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Abstract
Background
Clerodendrum serratum Linn commonly known as Bharangi in India has wide applications in the Ayurveda and Siddha system of medicine which has been attributed to the treatment of various diseases like asthma, cough, fever, rheumatism, and cephalalgia ophthalmia. Squalene has nutritional, medicinal, and pharmaceutical health benefits, hence possess antioxidant and cytoprotective effects.

Method
The study presents the GC-MS analysis of phytoconstituents present in the Clerodendrum serratum roots and further estimation of one of the constituents, i.e., squalene which is ought to be present in the roots as per mass spectral data obtained. Squalene was determined from the ethanolic extract of C. serratum roots using GC-FID without derivatization.

Results
Four major constituents, i.e., squalene, methyl palmitate, hexadecenoic acid, and stigmasterol were detected by GC-MS. Squalene from the extract was eluted at 17.5min which was confirmed with the standard squalene peak eluted at the same retention time. The linearity range chosen was 5–30ug/mL, and the method was found to be pretty linear (R=0.995), accurate with satisfactory repeatability. Hence, the phytochemical compounds were detected by GC-MS and the squalene was determined and validated according to the ICH guidelines.

Conclusion
Thus, the green gas chromatographic method can be used for quantification and qualification of active constituents in the roots of ethanolic extract of C. serratum. In addition, the presence of metabolite squalene by the GC-FID method was developed for the extract which is simple, fast, and environmentally friendly.
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Abbreviations
	
                              C serratum
                           
	Clerodendrum serratum

	GC-FID
	Gas chromatography with flame ionization detector

	GC-MS
	Gas chromatography with mass spectrometry

	HPLC
	High-performance liquid chromatography

	ICH
	International Council on Harmonisation

	ID
	Internal diameter

	kPa
	Kilopascal

	LoD
	Limit of detection

	LoQ
	Limit of quantification

	RSD
	Relative standard deviation




Introduction
Clerodendrum serratum Linn commonly known as Bharangi in India has wide applications in the Ayurveda and Siddha systems of medicine. The root and leaf of the plant are attributed in the treatment of various diseases like asthma, cough, fever, rheumatism, and cephalalgia ophthalmia (Bhujbal et al. 2010; Narayanan et al. 1999).
The root is bitter, pungent, acrid, dry, used as digestive, carminative, anti-inflammatory, anti-asthmatic, antispasmodic, anthelmintic, expectorant, appetizer, and stimulant (Patel et al. 2014; Kar et al. 2014). Icosahydropicenic acid, β-stigmasterol, D-mannitol, octadecenoic acid, hispidulin, and ɣ-sitosterol are some of the chief constituents reported to be present in the roots (Kumar and Nishteswar 2013; Mahajan et al. 2019).
Squalene is a linear triterpene having a hydrocarbon chain of six isoprene units which is chemically 2,6,10,15,19,23-hexamethyl-6,6,10,14,18,20-tetracosahexane (Fig. 1), with a C30H50 molecular formula showing solubility only in organic solvents (Popa et al. 2015; Lozano-Grande et al. 2018). Squalene is synthesized by many plants, animals, bacteria, and fungi that act as an intermediate for the synthesis of secondary metabolites which include hormones, sterols, and vitamins like K, E, and D (Kim and Karadeniz 2012). Several studies have confirmed that squalene showed nutritional, medicinal, and pharmaceutical health benefits (Das et al. 2003). It has been extensively studied and has been reported to possess beneficial bioactivities including antioxidant, cytoprotective effects, and mainly as antitumor, hence suggested for supplementation which may be responsible for tumor growth inhibition and the prevention of normal cells from mutating into tumor cells when exposed to oxidative stress (Kohno et al. 1995; Murakoshi et al. 1992; Amarowicz 2009). Squalene has sparked interest since it was found in shark liver oil, which has been used as conventional medicine for decades (Gershbein and Singh 1969). Squalene is found in the human body, where it is produced by the sebaceous glands to protect the skin and makes up 10–15% of lipids on the skin surface in concentrations of 300–500 g/g, and less than 75 g/g in internal organs including the liver and small intestine (Reddy and Couvreur 2009; Tsimidou 2010; Liu et al. 1976). Nonetheless, in the next decade, squalene will be a widely used adjuvant in vaccines, creating a new and unparalleled environment in the pharmaceutical industry. As a result, it is important to investigate alternative plant sources, creative techniques that ensure quality and yield, and, above all, the growth of commercial-scale crops that ensure squalene production to fulfill global demand.
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Fig. 1Structure of squalene


GC-MS is the best technique for examining biologically active constituents, such as alcohols, as well as branched-chain hydrocarbons and esters (Sun et al. 1997). As a raw material for cosmetics and pharmaceuticals, squalene must be of high quality and purity, which is determined by extraction and analytical techniques. The most commonly used methods for the analysis are gas chromatography (GC) and high-resolution liquid chromatography (HPLC) to determine the occurrence of squalene in the hydrocarbon fraction of olive oil derived from the Spanish region of Extremadura; alkanes, alkenes, and sesquiterpenes were quantified in olive oil samples using this method (Bueno et al. 2005).
The objective of this study was to detect the phytochemicals present in the ethanolic extract of Clerodendrum serratum roots using GC-MS and further concentrated on determining squalene which was identified from the GC-MS data using GC-FID detector.
Methods
Collection of plant material
The roots of Clerodendrum serratum were collected from the local market located in Mysore.
Authentication of a plant material
The plant material Clerodendrum serratum was collected and authenticated by Dr. J Suresh, Professor, Department of Pharmacognosy, JSS College of Pharmacy, JSS AHER, Mysore, India (JSSCP/PCOG/17).
Preparation of extract
The roots of C. serratum were washed well and shade dried for 5 days. Then ground to a coarse powder using a mechanical mixer which was further used for the extraction process. The powder was extracted using 99.8% ethanol solvent. About 50g of powder was weighed accurately, packed in filter paper, and placed in a thimble of Soxhlet apparatus attached with a round bottom flask containing a 500-mL ethanol solvent. The Soxhlet set-up was kept on a heating mantle set at an ethanol boiling point temperature, i.e.,72°C. The extraction was run for 1 day. Then, the extract was filtered under vacuum using a muslin cloth. The filtrate collected was kept in a rotary evaporator wherein, which continued till the ethanol gets completely evaporated and the powdery solid residue which was obtained refrigerated for further use.
GC-MS analysis of ethanolic extract of Clerodendrum serratum roots
The ethanolic extract obtained from Clerodendrum serratum root plants was subjected to gas chromatography and mass spectroscopy for the determination of phytocomponents. The instruments used and their conditions are discussed below and summarized in Table 1.
Table 1GC-MS chromatographic conditions


	Parameters
	Instrumental conditions

	Instruments
	Pekin Elmer Gas Chromatograph Clarus 680 and
Pekin Elmer Mass Spectrometer Clarus SQ 8C

	Column
	PekinElmer, Elite-5MS (column 30 m × 0.250 mm I.D. × 1 μm) (60–350°C)

	Carrier gas
	Helium

	Oven temperature
	Initial temperature at 80°C and initial hold for 2.00min
Ramp 1: 10.0/min to 150°C, hold for 1.00min
Ramp 2: 15.0/min to 250°C, hold for 10.00min

	Total run time
	26.6min

	Split ratio
	10:1

	Injection vol
	2μl

	Ionization technique
	Electron impact ionization

	Mass analyzer
	Triple quadrupole analyzer




GC-MS was performed for the ethanol extract of C. serratum roots to determine the phytochemical compounds. This technique was performed at Chromatogen Analytical Solution Laboratory, Mysore, Karnataka. The instruments used were PekinElmer Gas Chromatograph Clarus 680 with an Elite-5MS column (30 m × 0.250 mm I.D. × 1 μm) and Pekin Elmer Mass Spectrometer Clarus SQ 8C. Helium was used as a mobile phase wherein, temperature programming set with an initial temperature of 80°C for 2 min, then the temperature raised to 150°C with a 10°C/min ramp rate and hold for 1 min, then the temperature was further increased to 250°C with a ramp rate of 15°C/min and retained for 10 min; hence, a total run time of sample obtained was 27 min. About 2 μl sample was injected with a split ratio of 10:1. Mass spectra were recorded over 35–650 amu range with electron impact ionization energy 70 eV. The elucidation of the GC–MS mass range was made utilizing the National Institute of Standards and Technology (NIST) database, which has over 62,000 models. The range of the obscure segment was contrasted with the range of standard components put away in the NIST library. The name, molecular weight, and structure of the components of the test materials have been established.
Validation of squalene in ethanolic extract of Clerodendrum serratum by GC-FID technique
Materials
Squalene was purchased from RL Fine Chem Pvt. Ltd., Bangalore, and HPLC analytical grade methanol was procured from specialties private limited, Mumbai, India.
Instrumentation and chromatographic conditions
Shimadzu 2014 prototype gas chromatographic system with FID-operated GC solution software and was used for the method development. A 10-μl syringe specimen applicator and Zebron DB Column (length 30 m, diameter 0.25 mm, and film 0.50 μm) have been used. Table 2 represents the chromatographic conditions used in the method development of squalene.
Table 2Chromatographic conditions


	Parameters
	Values

	Column temperature
	280°C (ZB-Drug-1 column)

	Detector temperature
	290°C

	Sampling time
	1min

	Run time
	19.7min

	Flow control mode
	Linear velocity

	Pressure
	125.3 kPa

	Total flow
	12.7 mL/min

	Linear velocity
	29.8 cm/s

	Purge flow
	3.0 mL/min

	Split ratio
	1:10

	Carrier gas
	Nitrogen

	Detector
	Flame ionization detector (FID)

	Injection volume
	1 μl




Sample preparation
A 10mg of prepared ethanolic extract was accurately weighed and transferred to a 10-mL volumetric flask made up to the mark using methanol as a diluent solvent (1000μg/mL). A 100 μg/mL stock solution was prepared by taking 1mL from the above-prepared solution and transferred to a 10-mL volumetric flask and made up to the mark using methanol.
Standard squalene solution
Std squalene stock soln was prepared by accurately measuring 0.01mL (equivalent to 10mg) std squalene using a micropipette and transferred to a 100-mL volumetric flask, made up to mark by adding methanol diluent to get 100 μg/mL concentration. From which 0.5, 1, 1.5, 2, 2.5, and 3mL were pipetted into 6 different 10-mL volumetric flasks, made up to volume using methanol solvent to get 5, 10, 15, 20, 25, and 30 μg/mL concentrations and finally sonicated for 2 min to remove the entrapped air.
Results and discussion
GC-MS analysis of ethanol extract of Clerodendrum serratum roots
GC-MS is an ideal technique for the analysis of volatile components, hence frequently used for the resolution of plant samples wherein molecular formula, chemical structure, and functional group prediction are possible from the GC-MS data.
Analysis of ethanolic extract of Clerodendron serratum roots by GC-MS revealed the presence of four major components as shown in Figs. 2 and 3. From the chromatogram and mass spectra, the compounds were identified to be squalene, palmitic acid, hexadecenoic acid, and stigmasterol. The phytochemical composition of the ethanol extract of C. serratum roots with compound name, molecular formula, molecular structure, retention time, and biological activity are shown in Table 3.
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Fig. 2Chromatogram of ethanolic extract of Clerodendrum serratum roots

[image: ../images/40543_2021_286_Fig3_HTML.png]
Fig. 3Mass spectrum of identified compounds

Table 3The Identified phytochemical composition of ethanolic extract of Clerodendrum serratum roots


	S.No.
	Retention time
	Name of the compound
	Molecular formula
	Molecular weight
	Peak area %
	Chemical structure
	Biological activity

	1
	8.4
	Squalene
	C30H50
	411
	2.5
	[image: ../images/40543_2021_286_Figa_HTML.gif]
	Hypolipidemic, hepatoprotective, cardioprotective, antioxidant, and antitoxicant activity

	2
	15.7
	Methyl palmitate
	C17H34O2
	270
	5.2
	[image: ../images/40543_2021_286_Figb_HTML.gif]
	Anti-inflammatory and anti-fibrotic effects

	3
	17.6
	Hexadecenoic acid
	C16H30O2
	284
	1.7
	[image: ../images/40543_2021_286_Figc_HTML.gif]
	Antioxidant, antimicrobial, hypocholesterolemic, antiarthritic, and anti-inflammatory activities

	4
	24
	Stigmasterol
	C29H48O
	412
	3.4
	[image: ../images/40543_2021_286_Figd_HTML.gif]
	Anti-osteoarthritic, anti-hypercholestrolemic, anti-tumor, hypoglycemic, anti-mutagenic, anti-oxidant, anti-inflammatory activities




Squalene is a triterpenoid that was detected at retention time 8.4 min with a peak area of 2.5% revealed to possess hepatoprotective, hypolipidemic cardioprotective, antioxidant, and antioxidant activity (Ghimire et al. 2016). Methyl palmitate was identified at a retention time of 15.7 min, and a peak area of 5.2% was reported to possess anti-inflammatory and anti-fibrotic effects (El-Demerdash 2011). Hexadecenoic acid which is a long-chain saturated fatty acid was identified at 17.6 min with a peak area of 1.7%. The compound n-hexadecenoic acid was found in Pterocarpus angolensis (Mustapha and Runner 2016). Antimicrobial, antioxidant, hypocholesterolemic, antiarthritic, and anti-inflammatory are some of the pharmacological properties which are reported to be possessed by n-hexadecenoic acid. Stigmasterol was identified at 24 min of retention time with a peak area of 3.4% wherein, and the Wulzen anti-stiffness factor is another term for stigmasterol, which is a form of unsaturated plant sterol. It is one of the potential cholesterols lowering activity and anti-osteoarthritic properties (Gabay et al. 2010). Stigmasterol has antimutagen, antioxidant, and anti-inflammatory properties, as well as inhibiting 24 Δreductase, which regulates cholesterol biosynthesis (Rosa et al. 2006).
Validation of squalene in ethanolic extract of clerodendrum serratum by GC-FID technique
Method development
This study aims to develop a simple, robust, and derivatization-free analytical technique for the analysis of squalene in ethanolic extract of Clerodendrum serratum roots. To analyze squalene parameters like a solvent, sample size, inlet temperature, column temperature, and program, detector temperature and the pressure were optimized and developed a satisfactory method.
Sample solvent selection
Sample solvent selection was the first step in developing the GC method wherein, the solvent was decided based on better solubility, ability to produce a good peak shape of the desired component. Hence, initially, ethanol was chosen where the extract was dissolved but resulted in a broad peak. The solubility and peak shape were improved when methanol was used as a sample diluent. Therefore, methanol was selected as a sample solvent.
Sample concentration selection
The initial trial was conducted using a 1μg/mL sample but resulted in a very low-intensity peak. Hence, the second trial was conducted using 10μg/mL and showed a good peak but with low intensity. While good peak was obtained when injected with 100μg/mL concentration, whereas further injection with 200μg/mL resulted in residual carry-over. Therefore, 100μg/mL was the final chosen sample concentration.
Column screening
The stationary phase of column polarity plays a critical role in successful resolution and peak shape. For the improved peak resolution, the stationary phase polarity of the column should match with the polarity of a sample selected for analysis. The initial trial was conducted using polydimethylsiloxane (OV-1) but did not result in desired sample peak. Wherein on using ZB, drug column showed effective results.
Selection of injection parameter
One microliter of injection under splitless mode was chosen to avoid the overloading of a column and also to increase the sensitivity of the method. The injection temperature was chosen based on the boiling point of the squalene, i.e., 275°C. Hence, to evaporate the sample and generate a good peak, 250°C was selected as injection temperature.
Column temperature programming
The preliminary study of column temperature programming was conducted by taking 150°C as an initial temperature, which further raised to 250°C with a ramp rate of 15°C/min and retained for 2min. Subsequently, the temperature was further increased set up to 280°C of 3°C/min with a hold time of 2min. Thus, obtained a total run time of 19.7 min and the desired peak was eluted at 17.5min.
Validation
After establishing the method conditions as described above, the method was validated for linearity accuracy, precision, the limit of detection, the limit of quantitation, and robustness as per ICH guidelines. The selectivity of the procedure was tested by comparing the retention time of the standard with the desired sample peak of extract, and quantitative analysis of squalene was conducted under the defined conditions. The results of the system suitability are shown in Table 4.
Table 4GC validation report for the determination of squalene


	Parameter
	Value

	Linearity
	5–30 μg/mL

	LoD
	0.79 μg/mL

	LoQ
	1.89 μg/mL

	Recovery (%)
	99.85%

	Regression coefficient
	0.995

	Retention time
	17.5 min




Specificity
No other interfering peaks were found with the other constituents present in the sample and also on using methanol diluent did not show any interfering peaks, and the retention time of sample peak was confirmed by injecting the sample which showed a peak at the same retention time of that of standard, i.e., at 17.5min as shown in Fig. 4.
[image: ../images/40543_2021_286_Fig4_HTML.png]
Fig. 4Chromatogram of squalene in ethanolic extract of Clerodendrum serratum roots


Assay of squalene in extract
The developed and validated GC-FID method was used for the quantification of squalene in ethanol extract of C. serratum roots. About 5.5μg of squalene was found to be present in the 100μg/mL concentration of ethanol extract, which was calculated using the regression coefficient equation from the linearity graph.
Linearity
The ability to interpret “reports exactly proportional to the sample analyte concentration” is known as linearity. Linearity is important for verifying the system’s sensitivity when analyzing analyte concentration within a given range. Linearity was developed by taking serially diluted concentrations range of 5–30 μg/mL. Each dilution was injected and their peak areas were calculated to access method linearity. Squalene linearity graph was plotted by taking peak area versus their concentrations (Fig. 5). The regression coefficient of squalene was found to be 0.995 (Table 5), and Fig. 6 represents the overlay chromatogram of squalene.
[image: ../images/40543_2021_286_Fig5_HTML.png]
Fig. 5Linearity graph of squalene

Table 5Linearity of squalene


	Concentration (μg/mL)
	Peak area

	5
	46,521

	10
	80,433

	15
	102,726

	20
	140,845

	25
	180,412

	30
	219,431



[image: ../images/40543_2021_286_Fig6_HTML.png]
Fig. 6Overlay chromatogram of standard squalene


Accuracy
Accuracy refers to how similar a calculated value is to the true value. The percentage recovery method was used to calculate accuracy, which involved spiking a known amount of stock solution into test samples and calculating percentage recovery at three different concentration levels. Three-level (50%, 100%, and 150%) responses of the spiked squalene samples injected were found to be accurate (Table 6). Hence, the results obtained demonstrate that the developed method is having the capability of giving accurate quantification of squalene in ethanolic extract of Clerodendrum serratum roots.
Table 6Accuracy of squalene


	Level of recovery
	Amount of sample (μg/mL)
	Amount of pure drug (μg/mL)
	Total amount of drug (μg/mL)
	Peak area
	Difference
	% Recovery
	Mean %

	50%
	5
	10
	15
	110,252
	79,720
	99.113
	 
	5
	10
	15
	109,892
	79,360
	98.665
	99.001

	5
	10
	15
	110,342
	79,810
	99.225
	 
	100%
	5
	15
	20
	130,654
	100,122
	97.465
	 
	5
	15
	20
	133,402
	102,870
	100.14
	99.248

	5
	15
	20
	132,822
	102,290
	99.575
	 
	150%
	5
	25
	30
	170,086
	139,554
	99.083
	 
	5
	25
	30
	171,424
	140,892
	100.033
	99.855

	5
	25
	30
	172,012
	141,480
	100.45
	 



Precision
The degree to which repeated measurements under the same conditions produce the same results is known as a measurement system’s precision, which is related to reproducibility and repeatability. The precision was carried out at intra-day and inter-day which was established by injecting 5, 15, and 30ug/mL concentration 6 times and %RSD was calculated. The results were found to be highly precise as the %RSD shown less than 2% hence were within the limits according to the ICH guidelines. The results of precision are depicted in Tables 7 and 8.
Table 7Intra-day precision of squalene


	S. No
	5 μg
	15 μg
	30 μg

	1
	46,521
	102,726
	219,431

	2
	46,873
	102,442
	219,722

	3
	46,702
	101,926
	220,892

	4
	46,589
	102,490
	209,911

	5
	47,212
	102,314
	218,324

	6
	45,210
	105,215
	218,012

	Average
	46,517.83333
	102,852.1667
	217,715.33

	Standard deviation
	686.648
	1187.072
	3960.493

	% RSD
	1.476
	1.154
	1.819



Table 8Inter-day precision of squalene


	S. No
	5 μg
	15 μg
	30 μg

	1
	45,433
	103,911
	218,768

	2
	46,692
	102,874
	216,783

	3
	47,235
	102,921
	220,453

	4
	46,328
	103,242
	214,330

	5
	47,394
	107,983
	212,754

	6
	46,989
	103,872
	220,765

	Average
	46,678.5
	104,133.833
	217,308.83

	Standard deviation
	720.047
	1938.443
	3281.965

	% RSD
	1.542
	1.861
	1.5102




LoD and LoQ
The lowest concentration of an analyte that can be accurately measured but not quantified is known as the LoD while LoQ is the lowest quantity of an analyte that can be quantitatively calculated with defined precision under the stated experimental conditions. The sensitivity of the method was evaluated by LoD and LoQ. Using the equation LoD = 3.3 μ/s LoQ = 10 σ/s where σ is the standard deviation and s is a slope, the results were obtained, where the LoD was found to be 0.79 μg/ mL while 1.89 μg/ mL for LoQ of squalene.
Robustness
Even after making deliberate changes, the results obtained are found to be accurate or within the method’s defined tolerance limits, which is known as robustness. It was accessed by changing the operational parameters such as split ratio, column flow rate, and injection. The results obtained on variation in parameters are summarized in Table 9 which showed low variation in values, hence represents that method is robust.
Table 9Robustness result for squalene


	Condition
	Tailing
	Concentration
	Peak area
	% RSD

	Split ratio
	10:01
	1.383
	30 ug/mL
	214023
	1.219

	9:09
	1.364
	217221

	10:02
	1.372
	212037

	Column flow rate
	0.9 mL/min
	1.374
	30 ug/mL
	218025
	1.738

	1.1mL/min
	1.392
	216963

	1.2 mL/min
	1.331
	211075

	Injection temperature
	245 0C
	1.36
	30 ug/mL
	219352
	1.822

	248 0C
	1.353
	214210

	255 0C
	1.394
	211657




Conclusions
The GC–MS result of the ethanol extract of C. serratum revealed the presence of four major constituents namely squalene, methyl palmitate, hexadecenoic acid, and stigmasterol. It investigates the persistence of essential bioactive constituents with the potential to be used as a drug product in the pharmaceutical industry. This demonstrates that C. serratum roots can be used to cure a variety of illnesses and has medicinal value. The developed derivatization-free GC-FID method can be used to determine squalene from C. serratum roots. For different concentrations of squalene, the procedure demonstrated linearity. Hence, the process was found to be precise, sensitive, and robust and has strong reproducibility according to the ICH guidelines.
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