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Abstract
This study aims to identify various compounds in a polyherbal oil blend (referred as Sudarshan AV or SAV). GC-MS (Gas Chromatography-Mass Spectroscopy) analysis was carried out using Helium as the carrier gas in the instrument. Various literature sources were referred for identification of compounds and interpretation of data obtained from GC-MS. The GC-MS results have indicated total of 23 active compounds in the polyherbal SAV oil blend. Among these 23 compounds, 13 compounds provide anti-viral function, 9 compounds are related with anti-bacterial function, and 21 compounds indicate anti-inflammatory properties. The present study provides a strong evidence of anti-viral, anti-bacterial and anti-inflammatory properties in SAV polyherbal oil blend.
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Introduction
Homo-sapiens have encountered various diseases and infections since existence. Evolving from probably a no-cure era, say during ‘before Christ’ period, to the advent of biotechnology, has seen rapid advancement of antibiotics, vaccinations, and medicines and treatment for diseases caused by different bio-agents including bacteria, viruses, fungi and others. There are possibilities of conventional treatments as well as complementary options. Literature indicates that herbal solutions are one of the reliable alternative solutions [1]. The same may be used as adjuvant therapy to provide support along other conventional treatments or as stand-alone treatment.

Extant literature indicates that polyherbal formulations normally result in more benefits in comparison to single herbal formulations. The synergistic effect in polyherbal formulations provides high effectiveness to treat number of diseases [2]. In consideration of the same, this study aims to conduct a Gas Chromatography-Mass Spectroscopy (GC-MS) analysis of a polyherbal oil blend (referred as Sudarshan-AV or SAV) for anti-viral, anti-bacterial and anti-inflammatory properties through identification of compounds in SAV oil-blend.


Material
The polyherbal SAV oil blend, used for GC-MS analysis, was prepared using the plant/herb extracts/oils of the following: Origanum majorana, Lavandula stoechas, Mentha piperata, Caryophyllus aromaticus, Ocimum basilicum, Tracyspermum ammi, Citrus medica, Mentha viridis, Origanum vulgare, Thymus serpyllum, Cocos nucifera, Helianthus annuus, Sesamum indicum, Allium sativum, Pimpinella anisum, Brassica campestris


Method
GC-MS analysis was carried out on a thermal desorption TD-20 system, GCMSQP-2010 Plus (Shimadzu, Japan) comprising of auto-sampler. The gas chromatograph was interfaced from a mass spectrometer instrument employed with RTx-5MS column (30m X 0.25mm X 0.25μm) operating in electron impact mode at 70eV. Helium gas (99.99%) was used as the carrier gas in instrument with a steady flow rate of 1.2 ml/min. The column’s initial oven temperature was 80°C (isothermal for 4 min.) with gradual increase of 5°C/min to 310°C, flow rate 1.21 ml/min and column pressure of 81.7kPa. A mass spectrum was prepared at a scan interval of 0.50 sec with a mass scan from 40 m/z to 650 m/z.
 
Identification of compounds 
For interpretation of data obtained from GC-MS, NIST/NIH/EPA Mass spectral Database with NIST 05 (National Institute of Standards and Technology) MS programme v.2.0d and WILEY17 libraries were used. Unknown components were also identified with the help of spectrum in NIST and Wiley libraries according to their retention time. The names, chemical formulas, molecular mass and structure of components of identified compounds were determined. Chemical and biological activity of identified compounds were found using Dr. Duke’s phytochemical and ethanobotanical databases, NCBI-Pubchem, ChemSpider from Royal Society of Chemistry and various literatures.


Results
The GC-MS chromatogram indicates the peaks representing signals given by the compounds in the SAV oil blend (Figure 1). The x-axis shows retention time in minutes and y-axis shows the signal intensity in the chromatogram. The compounds with peaks and retention time are shown in Table 1.


Figure 1. The GC-MS chromatogram of the polyherbal oil blend (SAV)
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Table 1. Retention Time and % Peak Area from GC-MS

	No.
	R Time (minutes)
	Name of the compound
	% Peak Area

	1
	7.314
	α-Pinene
	2.18

	2
	8.929
	β-Pinene
	1.22

	3
	9.448
	Myrcene
	0.16

	4
	10.097
	α-Phellandrene
	0.20

	5
	10.547
	α-Terpinene
	0.16

	6
	10.967
	para-Cymene
	2.45

	7
	11.190
	Limonene
	3.35

	8
	11.321
	1,8 Cineole
	4.86

	9
	12.133
	Benzyl alcohol
	12.29

	10
	12.472
	γ-Terpinene
	3.81

	11
	13.554
	Terpinolene
	0.49

	12
	14.513
	Linalool
	2.55

	13
	16.911
	Menthone
	2.94

	14
	18.844
	Estragole
	0.98

	15
	20.768
	Neral
	1.95

	16
	21.517
	Geraniol
	0.91

	17
	22.247
	Geranial
	3.23

	18
	23.192
	Anethole
	8.59

	19
	23.707
	Thymol
	2.71

	20
	26.098
	Eugenol
	7.32

	21
	26.562
	α-Copaene
	0.48

	22
	28.410
	Caryophyllene
	1.39

	23
	29.639
	Himachalene
	1.92

	24
	31.005
	β-Curcumene
	0.29

	25
	33.880
	Cinnamaldehyde
	0.55




Based on Figure 1 and Table 1 analysis, Table 2 indicates twenty-three (23) compounds in the SAV oil blend representing anti-viral, anti-bacterial and anti-inflammatory properties.

Table 2. Properties of compounds identified in GC-MS of polyherbal oil blend (SAV) 

	S.N.
	Main Compound
	Anti-Viral
	Anti-Bacterial
	Anti-Inflammatory
	Reference

	1
	Pinene
	*
	*
	*
	[3, 4, 5]

	2
	Myrcene
	
	
	*
	[6]

	3
	Phellandrene
	
	
	*
	[7, 8]

	4
	Terpinene
	*
	
	*
	[9, 10]

	5
	Cymene
	*
	*
	*
	[11,12, 13]

	6
	Limonene
	*
	
	*
	[3, 14]

	7
	1,8 Cineole
	*
	*
	*
	[15, 16, 17]

	8
	Benzyl alcohol
	*
	*
	
	[18, 19]

	9
	Terpinolene
	
	
	*
	[20]

	10
	Linalool
	
	*
	*
	[21, 22]

	11
	Menthone
	
	
	*
	[23]

	12
	Estragole
	
	*
	*
	[24, 25] 

	13
	Neral/Citral
	*
	*
	*
	[26, 27, 28]

	14
	Geraniol
	
	*
	*
	[29, 30]

	15
	Geranial
	*
	
	*
	[31, 32]

	16
	Anethole
	*
	
	*
	[33]

	17
	Thymol
	*
	*
	*
	[34, 35, 36]

	18
	Eugenol	
	*
	
	*
	[37]

	19
	Copaene
	
	
	*
	[38]

	20
	Caryophyllene
	*
	
	*
	[39, 40]

	21
	Curcumene
	
	
	*
	[41]

	22
	Himachalene
	
	
	*
	[41]

	23
	Cinnamaldehyde
	*
	
	
	[42]


Note: * shows presence of specified property, blank space indicates absence of property 


Discussion
There are total of 23 active compounds in the polyherbal SAV oil blend on the basis of GC-MS data. Among these 23 compounds, 13 compounds provide anti-viral function, 9 compounds are related with anti-bacterial function, and 21 compounds indicate anti-inflammatory function (Table 2). The following analysis supports the compound properties as per the extant literature. 

Antiviral Mechanisms
The 13 compounds exhibit anti-viral property identified by the existing studies. Some compounds provide viral protection before a cell is attacked by a virus and some protect when a virus tries to grow by replication. The compounds in the SAV oil blend are found effective against both DNA and RNA based virus as well as enveloped and non-enveloped viruses.

Pinene and Limonene compounds inhibit specifically the viral DNA polymerase during the replication cycle when new viral DNA is synthesized [3]. Eugenol can cause damage to viral envelopes of freshly formed virions and can cause inhibition of viral replication at the initial stage. Direct inactivation of viruses and inhibition of intracellular and extracellular viruses after replication were observed with eugenol [37]. Caryophyllene interferes with virion envelope structures or mask viral structures that are necessary for adsorption or entry into host cells [39]. The RNA bindings are studied to be interfered with the presence of 1,8-cineole. It commendably explains that the inhibition of 1,8-cineole against IBV occurs strongly after penetration of the virus into the cell. It was found that the key active-site residues are fully or partially conserved. It indicates the 1,8-cineole not only inhibits the N-protein of Infectious Bronchitis Virus (IBV) Gray strain, but also other known strains. 1,8-cineole possesses anti-IBV properties via embarrassing the binding process between RNA and IBV N-protein [15].	

Geranial works by coating the capsid and thereby preventing specific adsorption of the virus to host cells [31]. Cinnamaldehyde decreases the apoptosis level; inhibiting the caspase-3, caspase-8, caspase-9 protein expression [42]. Benzyl alcohol is found effective in topical anti-viral functions and Anethole exhibits anti-viral activity by direct inactivation of free virus particles [18,33].

The inhibition of Herpes Simplex Virus (HSV) by Terpinene and p-Cymene appears to occur before adsorption but not after penetration of the virus into the cell [9,11]. The monoterpene p-cymene exhibited the highest level of antiviral activity against HSV-1 in viral suspension tests. Antiviral activity was observed for p-cymene prior to host cell infection. This suggested that p-cymene inhibits HSV infection and might interfere with virion envelope structures or mask viral structures which are necessary for adsorption or entry into host cells [11]. Citral-inhibited yellow fever virus (YFV), and the compound presented promising activity in vitro (SI of 12.9) against Herpes Simplex, another enveloped virus [27]. Citral is also found effective on RNA enveloped virus. Thymol also directly inhibits herpes virus infection and might interfere with virion envelope structures or mask viral structures which are necessary for adsorption or entry into host cells [35]. 

It can be viewed in nutshell that SAV will provide viral protection as Eugenol, Caryophyllene, Thymol, Anethole, Geranial, Neral/Citral, 1,8- Cineole, Benzyl alcohol, Cymene, Terpinene prevent fusion of viruses with host cell (attachment with host); Pinene, Limonene result in interference in DNA replication by inhibition of DNA polymerase; and Cinnamaldehyde inhibits protein synthesis by reducing proteolytic processing. Further, it is found that SAV oil blend compounds are effective against HSV. It is established that HSV is one of the reasons of encephalitis, dermatitis, and genitourinary infections, and may also be a probable cause of cervical cancer [43]. Therefore, it may be safely assessed that SAV oil blend may be effective to provide relief from various viral diseases.


Antibacterial Mechanism
The 9 compounds found in GC-MS results of SAV oil indicates anti-bacterial properties of the polyherbal oil blend (SAV). These compounds are known to perform specific functions to provide protection against bacteria as per the existing studies.  Pinene shows anti-microbial activity against bacterial (E. coli, S. aureus, and Bacillus cereus) and yeast (Candida albicans) strains and is found effective against both gram-positive and gram-negative bacteria [4]. 1,8-cineole had bactericidal effects and was found active against Gram-negative bacteria [17]. Cymene, at least partially, due to a perturbation of the lipid fraction of bacterial plasma membranes, is known resulting in alterations of membrane permeability and in leakage of intracellular materials and thus showing effective bacterial protection [12]. Benzyl alcohol represents effective antimicrobial activity [19]. Estragole also possesses antimicrobial activity and present fairly significant zones of inhibition against Gram-positive bacteria [25]. 		
Linalool mechanism against bacteria is given in stages: 1) loss of cell wall by wrinkling of cell membrane, 2) heterogenous cytoplasm, 3) formation of mesosome like structure in the cytoplasm, 4) CM rupture and cytoplasm separation, and 5) lysis of cell [21]. Citral was found effective against E. coli and S. enterica [26]. Geraniol is known impairing a variety of enzyme systems, including those involved in the production of cellular energy and synthesis of structural component [30]. Thymol is considered to bind to the minor groove of DNA, and this binding interaction induce a mild destabilization in the DNA secondary structure, and made DNA molecules to be aggregated [34].


Anti-inflammatory Mechanism
The polyherbal oil blend (SAV) had also shown presence of anti-inflammatory compounds in its formulation besides compounds with anti-viral and anti-bacterial properties. There are 21 such compounds which are supported by literature to provide anti-inflammatory properties by inhibiting the molecules playing a role in pathogenesis of inflammation.
 
Pinene has anti-inflammatory characteristics by significantly decreasing the LPS (lipopolysaccharide)-induced production of interleukin-6 (IL-6), tumor necrosis factor - (TNF-alpha), and nitric oxide (NO) [5]. Myrcene was the most potent in inhibiting NO production. Myrcene was also effective in preventing other inflammatory and catabolic responses in human chondrocytes, namely expression of iNOS, MMP-1 (matrix metalloproteinase-1) and MMP-13 induced by IL-1β, likely reflecting, at least in part, the stronger inhibition of NF-κB and the ability to inhibit all three mitogen-activated protein kinases (MAPKs); and also prevented the increase in collagen I induced by IL-1β [6]. α-Phellandrene has been shown to attenuate the inflammatory response through neutrophil migration inhibition, mast cell degranulation and inhibition of nitric oxide (NO) production in macrophages and through anti-nociceptive effects [8].	

Terpinene showed higher COX-2 (cyclooxigenase-2) activity inhibition, also effectively inhibited edema formation, and twice as potent as the reference drug diclofenac, a non-steroidal anti-inflammatory drug (NSAID) [10]. The estragole showed significant reduction for paw edema induced by carrageenan, showing that its major metabolite exerts influence in its anti-inflammatory activity. Estragole presented an anti-inflammatory response to different inflammatory agents like substance P, bradykinin, histamine, serotonin and TNF-alpha [24]. Cymene is associated with prostanoids in general, e.g. increased levels of prostaglandin-E2 (PGE2) and PGF2α in peritoneal fluids as well as of lipoxygenase products, thus, inhibits leukocyte migration [13]. 

Limonene have potential anti-inflammatory efficacy for the treatment of bronchial asthma by inhibiting cytokines, ROS (reactive oxygen species) production, and inactivating eosinophil migration [14]. Menthone results in decrease in the plasma levels of IL-4 and IL-10, thus indirectly negatively modulating blood eosinophils [23]. Linalool is a competitive NMDA (N-methyl-D-aspartate) receptor antagonist and the administration of excitatory amino acid receptor antagonists selectively attenuates carrageenan-induced behavioral hyperalgesia as identifie in rats [22]. 1,8 Cineole effectively decreased the levels of TNF-α, IL-1β, and IL-6 but the levels of IL-10 were increased. By creating a balance between pro-inflammatory and anti-inflammatory cytokines 1,8-cineole shows anti-inflammatory effect [16]. The monoterpene Terpinolene (TPL) presented anti-hyperalgesia effect in Freund’s complete adjuvant (CFA)-induced inflammatory pain in the acute and chronic phases. This effect seems to be mediated by the serotonin type-2A receptor (5-HT2A), since pre-treatment with ketanserin (KET) reversed the TPL anti-nociceptive effect [20]. 	

Citral (CIT) possess significant central and peripheral anti-nociceptive effects. It was also verified an anti-inflammatory activity, CIT acts as a suppressor of COX-2 and an activator of peroxisome proliferator-activated receptors (PPAR) α and γ. Moreover, CIT inhibits NO generation through suppression of iNOS expression via inhibition of NF-κB activation [28]. Geranial effect is also due to the inhibition of NO production through the suppression of NF-κB activation [32]. With respect to the functioning of Geraniol, PGE2 is synthesized from arachidonic acid by COX-2 and prostaglandin E synthase (PGES) in response to inflammatory stimuli. COX-2 serves as the main regulator inhibited LPS-induced COX-2 protein expression in a dose-dependent manner [29].
	
The effect of Anethole in pain models is considered due to a decrease in the production/ release of inflammatory mediators [33]. Thymol presents an irritative effect that likely involves histamine, prostanoids, and other inflammatory mediators [36]. Eugenol acts by causing inhibition of mediators of inflammation such as histamine, sertonin and prostaglandin [37]. In case of Copaene compound, the central analgesic action may be mediated via inhibition of central pain receptors, while peripheral analgesic effect may be mediated through inhibition of cycl-oxygenase and/or lipo-oxygenase (and other inflammatory mediators) [38]. Caryophyllene causes suppression of pain and the anti-inflammatory activity exerted by β‐caryophyllene (BCP) which is related to the activation of cannabinoid type-2 receptors (CBR 2), characterizing BCP as an agonist of CBR 2 [40]. The mechanism of anti-inflammatory activity by Curcumene is found to be multifactorial. It is found to be inhibiting lysosomal enzymes (acid phosphatase and cathepsin D) and was effective in inhibiting lipid peroxide formation [41]. Himachlene also identified to show anti-inflammatory properties [41].


Conclusion
The Gas Chromatography-Mass Spectroscopy (GC-MS) analysis of a polyherbal oil blend (referred as Sudarshan-AV or SAV) was carried out using Helium as a carrier gas in the instrument. The results have identified 23 compounds in the SAV polyherbal oil blend. The present study provides a strong evidence of anti-viral, anti-bacterial and anti-inflammatory properties in SAV polyherbal oil blend. This could pave the way for use of such poly herbal compounds in treating different infections and their inflammatory responses in providing a simple and economical solution.  
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