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					ABSTRACT  

					ARTICLE INFO  

					Saussurea lappa, a medicinal plant known locally in Indonesia known as pucuk, is recognized for  

					its potential health benefits. This study aimed to authenticate dried root samples obtained from a  

					local herbal store by sequencing the ITS region (ITS4/ITS5) and analyzing the results using  

					BLAST (Basic Local Alignment Search Tool). The dried roots of Saussurea lappa were extracted  

					with 70% ethanol and the active components were identified by gas chromatography-mass  

					spectrometry (GC/MS) and liquid chromatography-mass spectrometry (LC/MS). BLAST analysis  

					of the ITS4/ITS5-amplified sequences yielded an E-value of 0.00, 99% identity, and >90% query  

					coverage, confirming a strong match with Saussurea costus (syn. Saussurea lappa). GC-MS and  

					LC-MS analyses revealed several compounds in the ethanolic extract with immunomodulatory,  

					antioxidant, anti-inflammatory, and anticancer properties. Saussurea lappa contained key  
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					bioactive  

					compounds  

					including  

					alpha-costol,  

					beta-costol,  

					santamarine,  

					beta-  

					cyclodihydrocostunolide, dehydrosaussurea lactone, beta-cyclocostunolide, costunolide, and  

					dehydrocostus lactone. Combining GC-MS, LC-MS, and BLAST analysis further confirmed the  

					sample as Saussurea costus (syn. Saussurea lappa), enhancing authentication accuracy.  

					Keywords: Internal transcribed spacer, chromatographic profile, Saussurea lappa, taxonomic  

					identification.  

					Additionally, ethanol extracts of Saussurea lappa possess antibacterial  

					Introduction  

					activity against Helicobacter pylori and anti-ulcer activity by increasing  

					Saussurea lappa Clarke (Asteraceae), also known as Saussurea costus,  

					is a medicinal plant commonly found in the Himalayas, also known as  

					mucosal protection by increasing gastrin mucin activity.13  

					This study authenticated the plant species through a combined  

					molecular and chemical approach: (1) DNA isolation and internal  

					transcribed spacers (ITS) region amplification (using ITS4/ITS5  

					primers) followed by BLAST analysis, and (2) phytochemical  

					verification via gas chromatography-mass spectrometry (GC-MS) and  

					liquid chromatography-mass spectrometry (LC-MS). This novel  

					combination of BLAST analysis with GC-MS and LC-MS  

					chromatographic profiling enhanced the authentication accuracy of  

					Saussurea lappa. BLAST analysis was employed to preliminarily  

					identify the species which was then confirmed by the identification of  

					the characteristic bioactive compounds.14  

					Kustha  

					(Sanskrit),  

					Kust  

					(Arabic/Persian),  

					Kut/Kur/Pachak  

					(Hindi/Bengali), Kot/Kust (Punjabi), Kuth/Postkhai (Kashmiri), and  

					Kuth.1 It is characterized by its tall stem (~ 2 m), triangular leaves (15-  

					30 cm) with winged petioles, and clustered flower heads (2-3 per  

					cluster) with abundant purple florets.2,3,4,5 Saussurea lappa (Decne.)  

					C.B. Clarke exhibits anti-inflammatory, analgesic, antioxidant, and  

					anthelmintic effects, and is clinically used to treat pleurisy and various  

					systemic infections.6,7 The roots, known as pucuk in Indonesia are  

					widely used in traditional medicine to treat various ailments. However,  

					dried pucuk roots sold in Indonesian herbal stores require proper  

					verification to confirm whether they are authentic Saussurea lappa.1,4,7  

					The roots contain dehydrocostus lactone (55.39%), costunolide,  

					flavonoids, and sesquiterpene lactone,8,9 which exert antiproliferative  

					effects by inducing G2/M cell cycle arrest and promoting apoptosis,10  

					as well as inhibitory effects on nitric oxide production and  

					proinflammatory cytokine expression.11,12  

					Materials and Methods  

					Plant collection and identification  

					Dried roots of Saussurea lappa (see Figure 1) were obtained from a  

					local herb store in Indonesia (-7.966122, 112.637823) in 2022 and  

					subjected to taxonomic identification using the National Center for  

					Biotechnology Information (NCBI) data and BLAST analysis.14,15  
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					Authentication of Saussurea lappa species by internal transcribed spacer  
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					DNA sequencing  

					The DNA was extracted using a GeneAid kit according to the  

					manufacturer’s protocol and amplified using ITS4 and ITS5 primers for  

					DNA barcoding.14,16,17 Briefly, 100 mg of dried roots were ground using  

					a mortar and pestle to a powder in liquid nitrogen. The DNA was  

					subjected to 36 PCR cycles as follows: initial denaturation at 94°C for  

					3 minutes, followed by segment denaturation for 1 minute, drying at  

					35.5°C for 1 minute, elongation at 72°C for 2 minutes, and a final  

					extension at 72°C for 3 minutes. The amplification was performed in a  

					total volume of 25 μl using random primers: 5′GTCGCCGTCA3′ (P1)  
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					and 5GTTTCGGTCC3′ (P2) (Imperial). The PCR products were  

					separated in  

					a

					1.2% agarose gel and stained with ethidium  

					bromide.14,18ITS4 is associated with the 5.8S rRNA gene region,  

					whereas ITS5 is associated with the ITS1 region.19,20,21  

					BLAST  

					The BLAST analysis was performed via the BLAST website  

					(http://www.ncbi.nlm.nih.gov/BLAST/).15,16,22 DNA sample purity and  

					concentration were quantified spectrophotometrically using  

					a

					NanoDrop instrument. Electrophoresis was subsequently employed to  

					qualitatively assess DNA integrity before target sequences were  

					amplified via PCR using sequence-specific primers.17 The ITS4 and  

					ITS5 amplicons (see Table 1) were verified by electrophoresis. The  

					Indonesian National Research and Innovation Agency (BRIN)  

					sequenced the verified amplicons using Sequence Scanner software 2.0.  

					Sequences from two different primer sites were combined (contig)  

					using BioEdit 7.2.5 software. Based on the primary DNA of ITS4 and  

					ITS5, the network compatibility with the GenBank database was  

					checked using a web-based BLAST analysis tool (National Center for  

					Figure 1: Dried roots of Saussurea lappa  

					Extract preparation  

					The dried roots were cleaned of contaminants and dirt, washed, and  

					dried in the open air without direct sunlight23 before cold maceration  

					with 70% ethanol to extract the bioactive constituents. Briefly, 300 g of  

					powdered Saussurea lappa roots were mixed with 3000 mL of solvent  

					(1:10 w/v ratio) in an Erlenmeyer flask. The mixture was protected from  

					light, then macerated for 3 days and stirred twice daily. After filtration,  

					the solvent was evaporated and redistilled twice with the addition of  

					1500 mL fresh ethanol. The extract was stirred for 24 hours and  

					concentrated using a rotary evaporator.24,25  

					Biotechnology  

					Information,  

					Bethesda,  

					MD,  

					USA;  

					www.ncbi.nlm.nih.gov/BLAST/) to assess phylogenetic relationships  

					and identify closest affinities.15,20  

					Table 1: DNA primer sequences ITS4 and ITS5  

					ITS4  

					ITS5  

					5’-TCCTCCGCTTATTGATATGC-3’  

					Gas chromatography-mass spectrometry (GC-MS)  

					The extract was subjected to GC-MS on an integrated GC-MS system  

					(Agilent 7890B, USA) to identify the organic compounds. The extract  

					sample was analyzed using GC-MS with a Varian 3800/4000 mass  

					spectrometer, featuring a BP5 capillary column (30 m × 0.25 mm × 0.25  

					micron) from Agilent. The identification of phytocompounds based on  

					molecular formula and retention times (RT) being compared to the  

					database of National Institute of Standards and Technology (NIST14),  

					with a comparison score exceeding 95%. The fragmentation peaks of  

					these compounds were assessed and recognized utilizing existing data  

					to identify the chemicals present in the GC-MS chromatogram.4,26  

					Liquid chromatography-mass spectrometry (LC-MS)  

					5’-GGAAGTAAAAGTCGTAACAA-3’  

					Table 2: ITS4 BLAST results23  

					Query  

					E-  

					Accession  

					Number  

					Spesies/Scientific  

					Name  

					Identity  

					Cover  

					(%)  

					value  

					(%)  

					The instrument used for LC-MS analysis was Ultra High-Performance  

					Liquid Chromatography coupled with Tandem Mass Spectrometry  

					(UHPLC-MS/MS), specifically utilizing a Thermo Scientific TSQ  

					Triple Quadrupole system configured with a Vanquish UHPLC unit,  

					made in USA. The instrument operated under positive electrospray  

					ionization (H-ESI⁺) in selected reaction monitoring (SRM) mode, a  

					strategy typically optimized for quantitative analysis but here leveraged  

					for targeted qualitative identification due to the limitation of the triple  

					quadrupole (QqQ) system in performing full-scan or untargeted  

					fragmentation analyses.27,28 The retention time (tR) after protonation  

					and fragmentation was evaluated via LC-MS analysis, which  

					demonstrated the presence of costunolide and dehydrocostus lactone.29  

					EU239685.1  

					MK225646.1  

					MK035435.1  

					OO826633.1  

					96%  

					0.0  

					0.0  

					0.0  

					0.0  

					0.0  

					Saussurea costus  

					Saussurea costus  

					Saussurea costus  

					Saussurea costus  

					99.57%  

					99.43%  

					99.56%  

					99.85%  

					99.41%  

					95%  

					94%  

					93%  

					94%  

					MK035439.1 Saussurea costus  

					Results and Discussion  

					Table 3: ITS5 BLAST results23  

					DNA sequencing technologies have significantly advanced the  

					identification and characterization of plant species with the  

					development of robust genomic tools including (1) standardized DNA  

					barcoding systems for precise species identification, (2) polymorphic  

					molecular markers for assessing intra- and interspecific-genetic  

					diversity, and (3) multi-locus sequencing approaches for phylogenetic  

					reconstruction. These techniques enable a comprehensive analysis of  

					genetic variation patterns, providing critical insights for both the  

					conservation of threatened species and the sustainable utilization of  

					plant genetic resources. Particularly, the strategic selection of  

					evolutionarily informative DNA regions (e.g., ribosomal ITS, plastid  

					genes) revolutionized our understanding of phylogenetic relationships  

					across various taxonomic levels, from populations to higher-order  

					clades.14,15,18  

					E-value  

					Query  

					Cover  

					(%)  

					Accession  

					Number  

					Spesies/Scientifi  

					c Name  

					Identity  

					(%)  

					EU239685.1  

					MK225646.1  

					MK035435.1  

					OO826633.1  

					95%  

					97%  

					93%  

					91%  

					93%  

					0.0  

					0.0  

					0.0  

					0.0  

					0.0  

					Saussurea costus  

					Saussurea costus  

					Saussurea costus  

					Saussurea costus  

					99.88%  

					99.00%  

					99.55%  

					99.85%  

					99.41%  

					The NCBI BLAST analysis revealed that the ITS4 and ITS5 sequences  

					from the unknown dried root plant sample, it can be seen that the  

					accession numbers EU239685.1, MK225646.1, MK035435.1,  

					OO826633.1, and MK035439.1 show unique sequences, exhibited the  

					MK035439.1 Saussurea costus  
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					highest identity (99%) with Saussurea costus (syn. Saussurea lappa)  

					with an E-value of 0.0 (see Tables 2 and 3), confirming the plant species  

					as Saussurea lappa. The match’s significance and relevance were  

					indicated by a query coverage of ITS4 and ITS5 that exceeded 95%.  

					Every base in the query sequence was typically searched for its homolog  

					and subsequently numbered to ensure compatibility with the database.  

					A highly pertinent match was indicated by an E-value of 0.0 from the  

					examination results. The sample and query had a high identity score of  

					99%, indicating that there were numerous matching base pairs. The  

					BLAST algorithm identified specific genetic targets by aligning and  

					comparing sequence homology between primer regions. Taxonomic  

					analysis using NCBI’s BLAST tool revealed 99% sequence identity  

					with Saussurea costus (syn. Saussurea lappa) when querying the  

					primary DNA sequences amplified by ITS4 and ITS5 primers.22,23  

					GC-MS analysis  

					Figure 2 shows the GC-MS analysis of the Sassurea lappa ethanol  

					extract (x-axis: Retention Time and y-axis: abundance) and Figure 3  

					depicts the qualitative profiling results with suitability of 99%  

					containing the following compounds: dehydrocostus lactone,  

					dehydrosaussurea lactone, beta-cyclodihydrocostunolide, beta-  

					cyclocostunolide, alpha-costol, beta-costol, and santamarine.4,25,26  

					Figure 2: GC/MS analysis of 70% ethanol extract of Saussurea lappa  

					Graph of GC-MS analysis results on Saussurea lappa ethanol extract (x-axis: Retention Time and y-axis: abundance). The blue graph  

					shows the GC-MS analysis on ethanolic extract of Saussurea lappa.  

					LC-MS  

					have become important for species identification. The benefits of  

					utilizing ITS4 and ITS5 were that they applied to a wide range of plant  

					species, they could differentiate between species that were highly  

					related, and the amplification results and sequences were relatively  

					consistent. The constraints included the necessity of an exhaustive ITS  

					sequence database, the potential for contamination, and the variation in  

					fragment length that necessitates optimal PCR conditions.14,16  

					The combination of GC-MS and LC-MS took advantage of the  

					strengths of each technique, resulting in a potent analytical tool that  

					improved the capacity to analyze complex samples across a variety of  

					scientific disciplines. GC-MS qualitative analysis demonstrated 99%  

					chemical profile compatibility, identifying the following characteristic  

					compounds: (1) dehydrocostus lactone, (2) dehydrosaussurea lactone,  

					(3) beta-cyclodihydrocostunolide, (4) beta-cyclocostunolide, (5) alpha-  

					costol, (6) beta-costol, and (7) santamarine, whereas LC-MS identified  

					(1) dehydrocostus lactone and (2) costunolide.4,26,31  

					The LC-MS analysis revealed the presence of dehydrocostus lactone  

					and costunolide (see Figure 4). Dehydrocostus lactone, a characteristic  

					neutral loss of water was observed, resulting in an ion at m/z 248.16  

					([M+H-H₂O]⁺), which further fragmented into product ions at m/z  

					231.14, 213.12, and 195.11. The retention time for dehydrocostus  

					lactone was observed at 2.75 minutes, aligning well with the expected  

					chromatographic behavior of the compound (see Figure 5).  

					Costunolide, the protonated molecular ion [M+H]⁺, was detected at m/z  

					233.15. This precursor ion produced reliable and specific smaller ions  

					at m/z 215.14 and m/z 187.14, which match the known way the  

					compound breaks down. The retention time (tR) for costunolide was  

					recorded at approximately 2.48 minutes (see Figure 5).  

					Identification of plant species solely by the presence of dried roots may  

					be challenging when employing conventional examination techniques.  

					The conventional approach to taxonomic identification necessitated the  

					presence of an intact plant, including its leaves, stems, and roots.  

					Consequently, a taxonomic identification examination was necessary,  

					which involved DNA sequencing analysis of the plant roots and  

					subsequent BLAST analysis.15 Due to their capacity to generate high-  

					resolution genetic data, the ITS regions, particularly ITS4 and ITS5,  

					Dehydrocostus lactone and beta-cyclocostunolide, santamarine had  

					antioxidant, anti-inflammatory, and antimicrobial abilities. This  

					compound inhibited the formation of reactive oxygen species (ROS)  

					which are associated with oxidative stress. In addition, reducing ROS  

					also prevents NFκB activation.30,32  
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					Beta-  

					Dehydrosaussurea lactone  

					cyclodihydrocostunolid  

					Dehydrocostus lactone  

					Beta-costol  

					Beta-cyclocostulonide  

					Alpha-costol  

					Figure 3: The chemical structures of the compounds present in the 70% ethanol extract of Saussurea lappa  

					Santamarine  

					Figure 4: LC/MS (total ion chromatography) analysis of the 70% ethanol extract of Saussurea lappa  
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					Figure 5: Dehydrocostus lactone and costunolide mass spectrum  

					Dehydrocostus lactone reduced NO production in the LPS-activated  

					Authors’ Declaration  

					macrophage cell culture system by inhibiting iNOS expression and by  

					reducing LPS-induced TNF-α production in vitro and in vivo.33,34,35,36  

					Beta-cyclodihydrocostunolide, a sesquiterpene lactone derived from  

					traditional medicinal flora has attracted interest for its prospective  

					therapeutic uses including anti-inflammatory, anticancer, and  

					antibacterial effects.35,36 Costunolide induces apoptosis by reducing the  

					expression of the anti-apoptotic protein Bcl-2. NF-kB activation is also  

					affected by inhibiting the phosphorylation of ikB, underlining its anti-  

					inflammatory activity.37 Dehydrocostus lactone and costunolide exert  

					various anti-inflammatory and pro-apoptotic effects on different human  

					cells. This compound reduced intracellular GSH levels through direct  

					interaction with GSH and, therefore, altered the cellular redox state.38,39  

					Costunolide significantly reduces oxidative stress and inflammatory  

					biomarkers, while its cardiorenal protective effects are mediated by its  

					antioxidant activity and anti-inflammatory properties. Alpha-costol acts  

					as a kinase inhibitor and induces apoptosis, possibly preventing the  

					growth and spread of cancer cells.40 Santamarine dose-dependently  

					inhibits LPS-induced pro-inflammatory mediators such as NO, iNOS,  

					COX-2, and PGE2, and reduces the production of TNF-α and IL-1β.33,  
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