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Abstract

One of the most significant medicinal plants used to treat numerous illnesses is Swertia chir-
ayita. The present study demonstrated the compositional analysis of the Swertia chirayita
(S. chirayita) plant using an emerging and non-destructive laser-induced breakdown spec-
troscopy (LIBS) technique. Mg, Ca, K, Fe, Sr, Cr, and Na were verified as necessary ele-
ments by the optical emission investigations, while Al, Ti, Si, Ba, Mn, and Li were non-
essential. Using the Boltzmann plot technique with stark broadening parameters, plasma
temperature and electron number density were calculated in the range of (10,000—12,000)
K 1000 K and (1.5-1.8) x 10" cm3, respectively. Finally, compositional analysis was car-
ried out using calibration-free (CF-LIBS) analysis and results were compared with ICP-MS.
It was observed that the concentration of Ca and Fe is higher than other detected elements.
All the toxic elements are found to be within the safe limit. So, this medicinal plant can be
used to cure a variety of diseases that arise due to the deficiency of these elements.

Introduction

Swertia belongs to the family Gentianaceae which comprises perennial and annual herbs, hav-
ing approximately 135 species in it. The species of this genus are commonly used in making
herbal medicine curing a variety of disorders. S. chirayita, common name: “Chiretta” is consid-
ered a critically endangered species as it grows at higher altitudes between 1200 to 2100m ele-
vation. This plant grows in the sub-temperate zone of the Himalayas of Kashmir and Bhutan
[1] at the highest slopes of moist and shaded soil [2]. Due to the continuous usage of this plant
in herbal remedies, it is over-exploited from its natural habitat and it is now on the edge of
elimination in the wild. S. chirayita has been used as a traditional Ayurvedic herb by different
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indigenous inhabitants in multiple ways to gain benefit from it. The plant as a whole is utilized
for the treatment of inflammation, hepatitis, and digestion-related issues [3]. Apart from this,
it is also used to cure different types of fever, anaemia, malaria, hepatotoxic disorders, bron-
chial asthma, liver disorders, constipation, gastritis, skin diseases, dyspepsia, epilepsy, worms,
scanty urine, ulcers, melancholia, hypertension, and nervous disorders, blood purification,
diabetes and secretion of bile [4]. Chirayita provides us with fresh key compounds for the crea-
tion of pharmaceuticals that target various pharmacological targets [5]. It is presently in danger
of going extinct in the wild as a result of its extensive usage in traditional medicine, which has
led to more exploitation than natural habitats [6].

Different analytical techniques were used for the compositional analysis of Swertia chir-
ayita. Kshirsagar [7] analyzed Swertia chirayita using the HPLC method and indicated pheno-
lic components. The chemical composition of chirayita was also studied by Tabasuum et al.
[8]. It was discovered that Amarogentin (chirantin), Amarogentin (chirantin), Gentianine,
Swerchirin, Swertiamarin, Xanthones, Mangiferin, Lignan, Triterpenoids, and Pentacyclic Tri-
terpenoids are chemical substances present there.

However, the methods employed so far for the analyses are difficult, pricey, and time-con-
suming. Further research is necessary to develop a quick, straightforward, and reliable method
for compositional analysis of the Swertia chirayita. The present study describes the composi-
tional analysis of Swertia chirayita using laser-induced breakdown spectroscopy (LIBS). Laser-
induced breakdown spectroscopy (LIBS) has been recognized as a rapid and insignificantly
damaging tool for an entire compositional analysis of various elements with minute or no-
sample preparation as compared to usually accessible techniques of spectroscopy [9]. This
technique has potential applications in many fields including deep-sea study, industry, explo-
sives investigation, environmental checking, food, agriculture and medicine [10]. Also, it yields
emission spectra of the sample which are under observation which have characteristic spectral
lines belonging to the several elements which are present in the targeted material including sol-
ids, liquids and gases [11]. It is believed that LIBS is well-suited to manage the variety of real-
time measurement requirements in the domains of agriculture and plant sciences because of
its advanced features [12].

The current work proposes a fundamental and exact approach that can be used to accu-
rately analyze several components (the root, stem, leaves, and flower) of Swertia chirayita as
opposed to complicated, expensive, and time-consuming lab methods. To understand how
procedure parameters impact the samples, it is crucial to know the operating plasma tempera-
ture and electron number density of the LIBS. Target material, laser irradiance, wavelength,
pulse duration, atmospheric conditions, and geographic location influence the procedure’s
properties [13]. Numerous research has demonstrated that the Boltzmann equation may be
used to estimate the temperature that regulates the distribution of energy level excitation using
an optically thin LIBS [14, 15], while calculations based on the Saha equation, often known as
the plasma equation, can be used to estimate the ionization temperature [16, 17]. The main
aim of this study is to check essential, major and traces of elements present in plant parts
which are used by common people for the treatment of different diseases by using a relatively
simple and fast technique. Due to the negligible or minimal sample preparation, LIBS is able to
provide relatively cheap and rapid response for the detection of essential, major and trace ele-
ments in medicinal plants. The plant’s composition can inform conservation efforts, such as
ex-situ conservation (e.g., seed banks) or cultivation programs. Moreover, the plant may have
cultural or traditional significance, and its compositional analysis can help preserve this
knowledge for future generations. This study also demonstrates how the LIBS technique can
be used to analyze and monitor quality in the pharmaceutical and medicinal plant industries.
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Material and methods
Sample preparation

The roots, stems, leaves and flowers of the Swertia chirayita plant were taken from district
Bagh, Azad Jammu and Kashmir, Pakistan for the LIBS analysis. The samples were collected,
dried in the sun, and then chopped into extremely small pieces with an average diameter and
thickness of 20 mm and 2 mm, respectively. Then, 2 g of pieces were compacted into pellets
using a hydraulic press at 25,000 psi of pressure.

Experimental setup

In the literature, the fundamental experimental design has been explored [18, 19]. This high-
power Q-switched Nd: YAG laser, manufactured by Brilliant-B Quantel in France, has a pulse
duration of 5 ns, a 200 mJ output at 532 nm, and a 400 mJ output at 1064 nm. By adjusting the
Q-switch delay, the laser pulse energy was controlled using an energy meter (Nova-Quantal,
France). The surface of the pellet, which was positioned on a revolving platform, was focussed
by a green laser with a pulse energy of 50-100 m] through a quartz convex lens with a 10 cm
focal length. The laser’s focussed beam was measured to have a diameter of around 0.1+0.01
cm and fluence was approximately 6-12 Jem™2. The air in front of the sample was stopped
from breaking down by keeping it closer to the lens than its focal length. An optical fibre
(high-OH, core diameter of approximately 600 um) with a collimating lens (0-45° field of
view) positioned normally to the plasma plume was used to collect emitted radiations. A group
of four spectrometers (Avantes, Holland) covering the wavelength range of 230-950 nm and
each having a 10 pm slit width were used to measure the radiation that was emitted. The emis-
sion signals were corrected using the LIBS software by deducting the dark signal from the
actual emission signal. The detector gathered the panel-like light, which it later recorded as
intensity data. The optical link was equipped with the LIBS detection device to keep track of
the plasma emission. The sample material emission spectra were then thoroughly examined
using the NIST atomic database [20].

Results and discussion

Four samples of Swertia chirayita (root, stem, flower, and leaves) were analyzed qualitatively
and quantitatively by LIBS in the present study. The emission lines of the chemical elements
found in the samples are contained in the LIBS spectra. The plant samples contain Mg, Ca, K,
Fe, Sr, Cr, Na, Al, Tj, Si, Ba, Mn, and Li.

Emission studies

The NIST database’s spectral lines were compared to the emission lines found for each element
for the qualitative analysis of all the samples. Recorded emission spectra ranged in wavelength
from 240 nm to 880 nm. Four samples show the presence of the emission lines of 13 distinct
elements, including Ca, Mg, Fe, Si, Al, Cr, Ti, Ba, K, Li, Sr, Na, and Mn. The emission spectra
in the range of 230 to 306 nm are shown in Fig 1. Thirty-one peaks in the spectra were recog-
nized to be for ionized Fe (II). Six lines at 242.33 nm, 296.66 nm, 297.35 nm, 299.45 nm,
302.06 nm, and 305.75 nm are those for neutral Fe (I). Si (I) was found in seven lines at 243.1
nm, 250.59 nm, 251.43 nm, 251.92 nm, 252.84 nm, 263.11 nm, and 288.15 nm. Mg (I) was
seen at 277.98 and 285.21 nm, whereas Mg (II) acquired four lines at 279.07, 279.55, 280.27,
and 292.86 nm wavelengths. The lines at 257.58, 259.37, 260.60, 293.93, and 294.95 nm were
found to be Mn (II). A strong line of C (I) was deducted at 247.84 nm. The second portion of
the stem spectrum, with wavelengths ranging from 230 nm to 306 nm, is shown in Fig 2.

PLOS ONE | https://doi.org/10.1371/journal.pone.0309647  September 20, 2024 3/12


https://doi.org/10.1371/journal.pone.0309647

Compositional analysis of Swertia chirayita medicinal plant

PLOS ONE

\
|9 |
— >
WU G G0E 10— v v
o SN m |
[e] @ S s B o
i - 2 88 2%358
WU 90'Z0¢ | 94 -—— o Im a, m m = = 1% nmv LICR Ao o3 L p—
m wu 0z Zoe I1ed| w m m m .w m) m % &
= wu 5’662 | 04 R - S o v g oy = ©
[} R S L Iy =9 3 84S £ .
W wusE /62183 wobEBZIUN a o 2 g < M >~ 5] L [ —
wu 99 967 | 04 — U — 5 » Q b3 W §9'962 11 0 —————————————————————
D wueETeZIUN 9 % © & o ;8
wu9gZeZ BN — ——— —= m > W sl = m L » WUZ6 467 || UN ———————————————— =
o o L O 8 5 9 WugEEeZ INUN o
» ) m 2 = 2 m G 008262 11BN ™
wusLgez 1S N © 3 .m 1aﬂ.v m o ..w
EE<e= 5 58
wu 17562 | 61 S Y a g m %) wu 8gL'g8e | IS
o (5] Q o <
wu 62°642 11 B m w.. = m m m f=]
wu 22082 11 B /, (=] v 2 0.5 2.9 Le'sge | B
— ] TLE 2 g g8
c——— e O
WU §G'822 Il B w2062 IO ——% N s .= g 38 2 g
w9622z 0N -——""" e oD s ] g 2 62622 11 BW
WU GL9LTIed £ @ = S e g 9o L2082 11 BN
s 66 545 154 = c M m = 3 m hr .ﬂm G642 Il B 2062211 O — = i
v W 20642 11 By ——
WU p9p2Z 1| 04— Wb 02222 Il 04 M o tm s .lmm =0 g g9°6L2 11 BN £06'242 1 61 &
(5] ~ .
.”._“.M.mﬂw _,__N T ¥ —— m m > m w % m m m 152922 104 |-om
N C QL =5 A I s .2 o W ZgpiE v
0 —~ = WU G§'€L¢ 1) 04| 7
) o) = o G6€2e 1 0
° E 85 m b S I3 w169z 11
o= 2 a e i
e : - s
wu 14 €9Z 118 © S o 5 8 &« W €197 11 0
S L AN . - ¥y
maw a2 23 E835E° T -
wugL19z 1104 ] on O oL 'w 8 € WU 2860211 UN WU EE'6GZ 1104 =
i —_ - (L=} N O LB O L O ¢
wu 09'09Z Il UN WU 2E'65Z 11 UW IIH\JV\‘ N S (5] T ~ 0 — wu 65°85¢ 11 04
B — & 5 &8 g% E QT wogis2 11
WU GZ9GZ 1194 — ————a= =} W - X g v m - e wu £2'962 | 11
wu 9g'66Z 11 04 WIEEHSTNES ——————e I ] ..m — - m 2 m =] WU £6'VGZ [1 04—
wu pgZ6Z 1S . - ~ =t ~ N 0O & & 0 wu pgesz | 1S WU 98'EGZ || O —pmm
wu gzese Il o4 T en .:hL B IR I =] wu gz 262 | 04 |
wu Z6'16Z 11| wuEpISZ IS = o £ ~ & M % g m.. R wu g6'L62 1 15| WU EP'LGZ 1S ——tom
5
wu 69052 115~ \»lllVbV n mv = m m w N a8 T m = WU 69°08Z | 1S L
Wy pg'2vE | D WO ErTNod ——— N A=Y o O < 1m Lau...v g = M wu oe'eve Il 0
2| = g M s ¥ hm LM W WU 48267 | O —w =
gl 8 S 22 E=E =
et wisozls — 58 g8 BELEFE
Wwu pg'6EC Il 04 wu eeeYe |04 - @» S S I~ 2 S p )
wu 85 662 Il 94 —— o 23 g @ L £ T 5 W g'ErE | 1S
t—— e ° 5] = 00 O M~ > o— WU 8B" 2 o
wu pg gez Il o4 o = = > 0 = = 66'0vZ Il o4 wu Zy'zvz | 94
wu 6167 1l 4 = < gl s @ &2 .E g wu 69°0YZ Il 04
e N o 2 5 Q N © O o X wu Gp' E]
wu £g'£€Z 11 94 o = o = w N > O B g sv'ove Il o4 =
Sl — s E §EgyEE s va'05z 1 o e
Wu0BGEZ 194 WU 0B VEZ Il 34 S| 3 g 2 Y =] g a, ..m Wwu 0g'6€z Il o4 IR A Y p—
wu /562 1l 0 bl ﬂ 1 g = = g 2 Q © 5 9 =4 wu eL'gee Il o4 o aeros =
I-I-I]u’ L g 5 m < g 252 W) OFREE I 9 b
T = T = T = 2 2 Z BES =2 aga < S L 0B¥EZ I 04— g
: -
e O O (=] (=] o g 2 WU BL'E52 11 04—~
©C © © O o (= .m > A\
S2S8 E & sEEEEEl - e
® B F - = £ s 2888888 8 g8 8 g
N = = N OWwWOoOWwOouw N » © P
(n"que) Ayisusayu| 2 BOGE =g =
= (n°que) Aysusaju)

4/12

290 300

280
Wavelength (nm)

250 260

240

Fig 2. Emission spectrum of stem sample ranging from 230 to 306 nm.

https://doi.org/10.1371/journal.pone.0309647.9002

PLOS ONE | https://doi.org/10.1371/journal.pone.0309647  September 20, 2024


https://doi.org/10.1371/journal.pone.0309647.g001
https://doi.org/10.1371/journal.pone.0309647.g002
https://doi.org/10.1371/journal.pone.0309647

PLOS ONE Compositional analysis of Swertia chirayita medicinal plant

Table 1. Spectroscopic parameters of Ca (I), Mg (I) and Si (I) emission lines.

Wavelength A Transition Transition Ex (eV) g
(nm) Upper Level Lower Level ?11' (())J)i_ilb)ility
s

https://doi.org/10.1371/journal.pone.0309647.t001

Plasma temperature

The plasma may be defined by its temperature (T), which is an important quantity. The plasma
temperature was calculated using the Boltzmann plot method [24]. The Boltzmann plot was
made using the Ca (I) and Mg (I) lines. Due to experimental irregularities and self-absorption,
the data are given with a 10% inaccuracy. The Boltzmann figure was created using the spectro-
scopic parameters listed in Table 1. Self-absorption is the result of photon absorption in laser-
induced plasma. Self-absorption may be considered when the lowest level of transitions is near
the ground state. There appears to be a self-reversal drop at the front of the queue when there
is a lot of self-absorption. Saturated lines must be avoided while measuring plasma tempera-
ture since they cannot provide valuable information. The Boltzmann plot consisting of Ca (I)
lines of all samples is shown in Fig 3(A). The average plasma temperature for Ca (I) of all sam-
ples is (10652+1000) K. Fig 3(B) shows that the average plasma temperature of Ti (I), Si (I), Fe
(I) Ca (I), and Mg (I) of roots sample is to be of (10054+1000) K.

Electron number density

The electron number density (n,) was calculated using the full-width half maxima (FWHM) of
the well-isolated and sharply widened Ca (I) line at 616.21 nm. The Ca (I) line’s sharp widen-
ing profile, with a wavelength of 616.21 nm, is shown in Fig 4. The spectrum was recorded
using a Nd: YAG laser that can provide 100 m]J of energy and operates at 532 nm. The experi-
mental data points are represented by the dots in the figure. The value of FWHM is shown by
the solid line, which is a Voigt fit. By using Voigt fitting, FWHM for the Ca (I) line at 616.21
nm was calculated to be 0.1097 nm. The following relation was used to estimate the electron
number density [22].

n, =

A)éFWHM X N, (1)
Ws
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Fig 3. (a) Boltzmann plot for Ca (I) lines of all samples (b) Boltzmann plot for Ti (I), Si (I), Fe (I) Ca (I), and Mg (I) of roots sample.

https://doi.org/10.1371/journal.pone.0309647.9003

Where Adpwyy is a stark contribution to the inline profile w; is the stark broadening parame-
ter. The neutral calcium line’s stark broadening parameter wy has a value of 0.00698 nm at
616.21 nm [23]. N, is reference electron number density and taken as 10'® ¢cm™ for neutral
lines [23]. From Eq (1), the estimated electron density is (1.7£0.1)x10"” cm™>. The likely elec-
tron density from H,-line is (1.59+0.1)x10"” cm™.

To confirm that the laser-generated plasma is in local thermodynamic equilibrium (LTE),
McWhirter [24] proposed criteria for the lower limit of n,, given as

n, > 1.6 x 102 x AE* x T'/> (2)

’AE’ indicates the energy differential between the higher and lower energy levels, while "T’
indicates excitation temperature. The electron density found in Ca (I) emission lines at 616.21
nm was in the range of (1.5-1.7£0.1) x 10" cm™. When utilizing the McWhirter criteria,
number densities are calculated that are much lower than when using the Stark broadening
parameters in the range (2.2 + 0.1) x 10'> cm™. The electron number density obtained using
McWhirter criteria is substantially less than that found by Stark broadening parameters.

Therefore, the plasma can be near to LTE.

20000 - Ca-I: 616.21 nm
n,=1.7x 10'" em”
El
§15000 -
2
9]
€ 10000 4
5000 A

Voigt Fit

616.08 616.42
Wavelength (nm)

615.74

30000+

200004

Intensity (a.u)

10000+

H " Voigt Fit

o

n,=1.59 x10'7 cm™

653 654 655 656 657 658 659 660

Wavelength (nm)

Fig 4. The stark broadened profile of Ca (I) at 616.21 nm and H,, line of roots sample.

https://doi.org/10.1371/journal.pone.0309647.9004
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Compositional analysis

One-line calibration-free LIBS. This method determines the composition of neutral spe-
cies using the Boltzmann equation. The emission line intensities from the same species are
linked by the following equation [25].

UA(T) &

FC* =1 et (3)

¢ A8k

Iy is the line intensity, C, is the number of neutral atoms present, and the "F" factor, which
is constant for a given spectral system efficiency, is related to the ablated mass. The factor 'F°
can be computed by correcting the species concentration for normality. This approach makes
use of the plasma’s average temperature and electron density. The neutral atom concentration
C, is calculated using the equation above using the partition function that is taken from the
NIST database at average plasma temperature. The Saha-Boltzmann equation, which links the
concentration in a specific element’s two subsequent charge states Z and Z+1, may be used to
determine the concentration of the ionized atom C,,, if the ionic lines are absent for certain of
the elements.

Cz+1 (2mekBT)%2Uz 1 Eiun -3
n, = :T U: exp kB—T cm (4)

Eq (4) provides the ratio of the concentration of two charge states Z and Z+1 of the same
&t

Z

elements (=-) from where by substituting the C* value from Eq (3) for C**!, we can quickly

compute its value.
The total concentration of C* and C is shown as

G=C+C,0=C+C, (5)
We utilized the following relationship to determine the percentage compositions:

n® *(atomic weight)

C'% = fof 100 6
° ne *(atomic weight) + nb *(atomic weight) ()
Chop — n? *(atomic weight) 100 )

ng *(atomic weight) 4 n%, *(atomic weight)

Inductively coupled plasma-mass spectrometry (ICP-MS)

Inductively coupled plasma-mass spectrometry (ICP-MS) is used to determine low-elemental
concentrations from parts per billion to parts per trillion. The atomic elements are passed
through a plasma source, ionised and sorted by their mass-to-charge ratio. This technique has
extremely low detection limits, a large linear range, and possibilities to detect the isotope com-
position of elements [26, 27]. Due to these advantages, the composition of the Swertia chirayita
was also determined using this technique. The elemental analysis of the Swertia chirayita using
the CF-LIBS technique was compared with those obtained from the ICP-MS. The results
revealed that both methods give similar results which confirmed the reliability of LIBS for
determining the elemental composition of Swertia chirayita.

Results obtained by CF-LIBS matched with the results obtained using ICP-MS within 5%
uncertainty. Table 2 demonstrates the averaged concentration obtained using LIBS and
ICP-MS for all the parts of Swertia chirayita that were taken from the district Bagh Azad
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Table 2. Averaged elemental compositions of the several Swertia chirayita parts obtained by CF-LIBS and
ICP-MS.

Elements Roots (%) Stem (%) Leaf (%) Flower (%)
Li 0.33 0.52 0.41 0.49
Na 2.25 0.49 0.39 0.83
Mg 5.51 7.37 7.33 6.25
Al 1.57 1.68 1.10 1.58
Si 10.13 8.38 12.60 10.50
K 4.49 2.63 1.21 2.59
Ca 35.51 51.55 28.12 2591
Sr 2.48 4.34 4.35 5.96
Ba 3.78 2.15 4.75 7.43
Ti 0.59 0.35 0.32 0.49
Mn 0.06 0.07 0.07 0.10
Fe 30.18 15.28 36.18 33.48
Cr 4.85 5.20 3.18 4.42

https://doi.org/10.1371/journal.pone.0309647.t1002

Jammu and Kashmir had two important essential elements, such as Ca and Fe, as well as a
moderate amount of one trace element of Si. Almost all of the samples include greater quanti-
ties of calcium and iron. Ten other elements like Al, Ba, Sr, Cr, Li, Mg, Mn, K, Na, and Ti are
also found.

From Table 2, It is clear that the stem and roots of the plant contain a larger quantity of cal-
cium than the rest of the plant. Additionally, leaves have a somewhat greater calcium content
than flowers. According to the findings, calcium predominates in every area of the plant and
can be utilized to cure a variety of ailments. It has a substantial impact on how muscles and
blood vessels contract and relax [28]. Heart attack, high blood pressure, and osteoporosis
brought on by ageing are lessened by it [29]. The concentration of calcium is higher in the root
and stem samples than in any other mineral during the investigation. These plant components
may thus help treat bone issues as well as the cell communication that regulates muscular con-
traction and relaxation. According to the findings, leaves and flowers have a higher proportion
of iron than roots.While the stem contains a small amount of iron. It may be helpful for differ-
ent medical issues. It seems that iron, a trace mineral that naturally appears in medicinal
plants, is an essential part of human health. Most of the iron in the blood is stored in the bone
marrow, muscles, and liver [30]. Iron is a crucial element in red blood cells, which carry oxy-
gen. Without iron, haemoglobin would not be able to bind oxygen, limiting the amount of life-
sustaining energy produced [29]. Utilising the plant’s leaves and flowers may improve cellular
health and the immune system’s reaction. From Table 2, it can be seen that the stem and leaves
contain more concentration of magnesium than other parts of the plant. Numerous illnesses,
including migraines, heart disease, stroke, constipation, diabetes, and hypertension, may result
from alack of it [31]. The stem and leaf samples in the current study had greater magnesium
levels than the other plant samples, according to the measured magnesium values. So it may be
significant for RNA and DNA synthesis and the above diseases. For cells, organs, and tissues to
operate properly, potassium, a vital mineral, must be present in the body [32]. It is necessary
for the heart, digestion, and contraction of muscles. Additionally, it maintains the heartbeat
regularly and improves blood pressure [33]. According to the present study’s observed potas-
sium values, the root samples have greater potassium levels than the other plant samples. The
plant’s roots are essential for the contraction of muscles and the beating of the heart. To pro-
mote cardiovascular health, recommendations have been made for large reductions in diet
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https://doi.org/10.1371/journal.pone.0309647.9005

sodium intake [34]. Nearly all of the plant samples include a tiny amount of sodium. There-
fore, the plant’s samples may play a crucial part in preserving cardiovascular health. After oxy-
gen, silicon is the element that occurs most frequently in nature. Silicon s has been associated
with internal nail, hair, and skin structure, general collagen formation, bone mineralization,
and bone health, as well as with immune system health, reduced risk for atherosclerosis, and
reduced metal deposition in Alzheimer’s disease [35]. The third-most prevalent mineral in our
medicinal plant is silicon. Therefore, the plant may play a crucial part in preserving different
diseases. It is known that titanium has no biological use in the human body. Since most tita-
nium is not absorbed by the body, there are no health dangers [36]. It was found in plant sam-
ples for this investigation in extremely small numbers, and its concentration was below the
permitted level. It is not believed that barium is an essential trace mineral. Consuming it in
excess can cause high blood pressure, heart damage, digestive problems, muscle paralysis, and
even death [37]. In this study, it was detected in tiny amounts in plant samples which is not
considered harmful. Aluminum third most rich element in the planet’s crust, is extremely dan-
gerous to all life, including humans [38]. Numerous enzymes, including phosphoxidase, hexo-
kinase, and phosphodiesterase, are inhibited by it [39]. Plant samples have a negligible
quantity of it that is within permissible levels. Lithium plays an important role in mood stabili-
zation, antimanic effect, nonspecific reduction of overactivity, anti-aggressive effect, antide-
pressant effect, neuroleptic augmentations and other related diseases [40]. Its excessive dose
consumption may result in unconsciousness, cardiac arrest, nausea, kidney damage, and vision
impairment [41]. So it is beneficial for that type of health issue. It is found in the sample in an
amount that is far below hazardous thresholds. In the same way, Table 2 demonstrated that in
comparison to other measured elements, Sr and Cr concentrations are often low throughout
the plant. In conclusion, as represented in Fig 5, a total of thirteen elements in various quanti-
ties were found throughout the plant. Ca and Fe are more abundant than any other elements
that have been found. It can be seen that the concentration of hazardous elements lies within
the safe limit so this plant can be used for various medical purposes.
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Conclusion

The Swertia chirayita plant’s composition was examined using non-destructive laser-induced
breakdown spectroscopy. The different parts of this plant samples contained samples of the six
non-essential elements Al, Ti, Si, Ba, Mn, and Li as well as the seven essential elements Mg, Ca,
K, Fe, Sr, Cr, and Na, according to an examination of optical emission spectra. We used the
Boltzmann plot method and broadening parameters to get the electron density and plasma
temperature. The plasma temperatures of all the plant samples were determined to be in the
range of (10,000-12,000) +1000 K and electron density lies in the range (1.5-1.8) x10"” cm™.
The obtained result showed that the measured level of non-essential/toxic components is
below the permitted levels. Different parts of plants accumulate numerous elements from the
soil so these parts can be used for curing various diseases. It has been observed that the concen-
tration of Ca and Fe is significantly high in all parts of the plant. In conclusion, Swertia chir-
ayita could be used as a promising treatment for a variety of illnesses without causing any
negative effects on the human body. In addition, this study also shows that the LIBS technique
can be effectively utilized for the analysis and quality control of pharmaceutical as well as
medicinal plant industries.
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