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ABSTRACT 

Objective: To develop a herbal formulation combining four ingredients namely Ocimum sanctum, Green tea, Nyctanthes arbor-tristis and  Hygrophila 
auriculata  to combat infections which affects the respiratory system leading to inflammation, stress and other complications.  
Method: The management of respiratory conditions was tried with the low cost multi herbal preparation IM-SSS 20.We have developed a herbal 
formulation combining four ingredients namely Ocimum sanctum, Green tea, Nyctanthes arbor-tristis  and  Hygrophila auriculata. Plant secondary 
metabolites in the developed multi-herbal formulation (MHF) (IM-SSS-20) were detected through quantitative analysis. Anti-bacterial and anti-
fungal activity of the IM-SSS-20 were also determined. In-vitro clinical study was done to measure the haematological parameters like Haemoglobin 
(Hb), Haematocrit (PCV), Total RBC (RBC) and Total WBC (TC)  and estimate the expression of  several biomarkers like IL-6, IL-8, IL-10 and TNF-α. 
Results: The phtyochemicals like triterpenes, flavonoids, saponins, and tannins were abundantly found in the IMSSS-20 extract. The inhibitory 
action of IM-SSS20 was dose dependent and significant anti-bacterial activity was seen in the case of Escherichia coli followed by Streptococcus 
aureus and Klebsiella pneumonia respectively. The IM-SSS 20 also showed antifungal activity, the activity was maximum in case of C. albicans and 
was least for A.niger. In this study we observed a lower value of hemoglobin, hematocrit, total RBC and total WBC in respiratory infected patients. 
IM-SSS20 was effective in normalizing the concentration of Hb, PCV, RBC and TC.  
Conclusion: The multi-herbal formulation IM-SSS20 showed promising results in-vitro studies and further studies are required to explore its 
efficacy in humans. This low-cost formulation can improve health as well as economy of the developing countries. 

Keywords: Respiratory diseases, Ocimum sanctum, Green tea, Nyctanthes arbor-tristis  and  Hygrophila auriculata. 

  

INTRODUCTION 

Respiratory complaints like cough, cold, and catarrh are commonly 
encountered in our daily life and have a significant impact on health 
all over the world. Respiratory diseases remain a big public health 
challenge for both the advanced and emergent nations because of 
their frequency and economic impacts. Viruses, especially rhino 
viruses are the root cause of most of the catarrhal disorders but 
individuals suffering from temporary or permanent asthenia of the 
immune system can also develop a secondary bacterial infection.  
Symptomatic treatment of such respiratory diseases include 
measures which improve the normal functioning of the mucous 
membranes of the upper respiratory tract, lessen symptoms of cold, 
and boosts the immune response.  

According to the report published by the Forum of International 
Respiratory Societies, the main contributors to the respiratory 
disease burden are acute respiratory infections, asthma, 
tuberculosis (TB), chronic obstructive pulmonary disease (COPD), 
and lung cancer [1]. The respiratory diseases namely, infections of 
lower respiratory tract, COPD, TB, and lung cancer, are one of prime 
reasons of morbidity and mortality all over the world [2-6]. In the 
year 2016, 92.5 million disability-adjusted life years (DALYs) were 
lost as a result of  chronic respiratory diseases worldwide [7]. 

Acute uncomplicated bronchitis, pharyngitis, rhino sinusitis, and the 
common cold are some of the symptoms associated with acute 
respiratory tract infection,which are mostly viral and antibiotics are 
used in treatment [8-9]. Antibiotics resistance can happen due to 
over usage  causing adverse effects, including anaphylaxis and cost 
escalation [8-9]. The multi- herbal preparation has herbs which can 
have immune-stimulating and inflammation-modulating effects. 

This, in turn, can help prevent immune overreaction ("cytokine 
storm") and still helping the immune system cope better with the 
infections.   

The standard treatment protocol for COPD is to relieve associated 
symptoms, prevent recurrent exacerbations,  to preserve optimal 
lung function and  improve the quality of life [10]. Complementary 
and alternative medicine (CAM) as well as herbal medicines have 
gained popularity because of adverse effects and disappointing 
treatment results of conventional drugs [11]. It has also been 
observed that a low concentration of Haemoglobin is observed in 
patients suffering from COPD [12-13]. 

As documented by the survey results of the National Asthma 
Campaign, 60% - 70% of people suffering from asthma had used 
CAM, where plant based drugs occupied third position in terms of  
popularity amongst adults (11%) and children (6%) to get relieve 
[14]. 

TB is one of the most prevalent disease in the world and is a 
severely pathogenic in HIV/AIDS patients. It has been reported by 
some of the researchers that half of TB survivors develop persistent 
pulmonary dysfunction despite microbiologic cure, [15-18] which 
puts the survivors at an increased risk to death [19-22]. Multidrug 
resistance and Extensively drug resistance TB calls for exploration 
for new anti-TB drugs. The search for novel anti-mycobacterial 
drugs leads to phyto-drugs which enhances safety and minimizes  
infection and side effects. Treatment of Lung cancer is very difficult 
because of multi-drug resistance and side effects so herbal 
formulation can bring a ray of hope with few side effects and high 
treatment outcomes by enhancing the quality of life and increasing 
the survival time of such patients. 
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The health benefits of these herbs namely Ocimum sanctum, 
Nyctanthes arbor-tristis and Hygrophila auriculata and many more 
are not only well documented in our Indian ancient scriptures but 
also in present-day literature [23-26]. 

Ocimum sanctum an aromatic shrub, commonly known as holy basil 
or Tulsi is belonging to the family Lamiaceae (tribe ocimeae). In 
Ayurveda which is the world's oldest medical system, Tulsi is 
known as "Queen of Herbs" because of its all-round medicinal 
properties including psychological and physiological benefits[27-
33].The extracts of Tulsi leaf  are documented in the treating 
bronchitis, rheumatism and pyrexia in Indian Materia Medica[34]. 
Studies have highlighted the anti‑bacterial, anti‑viral, anti-cancer 
[35] and antifungal activity of tulsi  [36] and it also revealed that 
Tulsi enhanced immune responses [37]   as well can reduce stress, 
anxiety and depression in humans[38]. Rama and Krishna Tulsi are 
two botanically and phytochemically distinct cultivars  of Ocimum 
sanctum L.[39-40]. Many of the physiological benefits of Tulsi are 
often attributed to its high content of phenolic compounds and 
antioxidant properties, with Krishna Tulsi showing higher phenolic 
content and anti‑oxidant [41]. 49 components were found in dried 
leaf powder , out of which, the major components were 1-Methyl 
eugenol, 2-Eugenol, 1-Stigmast-5-en-3-ol, 2-Stigmast-5, 22-dien-3-
ol, 2-Neophytadiene, 2-Octadecane, 3-β-caryophylene, 3-Methyl 
eugenol, etc [42]. Alkaloids, flavonoids, tannins and carbohydrates 
are present in  aqueous extract of Ocimum sanctum leaves[31,43].  

Camellia sinensis L. commonly known as tea is a cultivated 
evergreen plant, which spread to India from China. Tea is only 
second to water in popularity as a drink [44]. It also boasts of 
having potential health benefits which can have important 
implications on human health [45-50]. Tea leaves are characterized 
based on the levels of antioxidant and degree of fermentation and 
thus three major forms namely the green tea, oolong tea, and black 
tea are available on this basis. [45,51]. Polyphenols , alkaloids, 
polysaccharides, volatile oils, amino acids, lipids, vitamins (e.g., 
vitamin C) and inorganic elements like F,Mn,Cr, Se, Ca, Mg, and Zn) 
are present in tea leaves. The flavonoids impart the antioxidant, 
anti-inflammatory, antiallergic and anti-microbial properties, which 
are characteristics of tea[52]. Epigallocatechin gallate (EGCG) is the 
most active component out of the six primary catechins  present in 
Green tea. The catechins are exerting the  antimicrobial and 
antiviral activities against infections. The polyphenols impart health 
benefits tea. Green tea contains more polyphenol and less caffeine 
and is mild with no adverse side effects, we are using green tea as 
one of our ingredients. Green tea also helps in digestion, lowering of 
body temperature and boosting the immune system as well as 
lowers blood sugar levels. The   anti-carcinogenic mechanism 
encompasses the cellular immune function and inhibition of tumor 
growth[53]. Micronutrients present in green tea helps in 
strengthening the body cells. A stronger immune system, enhances 
tissue and cell repair thus the body retains its healing capability. 
The presence of antioxidants,vitamins, mineral products,caffeine, 
detoxifying and antibacterial agents in tea help in strengthening 
immunity.  Tea is also a rich source of fluoride which is responsible 
for antiviral activities[49]. 

Nyctanthes arbor-tristis also known as Coral jasmine or night 
jasmine is a shrub growing to a height of about 10 meters belonging 

to the Oleaceae family and their leaves has been used by physicians 
who are practitioners of Ayurveda for a number of ailments like 
liver disorders, obstinate sciatica, arthritis, intestinal worm, 
malaria, and in alleviating gynecological problems. It has also been 
used as a tonic, and laxative as well as an analgesic, anti-viral, 
antipyretic, anti-allergic and ulcerogenic potencies[54-64]. The high 
therapeutic efficacy of Nyctanthes arbor-tristis is because of the 
presence of the nyctanthic acid, B-Sitosterol,  D-mannitol, tannic , 
lenoliec and oleic acids in the leaves [65]. It is a known fact that  
anti-inflammatory effect is due to lenoleic acid.  

Hygrophila auriculata (K. Schum) Heine commonly known as 
Kulekhara belongs to the family Acanthaceae has been used in 
traditional practice for many years and it is a commonly found wild 
herb throughout India. Hygrophila auriculata has been also widely 
distributed and used as traditional medicine by our neighboring 
countries like Sri Lanka, Burma and Nepal. Modern pharmacological 
studies have generally confirmed the traditional uses of Hygrophila 
auriculata and their extracts for the treating number of diseased 
states [66-70]. The decoctions of the young leaves are taken orally 
for two consecutive weeks in an empty stomach to treat anemia. 
The leaves contain alkaloids, carbohydrates, proteins, steroids, 
glycosides, flavonoids (gallic acid and quercetin), tannins, phenolic 
compounds, fats, and oils[71,72]. The results of the study 
undertaken by A. Gomes et. al. documented that  ethanolic extract of 
Kulekhara leaves caused a significant increase in hemoglobin, 
hematocrit, RBC, Total WBC count and Total Iron Binding Capacity 
in male albino anaemic rats [73]. The study undertaken by authors 
to quantitate micronutrients present in leaves of Hygrophila 
auriculata, confirmed the presence of vitamin-C, iron, potassium, 
sodium, copper , calcium and  β-carotene [74]. Iron absorption is 
enhanced by the co-ingestion of vitamin-C because ascorbic acid 
helps to reduce the ferric (Fe3+) to ferrous (Fe2+) form of iron and it 
also binds or chelates the ferrous form, which allows iron to be 
absorbed in the intestinal brush border [75].  

With this background, the study was undertaken to prepare a 
polyherbal preparation to combat the effect of multi-facet clinical 
outcomes of respiratory diseases and give relief to people at large 
who are tired of the adverse effects and high cost of available 
medications. We have prepared the formulation IM-SSS20 with the 
ingredients which are easily and abundantly available at a very low 
cost showing no adverse reactions in our studies. We have carried 
out the study with a set of four dilutions (25%, 50%, 75% and 100 
%) of IM-SSS20. 

MATERIALS AND METHOD 

Collection and Authentication of the Herbs 

All raw medicinal plants were collected from registered local herbal 
suppliers and authenticated by pharmacognosist. They were further 
identified by an expert taxonomist and kept as a voucher specimen. 
The identification was based on Ayurvedic parameters such as 
Varna (color), Gandha (odor), Ruchi (taste), Akriti (shape) and 
Parimana (size). The plants and plant parts used in the preparation 
of the extract are listed in Table 1. 

Table 1: Composition of ingredient(s) present in IM-SSS20 

Scientific Name Family Name Common Name English Names Part Used Source Amount* 
Ocimum sanctum Lamiaceae Tulsi Holy basil Leaves & Stems India 50 mg 
Camellia sinensis Theaceae Green tea Tea Leaves India 50 mg 
Nyctanthes  
arbor-tristis 

Oleaceae Seuli Harsingar Leaves  India 25 mg 

Hygrophila auriculata  Acanthaceae Kulekhara Swampweeds Stems & Leaves  India 25 mg 
* Amount required for preparation of 5 ml extract. 

Table 2: Qualitative analysis of the phytochemical constituents of multi herbal formulation (IM-SSS20) 

Phytochemicals  DM EA AQ ET ME AQM AQE 
Sterols  (+) (+) (++) (++) (+) (+) (+) 
Triterpenes  (+) (-) (+++) (+) (+) (-) (-) 
Flavonoids  (++) (++) (+++) (++) (++) (+) (+) 

https://www.google.com/search?biw=1366&bih=657&sxsrf=ALeKk03RnBRbQrnEycLuO6Ws5Ookx_LgOA:1590297104742&q=Theaceae&stick=H4sIAAAAAAAAAONgVuLUz9U3MCqPN6haxMoRkpGamJyamAoAcQawpxgAAAA&sa=X&ved=2ahUKEwiPzI-w3svpAhXkjuYKHSi3A2YQmxMoATAgegQIBBAD
https://www.google.com/search?biw=1366&bih=657&sxsrf=ALeKk01U1682gI6pBCncYZqTpFS5HY9VAQ:1590297287250&q=Oleaceae&stick=H4sIAAAAAAAAAONgVuLQz9U3yM42MF_EyuGfk5qYnJqYCgDjPIJnFwAAAA&sa=X&ved=2ahUKEwiU6ZKH38vpAhVA7HMBHTawBQQQmxMoATAdegQIFxAD
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Alkaloids  (++) (+) (++) (+) (+) (+) (+) 
Saponins  (+) (+) (++) (+) (+) (+) (+) 
Glycosides (+) (+) (++) (++) (++) (-) (-) 
Tannins  (+) (+) (+++) (+) (+) (+) (+) 

(+) = traces, (++) = moderate, (+++) = abundant, (-) = absence of constituents 
DM: Dichloromethane, EA: Ethyl alcohol, AQ: Water, ET: Ethanol, ME: Methanol, AQM: Aqueous methanol (80%), AQE: Aqueous ethanol 

(80%). 
 

Table 3: Routine Quality Control analysis of multi herbal formulation (IM-SSS20) 

Sl. No.  Test Results 
1. Description A brown colour liquid 
2. Wt. per ml 1.189 g 
3. pH 6.88 
4. Order Characteristic 
5. Homogeneity Uniform 
6. Total ash <5% w/w 
7. LOD 46 
8. Bacterial Limit Test 243 cfu/ml 

Table 4: Total polyphenol and flavonoids content of multi herbal formulation (IM-SSS20) 

Extract   Total Polyphenols content gGAE/100g RM Total flavonoids content gQE/100g RM 
DM 2.46 ± 0.73a 0.89 ± 0.04b 
EA 2.32 ± 0.37a 0.48 ± 0.02a 
AQ 8.64 ± 0.47d 1.21 ± 0.03d 
ET 4.51 ± 0.51b 1.52 ± 0.06e 
ME 5.70 ± 0.53c 1.10 ± 0.04c 
AQM 4.11 ± 0.44c 0.91 ± 0.05b 
AQE 5.89 ± 0.51c 0.97 ± 0.04c 

DM: Dichloromethane, EA: Ethyl alcohol, AQ: Water, ET: Ethanol, ME: Methanol, AQM: Aqueous methanol (80%), AQE: Aqueous ethanol 
(80%). 
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Fig.1: In-vitro antioxidant activity of IM-SSS20. A. DPPH scavenging activity, B. OH radical scavenging activity C. Superoxide radical 
scavenging activity D. Nitric oxide radical activity E. Reducing power. DM: Dichloromethane, EA:  Ethyl Alcohol, AQ: Water, ET: Ethanol, 

ME: Methanol, AQM: Aqueous methanol (80%), AQE: Aqueous ethanol (80%) 
 

 
 

 

 
 

Fig.2: A. Antifungal activity of IM-SSS20 upon respiratory disease effected subjects. Data represent mean ± standard deviation. B. 
Antibacterial activity of IM-SSS20 upon respiratory disease effected subjects. Data represent mean ± standard deviation. 
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Fig.3: Immunological activity of IM-SSS20 upon respiratory disease effected subjects. Data represent mean ± standard deviation (n=5). i) 
Level of IL-6, ii) Level of IL-8, iii) Level of IL-10, iv) Level of TNF-α 

 
 
 
Fig.4: Determination of Haematological activity of IM-SSS20 upon respiratory disease effected subjects. Data represent mean ± standard 
deviation (n=5). (a) Haemoglobin (Hb) concentration, (b) Haematocrit value, (c) Total RBC count (d) Total WBC count. 
 

 



Innoriginal International Journal of Sciences | Volume 7 | Issue 6 | Nov-Dec 2020 | 1-11 

6 

 
Fig.5: Main active components of the multi-herbal preparation IM-SSS20

Preparation of Extract 

Fresh parts of the medicinal plants were first air-dried after 
cleaning with double distilled water and kept in an oven at 80ºC for 
10 min and 60ºC for 30 min and grounded by a blade mill to a fine 
powder. After that the polar fraction was extracted by modified 
method of Taamalli et al. (2015) [76]. 10 ml of methanol was used 
to dissolve 5 gm of dry plant parts and sonicated for 30 min using an 
ultrasonic bath at room temperature, centrifuged at 3000 rpm for 
15 min and the supernatant was collected, process repeated four 
times, finally supernatant was evaporated under reduced pressure 
at 35°C in a rotary evaporator. 3 ml of methanol was used to 
reconstitute the residue, filtered using Whatman filter paper (GE 
Healthcare and Life Sciences, MA, USA) and kept at 4ºC for further 
use. 

Quality Control analysis  

Wt. per ml, pH, homogeneity, total ash, LOD and bacterial limit tests 
were carried out according to the standard pharmaceutical protocol 
(IP-2014).   

Phytochemical screening 

Various essential plant secondary metabolites such as sterols and 
triterpenes, Mg2+ turning test of flavonoids, alkaloids, saponins, 
glycosides, tannins, phenolic content, total flavonoids content in the 
developed multi-herbal formulation (IM-SSS-20) were detected 
through quantitative analysis with slight modification as described 
by Evans and Gueverra [77,78]. 

In vitro Study  

 DPPH radical scavenging activity 

To determine the free radical scavenging activity of IM-SSS20, DPPH 
method was used. 0.5 ml of IM-SSS20 extract was added to 3.0 ml of 
freshly prepared 0.1 mM DPPH (ethanolic) solution  in different 
concentrations [81]. The reaction was carried out at 535 nm for 30 
min. Antiradical power (ARP) and effective concentration fifty 
(EC50) were measured at different concentrations. 

Percentage Inhibition= AbsControl-AbsTestAbsControl ×100% 

Effective 50% of the concentration value that scavenged 50% of the 
DPPH radicals and antiradical power (ARP or AE) is the reciprocal 
of it (AE=1/EC50). The reference compounds used were ascorbic 
acid and quercetin. 

Hydroxyl radical scavenging activity 

The method of Erica et. al. was used to determine the hydroxyl 
radical scavenging activity  [82]. The mixture containing 1.0 ml iron-
EDTA solution, 0.5 ml 0.018% EDTA, 1.0 ml DMSO and 0.22% 
ascorbic acid was added to 1.0 ml of extract in different 
concentration, and heated in water bath (80˚-90˚C) for 15 min. The 
reaction was terminated by adding 1.0 ml ice cold TCA (17.5%) and 
3.0 ml NASH reagent and incubated for 15 min at RT. The intensity 
of the yellow color formed was measured at 412 nm. 

Superoxide free radical scavenging activity 

The removal rate of xanthine/xanthine oxidase -generated from the 
substances, was used to determine Superoxide free radical 
scavenging activity  [83]. 0.9 ml of tetrazolium blue solution was 
added to 0.1 ml plant extract of different concentrations. After 
which 1 mL of xanthine oxidase solution (0.05 units/ml PBE) was 
added very carefully and incubated for 20 min at 37˚C. Before 
termination of the reaction 2.0 ml of 2N HCl was added for 
developing the colour. Optical reading was taken at 560 nm against 
a blank.       

Nitric oxide scavenging activity 

The standard protocol  was used to measure Nitric oxide scavenging 
activity [84].  2.0 ml of 10 mM sodium nitroprusside was prepared 
in 0.1 M phosphate buffer, pH 7.4 and was taken in a conical flask 

and then 0.15 ml plant extract in varied concentrations was added. 
The solution was incubated at room temperature for 2h. After 2h, 5 
ml Griess reagent was added. The absorbance of chromophore was 
measured at 546 nm.  

Reducing power assay 

Determination of reducing power of IM-SSS20 was done by the 
method of Abdullahi with slight modification [85]. In brief the 
initiation reaction was started by adding 2.5 ml  extract, 2.5 ml 
phosphate buffer and 1% potassium ferricyanide and shaking 
gently, the mixture was then placed in a water bath at 50°C for 20 
min.The solution was cooled and   2.5 ml of 10% trichloroacetic acid 
(TCA) was added to it. It was then centrifuged at 3,000 rpm for 10 
min.   5 ml of distilled water  was mixed with 5.0 ml fraction from 
the supernatant and 1ml of 1% ferric chloride was added and 
resulting solution was incubated at room temperature for 10 min. 
The absorbance was noted at 700nm.    

Antibacterial activity of IM-SSS20 

 Five bacterial pathogens namely Streptococcus aureus, 
Staphylococcus pyogenes, Staphylococcus typhi, Escherichia coli and 
Klebsiella pneumonia were used to determine  antimicrobial activity 
of developed formulation IM-SSS20 [86]. Tetracycline was used as a 
positive control. Nutrient broth was used for culturing the microbes 
and then placed for incubation at 37 ° C for 24hours and seeded in 
Mueller-Hinton sterile agar plates. The plates were left undisturbed 
for about 10 minutes to enhance the culture.  A set of four dilutions 
(25 µg/ml, 50 µg/ml, 75 µg/ml and 100 µg/ml of the herbal extract 
IM-SSS20 was used. The whole procedure was repeated for three 
times for obtaining the precise result. 

Antifungal activity of IM-SSS20 

To determine the in-vitro antifungal activity of IM-SSS20 we used 
three fungal pathogens namely A. niger, Aspergillus oryzae, and 
Candida albicans [86]. The plates were prepared with Potato 
dextrose agar (PDA) media and inoculated carefully with the fungal 
pathogens after the solidification of PDA. Five wells of size 5 mm 
were cut out on the agar plates. A set of four dilutions such as 25 
µg/ml, 50 µg/ml , 75 µg/ml  and 100 µg/ml of the plant extract IM-
SSS20 and antifungal agent (positive control) ketoconazole (20 
mg/ml) was introduced in well. At room temperature, the plates 
were incubated for 3–4 days. After 3 days, the zone of inhibition 
obtained  was measured. 

Clinical Chemistry 

Analysis of selected Hematological parameters and biomarkers 

The blood samples of patients having respiratory diseases were 
collected from the pathological laboratory of Government Hospital 
along with persons having no respiratory diseases. The following 
hematological parameters namely Haemoglobin (Hb), Haematocrit 
(PCV), Total RBC (RBC) and Total WBC (TC) were measured on a 
fully automated 3-part differential hematology analyzer ( Abacus 
Junior Vet 5, Austria) [87]. The blood samples were treated with a 
set of three dilutions (25%, 50 and 100 %) of IM-SSS20 to 
determine its effect on the concentration of Hb, PCV, RBC and TC in 
vitro.  ELISA test was used to measure biomarkers like Interleukin-
6, Interleukin-8, Interleukin-10, and Tumor necrosis factor -α  [88]. 
The effect of IM-SSS20 on the values of these biomarkers was also 
evaluated using the graded concentration of the herbal extract IM-
SSS20. 

Statistical Analysis 

Analysis of Variance (ANOVA) was used as an exploratory tool to 
determine the significance of variation of hematological parameters 
after treatment with IM-SSS20 in vitro. Data are presented as mean 
±SD.   

RESULTS 

The composition of the polyherbal preparation IM-SSS 20 is given in 
Table 1. We have extracted the plant materials in seven well-known 
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solvents and evaluated various properties including extraction 
efficiency, the quantity of various phytochemicals extracted and 
antioxidant activity to choose the best one. The highest yield was 
obtained with AQE  while with EA the yield was the lowest. 

Quality Control analysis  

The developed multi-herbal formulation (IM-SSS20) was a clear 
brown color liquid extract with a characteristic odour (Table 2). 
Results depict that its Wt. per ml is 1.189 g and pH 6.88. The 
developed extract is uniform in nature. Total ash content is <5% 
w/w and LOD is 46 within the IP limit. 243 cfu/ml found in the 
bacterial Limit Test showed less bioburden and less pathological 
load. This formulation complies with the entire relevant quality 
control test as per Indian Pharmacopoeia limit.   

Phytochemical constituents  

From the qualitative analysis (Table 3) of the plant secondary 
metabolites of IM-SSS20 multi extract, it is observed that sterols are 
present in trace amounts, alkaloids and glycosides are in moderate 
amount, but triterpenes, flavonoids, saponins, and tannins are 
abundantly available. In the dichloromethane (DM) extract, sterols 
were abundant flavonoids, alkaloids, and glycosides were 
moderately present and saponins were detected in trace amount. in 
the ethyl alcohol (EA) extract triterpenes were not detected.  In the 
aqueous extract (AQ) all the above phytochemical constituents were 
detected abundantly.  We can conclude that more polar secondary 
metabolites were extracted with the solvents used as compared to 
non-polar metabolites. 

Total polyphenol and flavonoids content  

Spectrophotomeric method was used to determine the total 
phenolic compounds and flavonoids of the different solvent extracts. 
The concentrations of total phenolics was higher compared to that 
of total flavonoids. Table 4 represents the total phenolic and 
flavonoids content present in  the different extracts of IM-SSS20. A 
significant variation (P<0.05) in the total content of phenolic and 
flavonoids for the five different extracts of IM-SSS20 was found. The 
total polyphenol content in EA  (2.32±0.37) gGAE/100gRM, and in 
AQ was  highest (8.64±0.47) gGAE/100gRM . The total flavonoids 
content was lowest in  EA (0.48±0.02) gQE/100gRM but highest in 
AQ (1.52±0.06) gQE/100gRM . 

In vitro Study 

In vitro study was performed to confirm the high antioxidant 
content of the multi herbal extract. For this, we evaluated DPPH, 
hydroxyl, nitric oxide and superoxide free radical scavenging 
activity of the multi herbal  extract. The results are given in Fig. 1A-
D. In  organic fractions of the extract, it was observed that 
increasing polarity of the solvent increased the DPPH radical 
scavenging capacities and higher DPPH scavenging activities was 
seen in all aqueous fractions  which had a positive correlation with 
TPC. In case of AQE fraction, the observed EC50 and ARP (or AE) 
values (EC50=0.065 mg/mg DPPH; AE=15.4) found to be 
comparable to quercetin (EC50=0.06 mg/mg DPPH; AE=16.6) and 
even better than Trolox (EC50=0.096 mg/mg DPPH; AE=10.4), the 
two well-known standards frequently used to compare antioxidant 
efficacy. In aqueous fractions higher superoxide scavenging activity  
was observed in comparison to organic fractions. The neutralization 
of O2- radicals are carried by various phenols present in the extract 
through hydrogen donation and inhibition of xanthine oxidase. AQE 
fractions showed significantly higher activity (p<0.05 compared to 
other solvents) in terms of hydroxyl free radical and nitric oxide 
scavenging. 

The data from in vitro antibacterial study revealed that the 
inhibitory action of herbal extract IM-SSS20 was dependent on the 
dose, increasing with an increase in concentration. The inhibitory 
action on different pathogens was also variable. Significant activity 
was seen in the case of Escherichia coli which was followed by 
Streptococcus aureus and Klebsiella pneumonia. 

Staphylococcus pyogenes and  Staphylococcus typhi showed less 
inhibition as seen from Fig. 2 and the results reveal that the 
different concentrations of herbal extract IM-SSS20 showed efficient 

antifungal activity for three fungal pathogens taken. The antifungal 
activity was more for C. albicans and was least for A.niger. We can 
conclude that the herbal extract possesses the antimicrobial 
property. 

The values of Interleukin-6, Interleukin-8,Interleukin-10 and Tumor 
necrosis factor -α  were significantly elevated in patients with 
respiratory disease and the elevated levels of these biomarkers 
were found to decrease on treatment with the IM-SSS20 extract as 
seen in Fig.3. 

It was observed that values of Hb, PCV, RBC and TC in blood of 
patients with respiratory diseases was less than that compared with 
a person who was not infected by respiratory diseases (Fig. 4)The 
prepared herbal extract IM-SSS20 was effective in increasing the 
concentration of Hb, PCV, RBC and TC in vitro. The maximum 
increase was found to be with 100% of IM-SSS20 extract. We can 
summarize that the increase was in a dose-dependent fashion. 

DISCUSSION  

Scientific reports [89, 90] confirmed that secondary metabolites of 
the plants were associated with various bio-activities and showed 
inhibitory action against microorganisms and pathogens. Upon 
these different metabolites, alkaloids has extensive antimicrobial 
and antiviral activities [91]. On the other hand research established 
that other metabolites like flavonoids, glycosides, saponins, 
triterpenes, tannins and sterols have potent anti-pathogenic activity 
[92-97] 

In-vitro study showed that our newly developed multi herbal 
combination (IM-SSS20) have different plant secondary metabolites 
in seven solvents used, namely, DM: Dichloromethane, EA: Ethyl 
alcohol, AQ: Water, ET: Ethanol, ME: Methanol, AQM: Aqueous 
methanol (80%), AQE:  Aqueous ethanol (80%). In this experiment 
aqueous (AQ) extracts of the multi herbal extract have optimum 
secondary metabolites like flavonoids, glycosides, saponins, 
triterpenes, tannins and sterols. Other solvent extracts like DM, EA, 
ET and ME showed moderate secondary metabolites. Sterols and 
glycosides were completely absent in AQM (80%), and AQE(80%) 
solvent extract. The stated phyto constituents present in the 
aqueous (AQ) extracts have significant bio-activity against 
microorganisms and pathogens.    

The structure-antioxidant activity relationships of flavonoids and 
phenolic acids  in aqueous or lipophilic systems have been 
extensively reported. [98]. Antioxidants activity of phenolic 
compounds are due to the presence of hydroxyl substituents and 
their aromatic structure,  enabling them to scavenge free radicals 
[99]. The content of flavonoids are considered as an important 
index for evaluating extract quality and are responsible for the 
biological activities [100]. It is evident from Fig. 5 the phenolic and 
flavonoids compounds are chief components of IM-SSS20 and are 
responsible for antioxidant properties.  The aqueous extract (AQ) 
showed higher concentrations of total phenolics than total 
flavonoids compared all the different solvent extracts [101]. The 
routine Quality Control analysis of multi herbal formulation (IM-
SSS20) indicate that the developed drug complies with all the 
relevant parameters as per IP 2014 specification. Medicines from 
plant sources have gained global importance because of medicinal 
and economical importance [102]. The widespread sale of 
adulterated products and misleading health claims of herbal 
products require stringent regulations. [103]. Generally most of the 
plants have more than one key ingredient which carries 
antimicrobial property. Herbs containing in IM-SSS20 also have 
some antimicrobial activity which shows its medicinal values 
against diseases. IM-SSS20 at concentration of 75 µg/ml and 100 
µg/ml showed higher antimicrobial activity than the standard drug 
Tetracycline  in the inhibiting the growth of E. coli, S. aureus, K. 
pneumonia, S. typhi and S.pyogens. Thus this superior antimicrobial 
activity was because the various active ingredients released form 
medicinal plants penetrated and disrupted the cell membrane of 
bacteria [104-105]. 

An important site of immune regulation is the respiratory tract and 
is responsible for protective immune responses, minimizes tissue 
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damage and  avoids aberrant inflammatory responses. against 
inhaled allergens [106]. In lung tissues key regulators of immune 
response are the cytokines transforming growth factor β, IL- 10, IL-
27, and IL-35. The role played by all cytokines (more than 50) in  
pathophysiology of asthma and COPD is often obscure [107-108]. T 
cells release cytokines predominantly, which are responsible for  
inflammation in asthma and COPD cases [109-12]. In-vitro clinical 
study clearly stated that during respiratory disease blood 
interleukins and cytokine levels as IL-6, IL-8, IL-10 and TNF-α 
significantly elevated which disrupt the normal cellular homeostasis 
and breakdown the immunological balance. Dose-dependent 
treatment with IM-SSS20 controls this alteration by normalizing the 
cytokines levels as compared with normal patients. Developed 
natural therapy (IM-SSS20) somehow prevent pathogenic 
respiratory infection and maintains the body's immunological 
integrity.     

Erythropoiesis is regulated by number of factors and can manifest 
as either anemia or polycythemia in patients with COPD [113-14]. 
The various study stated that anemia in COPD patients lead to 
decreased hemoglobin levels, hematocrit values and decreased 
number of red blood cells (RBC) [115-16]. In this study we observed 
a lower value of hemoglobin, hematocrit, total RBC and total WBC in 
respiratory infected patients. This observation again confirms that 
patients effected by various respiratory problems have a lower level 
of hemoglobin (Hb) which suggests the patients are prone to 
anemia. Lower RBC and WBC count further confirm the respiratory 
diseases subjects might have lower immunity. In-vitro treatment 
with IM-SSS-20 normalized the condition. Further in-vivo clinical 
study needed for better clarification. 

CONCLUSION 

We can conclude from this preliminary study that the multi-herbal 
formulation IM-SSS20 showed promising results in-vitro studies 
and further studies are required to explore its efficacy in humans. 
We are hopeful that with extensive research the same effects could 
be reproduced in humans and can help humanity with a low cost, 
easily available ingredients with no adverse effects. This could be 
the next potential leap in the field of healthspan research. 

In the present age coronavirus has become a household name and 
this deadly virus has brought the racing humans to a standstill 
position. The world's scientists, healthcare professionals and 
experts are all working day and night to give solution to this 
problem. Many countries were locked down for days to stop the 
community transmission of this disease, which is a precautionary 
measure but not a solution. It has been reported that Coronavirus 
manifests respiratory illness (as in flu) which shows preliminary 
symptoms of cough, fever, and in severe cases, breathing difficulty. 
It is a little premature but the authors are hopeful that this multi- 
herbal formulation can be useful in treating COVID-19 patients 
because of its ability to reduce the levels of biomarkers like IL-6, IL-
8, IL-10 and TNF-α which get elevated during respiratory infections 
as well elevate the levels of hematological parameters like 
Haemoglobin (Hb), Haematocrit (PCV), Total RBC (RBC) and Total 
WBC (TC) which decreased during infection[117]. 

Funding source  

There is no funding support for this article. 

Declaration of competing interests 

The authors declare they have no competing interest 

Acknowledgments 

The authors acknowledge all the faculties, scholars and staff of 
Faculty Council of Science, Jadavpur University, RCC Institute of 
Information Technology and Dey's Medical Stores (Mfg.) Ltd. for 
their enormous effort and support to sum-up this report for the 
benefit of mankind during this pandemic situation. The authors are 
also thankful to the Director of Bioequivalence Study Centre, 
Jadavpur University for his valuable support. 

Consent for publication 

All authors totally agreed for the publication of this research 

Availability of data and material 

Research data and materials can be provided on request. 

Author Contributions   

#S.A. and S.D. contributed equally. 

Note The authors declare no competing financial interest. 

REFERENCES 

1. Forum of International Respiratory Societies (FIRS). 
Respiratory diseases in the world: realities of today—
opportunities for tomorrow [Internet]. Sheffield (UK): 
European Respiratory Society; 2013 [accessed 20 Nov 2013]. 
Available from: http://www.thoracic.org/ global-health/firs-
report-respiratory-diseases-in-the-world/ index.php 

2. Lozano R.et.al. Global and regional mortality from 235 causes 
of death for 20 age groups in 1990 and 2010: a systematic 
analysis for the Global Burden of Disease Study 2010. Lancet. 
2012 Dec 15;380(9859):2095-128. doi: 10.1016/S0140-
6736(12)61728-0. Erratum in: Lancet. 2013 Feb 
23;381(9867):628. AlMazroa, Mohammad A [added]; Memish, 
Ziad A [added]. PMID: 23245604. 

3. BTS, The burden of lung disease: a statistical report from 
theBritishThoracicSociety,2nded.,British Thoracic Society, 
London, UK, 2006, http://www.brit-
thoracic.org.uk/deliveryof-respiratory-care/burden-of-lung-
disease-reports.aspx.  

4. Hubbard R. The burden of lung disease,Thorax. 
2006;61(7):557–558.  

5.  Loddenkemper R.,  Gibson G.J., Sibille Y. Respiratory health 
and disease in Europe: the new European Lung White 
Book.European Respiratory Journal.2013;42:.559–563.  

6. Hay S.I.,  et al. Global, regional, and national disability-
adjusted life-years (DALYs) for 333 diseases and injuries and 
healthy life expectancy (HALE) for 195 countries and 
territories, 1990–2016: a systematic analysis for the Global 
Burden of Disease Study 2016.Lancet.2017; 390: 1260–344 

7. Schraufnagel D.E, et.al. An official American Thoracic Society 
and European Respiratory Society policy 
statement:disparities in respiratory health,European 
Respiratory Journal. 2013; 42:906–915. 

8. Septimus E.J. et.al. Extended-Release 
Guaifenesin/Pseudoephedrine Hydrochloride for Symptom 
Relief in Support of a Wait-and-See Approach for the 
Treatment of Acute Upper Respiratory Tract Infections: A 
Randomized, Double-Blind, Placebo-Controlled Study. Curr 
Ther Res Clin Exp. 2017; 84: 54-61.  

9. Shapiro D., et al. Burden and Seasonality of Viral Acute 
Respiratory Tract Infections among Outpatients in Southern 
Sri Lanka. Am J Trop Med Hyg. 2017; 97(1):88-96  

10.  Siafakas N.,et al. Optimal assessment and management of 
chronic obstructive pulmonary disease (COPD). Eur Respir J 
1995; 8: 1398–1320. 

11. George J.,  et.al. Use of complementary and alternative 
medicines by patients with chronic obstructive pulmonary 
disease. Med J Aust 2004; 181: 248–251. 

12. Toft-Petersen A., et.al. Association between hemoglobin and 
prognosis in patients admitted to hospital for COPD Int J 
Chron Obstruct Pulmon Dis. 2016; 11: 2813–2820. Published 
online 2016 Nov 10. doi: 10.2147/COPD.S116269. 

13. Park S.C., et.al. Hemoglobin and mortality in patients with 
COPD: a nationwide population-based cohort study. Int J 
Chron Obstruct Pulmon Dis. 2018; 13: 1599–1605. Published 
online 2018 May 16. doi: 10.2147/COPD.S159249 

14. Ernst E. Complementary therapies in asthma: what patients 
use. J Asthma 1998;35:667–71. 

15.  Hnizdo E., Singh,T., Churchyard G., Chronic pulmonary 
function impairment caused by initial and recurrent 
pulmonary tuberculosis following treatment. Thorax 2000; 
55: 32–38.  



Innoriginal International Journal of Sciences | Volume 7 | Issue 6 | Nov-Dec 2020 | 1-11 

9 

16. Plit M.L.,  et. al. Influence of antimicrobial chemotherapy on 
spirometric parameters and pro-inflammatory indices in 
severe pulmonary tuberculosis. Eur Respir J 1998; 12: 351–
356.  

17. Ross J., et al. Excess lung function decline in gold miners 
following pulmonary tuberculosis. Thorax 2010; 65: 1010–
1015.  

18. Pasipanodya J.G., et al. Pulmonary impairment after 
tuberculosis. Chest 2007; 131: 1817–1824.  

19. Pasipanodya J.G., et al. Pulmonary impairment after 
tuberculosis and its contribution to TB burden. BMC Public 
Health 2010; 10: 259.  

20. Maguire G.P., et al. Pulmonary tuberculosis, impaired lung 
function, disability and quality of life in a high-burden setting. 
Int J Tuberc Lung Dis 2009; 13: 1500–1506.  

21. Ralph A.P., et al. High morbidity during treatment and 
residual pulmonary disability in pulmonary tuberculosis: 
under-recognised phenomena. PLoS One 2013; 8: e80302.  

22. Schunemann H.J., et al. Pulmonary function is a long-term 
predictor of mortality in the general population: 29-year 
follow-up of the Buffalo Health Study. Chest 2000; 118: 656–
664 

23. Medicinal Plants and Ayurvedic Herbal Medicines. 
AYURVEDA: National Institute of Ayurvedic Medicine URL: 
http://niam.com/corp-web/mediplnt.html  

24. Kritkar KR, Basu BD, LM Basu. Indian Medicinal Plant 1993; 2: 
1526-1528 

25. Wealth of India, A Dictionary of Indian Raw Materials and 
Industrial Products,  National Institute of Science 
Communication, CSIR, New Delhi 1997; 8: 69-70. 

26. Hiremath V., Hiremath B. S, Mohapatra S., Das A. K. Literary 
Review of Parijata (Nyctanthus Arbor-Tristis Linn.) An Herbal 
Medicament with Special Reference to Ayurveda and 
Botanical Literatures. Biomed Pharmacol J 2016;9(3) 

27. Singh N., Hoette Y., Miller R., Tulsi: The Mother Medicine of 
Nature. 2nd ed. Lucknow: International Institute of Herbal 
Medicine; 2010. p. 28‑47.  

28. Kumar A., et.al. Ocimum sanctum (Tulsi): a miracle herb and 
boon to medical science– A Review. International Journal of 
Agronomy and Plant Production 2013; 4 (7):1580-1589. 

29. Manikandan P.,  et.al. Ocimum sanctum Linn. (Holy Basil) 
ethanolic leaf extract protects against 7,12‑dimethylbenz (a) 
anthracene-induced genotoxicity, oxidative stress, and 
imbalance in xenobiotic-metabolizing enzymes. J Med Food 
2007;10:495‑502.  

30. Siddique Y.H., Ara G., Beg T., Afzal M. Anti-genotoxic effect of 
Ocimum sanctum L. extract against cyproterone acetate 
induced genotoxic damage in cultured mammalian cells. Acta 
Biol Hung 2007;58:397‑409. 

31. Gupta S.K., Prakash J., Srivastava S. Validation of claim of Tulsi, 
Ocimum sanctum Linn as a medicinal plant. Ind. J. 
Experimental Biol 2002; 40:765-773. 

32. Govind P.. An overview of anticancer natural products. J. 
Pharm. Res 2009; 2(12):1799-1803.  

33. Kumar A., Rahal A., Verma A.K. In vitro antibacterial activity of 
hot aqueous extract (HAE) of Ocimum sanctum (Tulsi) leaves. 
Ind. J. Vety. Medicine 2011b; 31(2):96-97 

34. Nadkarni K., Nadkarni A. Indian Materia Medica with 
Ayurvedic, UnaniTibbi, Siddha, Allopathic, Homeopathic, 
Naturopathic & Home Remedies, 2 vol. Popular Prakashan 
Private Ltd, Bombay, India 1982:1999. 

35. Banerjee S., Prashar R., Kumar A., Rao A. Modulatory influence 
of alcoholic extract of Ocimum leaves on carcinogen‑
metabolizing enzyme activities and reduced glutathione levels 
in mouse. 1996. 

36. Vasudevan P., Kashyap S., Sharma S. Bioactive botanicals from 
basil (Ocimum sp.). J Sci Ind Res (C) 1999;58:332-8 

37. Mondal S.,  et al. Double-blinded randomized controlled trial 
for immunomodulatory effects of Tulsi (Ocimum sanctum 
Linn.) leaf extract on healthy volunteers. J Ethnopharmacol 
2011;136:452-6 

38. Bhattacharyya D., et.al. Controlled programmed trial of 
Ocimum sanctum leaf on generalized anxiety disorders. Nepal 
Med Coll J 2008;10:176‑9 

39. Kothari S, et.al. Volatile constituents in oil from different plant 
parts of methyl eugenol-rich Ocimum tenuiflorum Lf (syn. O. 
sanctum L.) grown in South India. Journal of Essential Oil 
Research 2005, 17(6):656-658.  

40. Parrotta J. A. Healing plants of peninsular India: CABI 
publishing; 2001  

41. Wangcharoen W., Morasuk W. Antioxidant capacity and 
phenolic content of holy basil. Songklanakarin J Sci Technol 
2007;29:1407‑15 

42. Wagner H., Norr H., Winterhoff H. Plant adaptogens. 
Phytomed 1994; 1:63-76 

43. Aswar M.K., Joshi R.H. Anti-Cataleptic Activity of Various 
Extracts of Ocimum sanctum. Int J Pharma Res and 
Development 2010:2:1-7.  

44. Graham, H.N. Green tea composition, consumption, and 
polyphenol chemistry. Prev. Med. 1992, 21, 334–350. 

45. Miura, Y., Chiba, T., & Tomita, I. (2001). Tea catechins prevent 
the development of atherosclerosis in apoprotein E-deficient 
mice. Journal of Nutrition.2001;131:27–32. 

46. Beltz, L. A., Bayer, D. K., Moss, A. L., & Simet, I. M. (2006). 
Mechanisms of cancer prevention by green and black tea 
polyphenols. Anticancer Agents in Medicinal Chemistry, 6(5), 
389–406. 

47. Matsuyama, T., Tanaka, Y., Kamimaki, I., Nagao, T., & 
Tokimitsu, I. (2008). Catechin safely improved higher levels of 
fatness, blood pressure, and cholesterol in children. Obesity 
(Silver Spring), 16(6): 1338–1348. 

48. Kris-Etherton, P. M., Hecker, K. D., & Bonanome, A. (2002). 
Bioactive compounds in foods: Their role in the prevention of 
cardiovascular disease and cancer. WCRF/ AICR expert 
report, food, nutrition, physical activity and the prevention of 
cancer: A global perspective. American Journal of Medicine, 
113(9B): 71S–88S. 

49. Song, J. M., & Seong, B. L. (2007). Tea catechins as a potential 
alternative anti-infectious agent. Expert Review of Anti-
infective Therapy, 5, 497. 

50. The benefits of green tea. Available from: 
<http://www.coffee-tea-pots-cups.net/ tea/green> (accessed 
on 15.09.2008). 

51. Yamamoto, T., et.al. Chemistry and Applications of Green Tea; 
CRC Press: Boca Raton, FL, USA, 1997; 6–34. 

52. Frei, B.,Higdon, J. V. (2003). Antioxidant activity of tea 
polyphenols in vivo: Evidence from animal studies. Journal of 
Nutrition, 133(10):3275S–3284S.  

53. http://www.gaiaresearch.co.za/greentea.html 
54. Girach R.D., Aminuddin S.A., Siddiqui P.A., Khan S.A. 

Ethnomedicinal studies on Harsinghar (Nyctanthes 
arbortristis L)- A less known medicinal plant in Unani 
medicine. Hamdard Medicines 1994; 37: 60-66. 

55. Mahida Y., Mohan J.S.S. Screening of plants for their potential 
antibacterial activity against Staphylococcus and Salmonella 
sp. Natural Product Radiance 2007; 6: 301-305.  

56. Das S., Sasmal D., Basu S.P. Antispasmodic and antihelmintic 
activity of Nyctanthes arbortristis Linn. International Journal 
of Pharmaceutical Science and Research 2010; 1: 51-55.  

57. Singh A., Malhotra S., Subban R. Anti-inflammatory and 
analgesic agents from Indian Medicinal Plants. International 
Journal of Integrative Biology 2008; 3: 5772.  

58. Das S., Sasmal D., Basu S.P. Anti-inflammatory and 
antinociceptive activity of arbortristoside-A. Journal of 
Ethnopharmacology 2008; 116: 198-203. 

59. Rathee J.S., Hassarajani S.A.. Antioxidant activity of 
Nyctanthes arbortristis leaf extract. Food Chemistry 2007; 
103: 1350-1357. 

60. Choudhary M., Raghuwansi A. Nyctanthes arbortristis - A 
Immunostimulant. National Conference on "Recent Advances 
in Herbal Drug Technology." Organized by: Lakshmi Narain 
College of Pharmacy, Bhopal. 

61. Rathod N., Raghuveer I., Chitme H.R., Chandra R.. Free Radical 
scavenging activity of Nyctanthes arbortristis in 
streptozotocin-induced diabetic rats. Indian Journal of 
Pharmaceutical Educational Research 2010; 4: 288-294. 

62. Narendhirakannan R.T., Smeera T. In-vitro antioxidant studies 
on ethanolic extracts of leaves and stems of Nyctanthes 



Innoriginal International Journal of Sciences | Volume 7 | Issue 6 | Nov-Dec 2020 | 1-11 

10 

arbortristis L. (Night-flowering jasmine). International 
Journal of Biology and Medical Research 2010; 1: 188- 192. 

63. Suresh V, Arunachalam G, Senthil KN. In-vitro anthelmintic 
activity of Nyctanthes arbortristis bark. Journal of 
Pharmaceutical Research 2011; 4: 283-284. 

64. Nair R, Kalariya T, Chanda S. Antibacterial activity of some 
selected Indian Medicinal Flora. Turkish Journal of Biology 
2005; 29: 41-47. 

65. Sasmal D, Das S, Basu SP. Phytoconstituents and therapeutic 
potential of Nyctanthes arbortristis. Pharmacognosy Reviews 
2007; 1: 344-349.  

66. Taylor J.L.S, et.al. Towards the scientific validation of 
traditional medicinal plants. Plant Growth Regulation, 2001, 
34(1): 23-37. 

67. Mukherjee P.K., et.al. Leads from Indian medicinal plants with 
hypoglycemic potentials. J. Ethnopharmacol, 2006, 106(1), 1-
28. 

68. Mukherjee P.K, et.al. Acetyl cholinesterase inhibitors from 
plants. Phytomedicine, 2007, 14(4), 289-300. 

69. Singh A. and Handa S.S. Hepatoprotective activity of Apium 
graveolens ana Hygrophila auriculata against paracetamol 
and thioacetamide intoxication in rats. J Ethanopharmacol, 
1995, 49(3): 119-126 

70. Shanmugasundaram P. and Venkataraman S., 
Hepatoprotective and antioxidant effects of Hygrophila 
auriculata (K. Schum) Heine Acanthaceae root extract. Journal 
of Ethnopharmacology. 2006; 104,( 1-2):124–128. 

71. Patra A, Murthy NP, Jha S. Pharmacognostical standardization 
of leaves of Hygrophila spinosa T. Anders Phcog J. 2009;1:82–
7. 

72. Hussain S M.,  Fareed S. &Ali M. Hyphenated chromatographic 
analysis of bioactive gallic acid and quercetin in Hygrophila 
auriculata (K. Schum) Heine growing wildly in marshy places 
in India by validated HPTLC method, Asian Pacific Journal of 
Tropical Biomedicine. 2012; 2 (2) : S477-S483 

73. A. Gomes, Manika Das & S.C Dasgupta " Haemanitic effect of 
hygrophilla spinasa T, Anderson on experimental rodents" 
Indian journal of Experimental Biology.2001;39 (4) 381-382. 

74. Mukherjee C., Datta (De) S., Estimation of Micronutrients in 
Fresh Kulekhara Leaves (Hygrophilla auriculata), 
International Journal of Science and Research.2017;6 (2), 
838-40.   

75. B. Srilakhsmi, Nutrition Science, New Age publications. 
76. A Adhikari, S Darbar, T Chatterjee, M Das, N Polley, M 

Bhattacharyya, Spectroscopic Studies on Dual Role of Natural 
Flavonoids in Detoxification of Lead Poisoning: Bench-to-
Bedside Preclinical Trial. ACS Omega 2018, 3 (11), 15975–
15987 (first and second author have equal contribution)  

77. Evans W.C. Trease & Evans Pharmacognosy. 15th ed. 
Amsterdam: Elsevier; 2002. pp. 135-49.  

78. Guevarra B.Q. A guide book to Plant Screening: Phytochemical 
and biological. Manila:  Research Center for the Natural 
Sciences, UST Publishing House; 2005.  63-99 

79. Marigo G. Méthode de fractionnement et d'estimation des 
composés phénoliques chez les végétaux. Phytochemical 
analysis 1973: 59: 106-110. 

80.  Talla E. et.al. Phytochemical screening, antioxidant activity, 
total polyphenols and flavonoids content of different extracts 
of propolis from Tekel (Ngaoundal, Adamawa region, 
Cameroon). The Journal of Phytopharmacology 2014; 3(5): 
321-329. 

81. Brand-Williams W., Cuvelier M. E., Berset C. Use of free radical 
method to evaluate antioxidant activity. Lebensm. Wiss. 
Technol 1995: 28: 25–30. 

82. Erica W. T., Dejair M., Giuseppina N., & Antonio S. Paulo C. S., 
Seasonal Variation, Chemical Composition and Antioxidant 
activity of Brazilian Propolis Samples. eCAM 2008: 7(3): 307–
315 

83. Gülçin I., Elias R., Gepdiremen A., Chea A. & Topal F. , 
Antioxidant activity of bisbenzyl isoquinoline alkaloids from 
Stephania rotunda: cepharanthine and fangchinoline. Journal 
of Enzymatic Inhibition and Medical Chemistry 2010: 25: 44–
53. 

84. Mihai C. M., Liviu A. M., Daniel S. D., Lavinia B. Correlation 
between Polyphenolic Profile and Antioxidant Activity of 
Propolis from Transylvania. Animal Science and 
Biotechnologies 2011:44 (2): 100-103. 

85. Abdullahi M. I., et.al. Preliminary phytochemical and 
antimicrobial investigations of leaf extracts of Ochna 
schweinfurthiana (Ochnaceae). African Journal of Pharmacy 
and Pharmacology, 2010: 4(2): 083-086 

86. Saha S., Das S.,  Basu R "Green Synthesis Of Copper Oxide - 
Tinospora cordifolia  Nanoparticle: Antioxidant And 
Antimicrobial Activity" EJPMR 2019,6(7):340-346. 

87. Darbar S., et.al. Preliminary Assessment of Acute and 28-Day 
Repeated Dose Oral Toxicity of a Newly Developed Herbal 
Mixture on Experimental Animal. Indian Journal of 
Pharmaceutical education and Research 2000; 54 (1):135-
142 

88. Han J.H. et.al.. Astaxanthin alleviated ethanolinduced liver 
injury by inhibition of oxidative stress and inflammatory 
responses via blocking of STAT3 activity. Scientific RePoRTS 
2018; 8:14090   DOI:10.1038/s41598-018-3249 

89. Compean K.L., Ynalvez R.A. Antimicrobial activity of plant 
secondary metabolites: A review. Res J Med Plant 2014;8:204-
13.  

90. Wink M. Modes of action of herbal medicines and plant 
secondary metabolites. Medicines (Basel) 2015;2:251-86. 

91. Cushnie T.P., Cushnie B., Lamb A.J. Alkaloids:  An overview of 
their antibacterial, antibiotic-enhancing and antivirulence 
activities. Int J Antimicrob Agents. 2014;44:377-86.  

92. Kavitaa K., Singha V.K., Jha B. 24-Branched Δ5 sterols from 
Laurencia papillosa red seaweed with antibacterial activity 
against human pathogenic bacteria. Microbiol Res. 
2014;169:301-6.  

93. Cushnie TP, Lamb AJ. Antimicrobial activity of flavonoids. Int J 
Antimicrob Agents 2005;26:343-56.  

94. Scalbert A. Antimicrobial properties of tannins. 
Phytochemistry. 1991;30:3875-83.  

95. Akinpelu B.A., et.al. Antioxidant and antibacterial activities of 
saponin fractions of Erythrophleum suaveolens (Guill. And 
Perri.) stem bark extract. Scientific Research and Essays. 
2014;9:826-33.  

96. Kouam J, et.al. Antimicrobial glycosides and derivatives from 
roots of Picralima nitida. Int J Chem 2011;3:2011.  

97. Mokoka T.A., et.al.. Antimicrobial activity and cytotoxicity of 
triterpenes isolated from leaves of Maytenus undata 
(Celastraceae). BMC Complement Altern Med. 2013;13:111.  

98. Erica W. T., Dejair M., Giuseppina N., & Antonio S. Paulo C. S., 
Seasonal Variation, Chemical Composition and Antioxidant 
activity of Brazilian Propolis Samples. eCAM 2008; 7(3): 307–
315 

99. Mihai C. M., Liviu A. M., Daniel S. D., Lavinia B. Correlation 
between Polyphenolic Profile and Antioxidant Activity of 
Propolis from Transylvania. Animal Science and 
Biotechnologies 2011; 44 (2): 100-103.   

100. Chang C. C., Ming M. H., Wen H. M. & CHern J. C. Estimation of 
total flavonoid content in propolis bytwo complementary 
colorimetric methods. Journal of Food and Drug Analysis 
2002: 10: 178–182. 

101. Kujumgiev A., et.al. Antibacterial, antifungal andantiviral 
activity of propolis of different geographic origin. Journal of 
Ethnopharmacology 1999: 64: 235-240. 

102. Bulletin of the World Health Organization (1993) Research 
guidelines for evaluating the safety and efficacy of herbal 
medicine 1-86.  

103. Akerele O.  Summary of WHO guidelines for the assessment of 
herbal Medicines.HerbalGram.1993;28: 13-19. 

104. Ren G., et.al. Characterization of copper oxide nano particles 
for antimicrobial applications. Int J Antimicrob Agents, 2009; 
33(6): 587-590.  

105. Sankar R., et.al. Green synthesis of colloidal copper oxide 
nanoparticles using Carica papaya and its application in 
photocatalytic dye degradation. Spectrochim Acta Mol Biomol 
Spectrosc, 2014; 121: 746-750. 

106. Atamas S.P., et.al. Cytokines in chronic respiratory diseases. 
F1000 Biology Reports 2013, 5:3; 1-12 



Innoriginal International Journal of Sciences | Volume 7 | Issue 6 | Nov-Dec 2020 | 1-11 

11 

107. William J. Branchett and Clare M. Lloyd. Regulatory cytokine 
function in the respiratory tract Mucosal Immunology (2019) 
12:589 – 600 

108. Iwasaki, A. & Pillai, P. S. Innate immunity to influenza virus 
infection. Nat. Rev. Immunol. 14, 315–328 (2014). 

109. Lloyd, C. M. & Hawrylowicz, C. M. Regulatory T cells in asthma. 
Immunity 31,438–449 (2009). 

110. Ordonez C.L., Shaughnessy T.E., Matthay M.A., Fahy J.V. 
Increased neutrophil numbers and IL-8 levels in airway 
secretions in acute severe asthma: Clinical and biologic 
significance. American journal of respiratory and critical care 
medicine 2000, 161:1185-90. 

111. Redhu N.S., Gounni A.S. Function and mechanisms of 
TSLP/TSLPR complex in asthma and COPD. Clin Exp Allergy 
2012, 42:994-1005. 

112. Keatings V.M., Collins P.D., Scott D.M., Barnes P.J. Differences 
in interleukin-8 and tumor necrosis factor-alpha in induced 
sputum from patients with chronic obstructive pulmonary 

disease or asthma. American journal of respiratory and 
critical care medicine 1996, 153:530-4. 

113. Sarkar M., Rajta P.N., Khatana J. Anemia in Chronic obstructive 
pulmonary disease: Prevalence, pathogenesis, and potential 
impact. Lung India. 2015;32(2):142-151.  

114. Vestbo J.,  et al. Global strategy for the diagnosis, 
management, and prevention of chronic obstructive 
pulmonary disease: GOLD executive summary. Am J 
RespirCrit Care Med. 2013;187:347–65.  

115. Boutou A.K., et al. Anemia of chronicdiseasein chronic 
obstructive pulmonarydisease: A case-control study of 
cardiopulmonary exercise responses. Respiration. 
2011;82:237–45. 

116. Attaran D.,  et al. Anemia in COPD patients and its relation to 
serum levels of erythropoietin. Tanaffos. 2009;8:11–6. 

117. Agarwal S., et.al."Immunity augmenting food supplements for 
susceptible individuals in combating pandemic COVID-19 
(Review)", Parana Journal of Science and Education. 2020; 
6(4):79-88. https://doi.org/ 10.5281/ zenodo.3880638.

 

https://doi.org/

