelia and white arrow indicates collagen deposition. Data were presented as 
the means ± S.E.M (n= 4–6). **, ##p < 0.001 by one-way ANOVA; ##Represents significant compared to NC and **Represents significant compared to DC (Scale bar 
indicates 20µm).
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Test for the peroxidase activity in whole lung and BAL 
indicated a significant increase in MPO/EPO in Ova- 
allergen challenged DC (DC vs NC, p<0.001) (Figure 7G 
and H). Treatment with SPAB dose dependently decreased 
allergen induced MPO/EPO activity at mid and high dose 
in lungs (DC vs SPAB-102 and −306, p<0.001) 
(Figure 7G) and in BAL fluid (DC vs SPAB-102 and 
−306, p<0.05) (Figure 7H).

SPAB Attenuates Endotoxin Induced Pro- 
Inflammatory Cytokine Secretion from 
Human Bronchial Epithelial Cells and 
Suppresses TNF-α Induced NF-kB/AP-1 
Transcriptional Activity in Reporter Cells in- 
vitro
To recapitulate in-vivo anti-inflammatory responses of 
SPAB, human bronchial epithelial cell line BEAS2B were 
first treated with SPAB to test for the cyto-safety (Figure 8A). 

The results indicated that treatment of BEAS2B cells with 
various doses of SPAB for 48 hrs resulted in 20–25% cell 
death up to 30 µg/mL SPAB. At 100 µg/mL, 37% cell death 
was noticed. Hence 30 µg/mL was considered as cyto-safe.

Compared to NC, challenge of bronchial epithelial 
cells with LPS induced a significant increase in the secre-
tion of IL-6 (p<0.001) (Figure 8B) and TNF-α (p<0.001) 
(Figure 8C) cytokine proteins into cell culture supernatant. 
Pre-treatment of cells with SPAB dose dependently abro-
gated IL-6 (SPAB, 3 µg/mL - 30 µg/mL, p<0.001) 
(Figure 8B) secretin and supressed TNF-α (SPAB, 1 µg/ 
mL - 30 µg/mL, p<0.001) (Figure 8C) release.

Next, to identify the molecular pathway involved in 
SPAB mediated suppression of the pro-inflammatory cyto-
kine levels, HEK-Blue TNF-α reporter cells were used. 
Treatment of HEK-Blue cells with TNF-α significantly 
induced NF-kB/AP-1 transcriptional activation by 
5.5-fold (p<0.001) (Figure 8D). Conversely, pre- 
treatment of cells with SPAB modestly supressed TNF-α 

Figure 5 SPAB ameliorates airway inflammatory histo-pathological changes. Lung tissue sections were assessed for airway inflammation using H&E staining. (A) H&E stained 
lung tissue sections of NC, DC, DM-2 mg/kg, SPAB-34 mg/kg, SPAB-102 mg/kg and SPAB-306 mg/kg. Quantitative analysis of (B) Leukocyte recruitment in lungs, (C) 
Thickening of bronchial epithelium and (D) Total pathological score. Arrow points at either leukocyte accumulation or thickening of bronchial wall. Data were presented as 
the means ± S.E.M (n= 4–6). **, ##p < 0.001 and *p < 0.05 by one-way ANOVA; ## Represents significant compared to NC and *Represents significant compared to DC 
(Scale bar indicates 100 µm and 20 µm).
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induced transcriptional activation (SPAB, 3 µg/mL – 10 
µg/mL, 22–25%) (p<0.001) (Figure 8D). Collectively, in- 
vitro findings suggest the probable involvement of NF-kB/ 
AP-1 pathway in SPAB mediated suppression of pro- 
inflammatory responses. Apparently, contribution of NF- 
kB signaling towards SPAB mediated amelioration of 
asthma pathology is limited. Therefore, the efficacy of 
SPAB in assuaging asthma associated inflammation is 
likely to be taking effect through other pathways as well.

Discussion
Use of traditional medicines is emerging as a new para-
digm for treating respiratory illnesses.37 Asthma is 
a chronic airway disease with limited therapeutic avenues. 
Use of traditional medicine as complementary in asthma 
treatment could help a subset of asthmatics. In the present 
study we have successfully evaluated the anti-asthmatic, 
anti-inflammatory and anti-oxidant properties of an Indian 
traditional mica/biotite-calx based medicine, Sahastraputi- 

Figure 6 Oral dosing of SPAB attenuates OVA-allergen induced pro-inflammatory cytokine levels. Whole lung tissue steady state mRNA expression levels of cytokines, (A) 
IL-5, (B) IL-13, (C) IL-33, (D) IFN-γ and (E) IL-1β. BAL Fluid was tested by ELISA for the cytokine levels of (F) IL-1β, (G) TNF-α and (H) IL-6 and proteins. mRNA changes 
were represented as relative fold change and cytokine levels were presented as pg/mL BALF. Data were presented as the means ± S.E.M (n= 4–6). **, ##p < 0.001 and *p < 
0.05 by one-way ANOVA. ##Represents significant compared to NC and **Represents significant compared to DC.
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Figure 7 SPAB modulates the oxidant/anti-oxidant levels in whole lung and BALF of allergic mice. Whole lung was homogenised and measured for markers of oxidative 
stress. (A) GPX activity, (B) CAT activity, (C) SOD activity, (D) GSH levels, (E) GSSG levels, (F) MDA levels and (G) EPO/MPO activity in whole lung and (H) MPO/EPO 
Activity in BAL fluid. Data were presented as the means ± S.E.M (n= 4–6). **, ##p < 0.001 and *p < 0.05 by one-way ANOVA.; ##Represents significant compared to NC and 
**Represents significant compared to DC.
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Abhrak-Bhasma (SPAB). We have demonstrated that in 
lungs, SPAB could ameliorate Ova-allergen induced 
inflammatory cell accumulation, peri-bronchial collagen 
deposition, mucus hyper secretion, epithelial thinking and 
allergen induced oxidative stress in-vivo; and pro- 
inflammatory cytokine expression and secretion in-vitro. 
Further, chemical analysis identified the presence of var-
ious silica rich compounds of therapeutic value in SPAB. 
Use of bhasma based traditional medicines for the asthma 
treatment have been well studied.23,38

Long term use of most popular corticosteroids and 
bronchodilators as therapeutic for reducing asthma symp-
toms comes at a long enduring side effects.5 These include 
immune suppression and susceptibility to co-morbidities 

and lung infections.39 Hence, alternative asthma therapeu-
tics that can mitigate asthma symptoms without immune 
suppression are needed. Use of traditional herbal 
medicines,40 metal based medicines8 for various respira-
tory diseases including asthma and COPD are in extensive 
use as complementary medicine. Bhasma are biologically 
processed ancient nano-medicines.9 SPAB is a mica 
(Biotite)-calx based medicine. When used directly, unpro-
cessed mica minerals may exert harmful effect on human 
body due to the presence of high quantities of trace- 
elements.41 SPAB was processed thermally and chemically 
for purification, detoxification and particle size reduction 
by incinerating a thousand times. In the present investiga-
tion, use of SPAB significantly abrogated various human 

Figure 8 SPAB suppresses the pro-inflammatory responses in BEAS2B cells and HEK Blue cells in-vitro. BEAS2B cells were incubated with different concentrations of SPAB 
for 24 hr and measured for (A) Cyto-safety, expressed as % cell viability. BEAS2B cells were pre-treated for 24 hr with SPAB followed by LPS+ SPAB co-treatment for 
another 24 hr. Spent cell culture medium was measured for the secretion of (B) IL-6 and (C) TNF-α cytokines by ELISA. AP-1/NF-kB-SEAP reporter assay. (D) AP-1/NF- 
kB-SEAP reporter HEK Blue cells were pre-treated with different doses SPAB for 6 hr followed by co-treatment with TNF-α for 24 and measured for SEAP activity. Data 
were presented as the means ± S.E.M (n= 3). **, ##p < 0.001 and *p < 0.05 by one-way ANOVA. ##Represents significant compared to NC and **Represents significant 
compared to LPS.
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endo-points of asthma in our mouse model of disease 
suggesting the therapeutic potential and experimental vali-
dation of SPAB.

Allergen induced leukocyte infiltration into lungs, speci-
fically, eosinophils and lymphocytes, mucus hypersecretion, 
airway remodelling and sub epithelial fibrosis results in 
morbidity and mortality in asthma.3,42,43 Previous reports 
loosely indicate that abhrak bhasma comprises anti- 
inflammatory properties and offers relief from chronic 
cough and asthma.44 In the present investigation treatment 
of allergic mice orally with SPAB protected from above 
mentioned asthmatic endpoints, indicating the ameliorative 
potential of SPAB against asthma-associated airway inflam-
mation. In line with our results, shatputi abhrak bhasma 
exerts immune modulatory properties by stimulating the 
phagocytic activity in leucocytes.18 In patient with TB, shat-
puti abhrak bhasma treatment provided better outcome by 
modulating cough, fever, dyspnoea, mucus, haemoptysis.45

Nano-particle based medicines are used for treating 
respiratory illnesses.37 Chemical fingerprinting of SPAB 
identified the presence of various silica rich, aluminium, 
iron and magnesium containing compounds. Rats fed with 
2000 mg/kg Abhrak bhasma did not induce any DNA 
damage and did not show any signs of genotoxicity and 
cytotoxicity.46 Further, intravenous injection of Biotite 
mica did not induce any changes in the cytokine levels 
of tumour necrosis factor alpha (TNF-α), interleukin (IL)- 
6, IL-12 and interferon gamma (IFN-γ) indicating the 
immunological safety of Biotite.47 Dietary supplementa-
tion of mouse with germanium biotite, rich in Aluminium 
Silicate, boosted lymphocyte proliferation and augmented 
the cytotoxic T-lymphocyte (CTL) percentage.48 

Aluminium Silicate exerted anti-viral effects by decreasing 
the titers of porcine reproductive and respiratory syndrome 
virus (PRRSV) in lungs and lymphoid tissues and pro-
moted clearance of PRRSV probably by increasing the 
CTL.48

In the present investigation, whole lung and BAL ana-
lysis identified that Ova-allergen induced the expression of 
cytokines, IL-5, IL-13, IL-33, IFN-ɣ and IL-1β in lungs, and 
IL-1β, TNF-α and IL-6 were significantly abrogated upon 
oral administration of SPAB. Th2 asthma is characterised 
by the increases in the levels of type 2 inflammation which 
is prominently mediated by eosinophils, mast cells, T-helper 
2 cells and basophils.49 Increased levels of IL-5 have been 
associated with eosinophilia.50 In our study, increases in the 
levels of IL-5 parallels the increases in the eosinophils. Th2 
inflammation is also associated with increased IL-13 

levels.49 Increases in the levels of IL-13 induces sub- 
epithelial fibrosis mucus hypersecretion.51 Allergen chal-
lenge in the present study increased the levels of IL-13 
and subsequent airway remodelling. IL-33 acts as alarm 
during endothelial and epithelial cell damage.52 In allergic 
inflammation, IL-33 plays a crucial role in type-2 innate 
immunity by activating, mast cells, eosinophils, basophils 
and macrophages.52 IFN-ɣ plays an important role in 
chronic stable asthma and acute severe asthma.53 Use of 
blocking antibodies for asthma treatment have limited effect 
as they are inadequate to prevent the complex instrumenta-
tion of allergic inflammation and clinical concerns in severe 
asthma.50 Importantly, SPAB treatment significantly abro-
gated the airway remodelling, eosinophilia and the levels of 
associated cytokines, indicating the therapeutic value of 
SPAB. Previous reports indicated that by increasing the 
expression of Th1 cytokines, IFN-γ and IL-12, Biotite 
exerted anti-bacterial activity54 and decreased the LPS 
induced TNF-α levels.55 Conversely, dietary supplementa-
tion of biotite boosts the expression of TNF-α, IFN-γ 
against foot-and-mouth disease virus vaccine, improving 
its immune-stimulatory capacity in pigs56 and cattle via 
the induction of humoral and cellular immune responses.57 

Our in-vitro results are in line with in-vivo findings, which 
indicate that SPAB reduced cytokine secretion from lung 
airway epithelial cells at least in part via modulation of NF- 
kB/AP-1 transcriptional activity. The partial effect of SPAB 
on NF-kB/AP-1 transcriptional activity leaves room for 
assuming involvement of other pathways in the process. 
Nevertheless, collectively, these results indicate the anti- 
inflammatory and immune modulatory properties of SPAB.

Maghemite (γ-Fe2O3), is emerging as promising 
nanotheranostic material due to its bio-compatibility, bio- 
degradability and magnetic properties.58 Previous reports 
indicate that γ-Fe2O3 experts anti-inflammatory properties 
by inhibiting macrophage M1 polarisation, secretion of 
LPS induced TNF-α, IL-1β and iNOS expression.59 In 
rat alveolar macrophages, iron oxides inhibited the secre-
tion of IL-6 by upregulating prostaglandin E2 levels.60 In 
osteoblasts, γ-Fe2O3 was capable of inducing the expres-
sion of integrin-α3 and α5 levels.59 In osteoclasts, it inhib-
ited the expression of MMP9, cathepsin K.59 Decrease in 
the levels of TNF-α, IL-1β and iNOS and increases in the 
prostaglandin E2 levels indicates the anti-inflammatory 
potential of maghamite in SPAB and possible role in the 
present anti-inflammatory and anti-asthmatic property of 
SPAB.
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Oxidative stress is an important confounding factor in 
aggravating asthma pathobiology61,62 and the cellular non- 
catalytic machinery such as glutathione system63 is the 
first line of defence against scavenging free radicals 
being generated under normal as well as pathological 
conditions non-specifically. The catalytic antioxidant sys-
tem such as SOD, peroxidase and catalase targets specific 
free radicals apart from acting as signalling intermediates 
for regulating cellular stress during asthma.61 In the pre-
sent work, SPAB was capable of restoring Ova-alteration 
in the activity of GPX, CAT, MPO/EPO, and levels of 
GSH, GSSG and MDA. The anti-oxidant properties of 
abhrak bhasma were evaluated in rats using CCl4 induced 
hepatotoxicity,64 testicular hyperthermia.65 Single dose of 
abhrak bhasma was capable of restoring GSH64 and 
MDA66 levels in liver and GSH, GSSG, GSH/GSSG 
ratio in testes.65 Conversely, in Drosophila system, SPAB 
was capable of suppressing anti-oxidant components with-
out any adverse effect on general free radical scavenging 
capability.67 Thus, the ingredients present in SPAB could 
be compensating for decreased anti-oxidant capacity.67

Non-dose dependent and non-linear pharmacological 
outcomes of SPAB are the apparent limitations of this 
study, which could be due to two plausible reasons. 
Firstly, it could be due to pleiotropic nature of SPAB that 
could be acting on several target molecules within the 
living organisms. Drug-receptor bindings have been 
shown to be extremely complex process, with varying 
degree of functional outputs that depends on several vari-
ables. It is therefore understandable to observe this type of 
non-dose dependent effects.68,69 In the case of in vivo 
studies, such effects are common, since the total observa-
ble effects depend on a milieu of physiological mediators 
of inflammatory homeostasis. In fact, similar non-dose 
dependent effects were observed for various other herbal 
drugs.70 Secondly, it is also possible that the dose of SPAB 
may provoke several physiological response mechanisms 
which may alter its effective concentration or several other 
factors too numerous to mention and thereby modulate its 
effect by compensatory mechanisms to maintain home-
ostasis. All in all, the specific purpose of undertaking 
this study to validate the prophylactic anti-inflammatory 
effect and ameliorative potential of SPAB against asthma 
associated airway inflammation, has been satisfyingly ful-
filled. It is duly acknowledged that with the observations 
from the current study, conclusions on the curative effect 
of SPAB cannot be drawn. A separated detailed study on 

this aspect is fittingly warranted that is quite apparent to 
become the most obvious spin-off in nearer future.

Conclusions
The significance of traditional medicine as a remedy in the 
management of asthma is undisputed. Identification of 
safe, reliable and affordable therapeutic options are needed 
as whole or complementary therapy for asthma manage-
ment. We have experimentally validated the anti- 
inflammatory properties of traditional Indian-medicine, 
Sahastraputi-Abhrak-Bhasma (SPAB) and demonstrated 
that SPAB could reduce the classic signs of asthma asso-
ciated airway inflammation, such as allergen induced 
inflammation, mucus hypersecretion, collagen deposition 
and oxidative stress in-vivo and cytokine secretion in- 
vitro. Hence, this study provides strong implications on 
the suitability of including the biotite-calx based medicine, 
Sahastraputi-Abhrak-Bhasma as an effective prophylactic 
adjunct therapy in asthma management.
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