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Abstract

Plant raw materials are widely used for the prevention and treatment providing of many diseases. The interest is the in-depth re-
search of the flowers, leaves, and herb of Tagetes lucida. Therefore, the study aimed to determine the content of primary metabolites,
namely amino acids in the raw materials of this plant. The amino acids composition and content in flowers, leaves, and herb were
determined by the GC/MS method. The results of the study revealed that the raw material of Tagetes lucida contains more bound and
less free amino acids. Free and bound L-proline, L-isoleucine were present in all the analyzed samples in the greatest amount (1.909
mg/g and 20.999 mg/g, 0.804 mg/g and 18.908 mg/g in the flowers; 2.721 mg/g and 18.973 mg/g, 3.459 mg/g and 28.518 mg/g in
the leaves; 6.436 mg/g and 18.817 mg/g, 0.245 mg/g and 0.222 mg/g in the herb). Another free amino acid with a high content in
flowers (1.321 mg/g) and herb (0.825 mg/g) of Tagetes lucida was L-aspartic acid. In addition, high content of L-phenylalanine in
bound form was found in the leaves (11.843 mg/g) of the study plant. These amino acids to be considered distinguishing markers of
the Tagetes lucida. This research contributes to already known information of Tagetes lucida use as herbal medicine, nutraceutical,
and food reinforcement.
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Introduction
et al. 2021c). It is general that all societies of any latitu-

de have a rich tradition in medicinal plant use among its

In along years, the search for medicinal plants with a con-
tinued history of use and small side effects is of interest
to our society (Huzio et al. 2020; Kurylo et al. 2020; Bud-
niak et al. 2021¢; Darzuli et al. 2021). The main purpose of
using plants is the control of metabolic disorders, as plant
metabolites are close to the metabolites of the human
body (Darzuli et al. 2019; Budniak et al. 2021e, h). The
appearance of synthetic drugs, which mostly simulate the
biologically active substances of plants, has not reduced
the role of herbal drugs (Budniak et al. 2020; Slobodianiuk

different folk healing practices (Slobodianiuk et al. 2021d;
Budniak et al. 2021b). The typical plants for diseases the-
rapy are the families of Caryophyllaceae, Lamiaceae, Bo-
raginaceae, Asteraceae, Fabaceae, Apiaceae, Rosaceae, and
Poaceae (Slobodianiuk et al. 2020; Budniak et al. 2021f, g).

The Tagetes genus belongs to the Asteraceae family and
consists of approximately 40-50 species (Lawrence 1985;
Ciccié 2004). It is plants that are native to America, but
they are naturalized in other countries in Asia, Europe,
and Africa (Babu and Kaul 2007; Politi et al. 2017). Tag-

Copyright Slobodianiuk L et al. This is an open access article distributed under the terms of the Creative Commons Attribution QPENWFI-@

License (CC-BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author

and source are credited.


mailto:stoyko_li@tdmu.edu.ua
https://doi.org/10.3897/pharmacia.68.e73325

860

Slobodianiuk L et al.: Determination of amino acids content of the Tagetes lucida Cav. by GC/MS

etes species can be cultivated as ornamental plants or can
be found as wild species (Salehi et al. 2018). The plants
of this genus have biological properties against organis-
ms: bacteria, fungi, nematodes, and insects (Serrato and
Quijano 1993). Such properties of Tagetes are due to the
presence of secondary metabolites such as esters, ethers,
alcohols, ketones, flavonoids, and aldehydes that act as
chemical defenses against pests and diseases (Skakun and
Stepanova 1988; Duke 2008; Lopez et al. 2018). Literature
data revealed that the Tagetes genus has been researched
for new insecticides with special characteristics, such as
the caryophyllene, ocimene, and terpenes especially limo-
nene which is directly responsible for this larvicide activi-
ty against Aedes aegypti (Hitmi et al. 2000; Gallardo et al.
2011; Mejia-Barajas et al. 2012).

There are many species of this genus, such as T. fenui-
folia, T. patula, T. erecta, and T. minuta, that are studied
because of their application in the field of agriculture,
where they exhibit bactericidal, fungicidal, and insecti-
cidal activities, as well as anti-cancer properties (Kashif
et al. 2015; Padalia and Chanda 2015; Politi et al. 2017).
T. erecta showed that its compounds have antiinflam-
matory potential (Devika and Koilpillai 2015) and have
anticancer activity (Lu et al. 2016), as well as T. minuta,
which also presented cytotoxic (Shirazi et al. 2014) and
antiinflammatory activities. Among the T. minuta showed
that essential oil of this plant inhibition against Aspergillus
niger and Candida albicans in addition to gram-positive
bacteria (Shirazi et al. 2014).

Tagetes lucida Cav. (T. lucida), also known as “pericon’,
“hierba de Santa Maria,” “hierbanis’, “anicillo”, “periquillo’,
is an endemic plant in Mexico and Central America that is
prepared from fresh flowers or from the herb of the plant
and orally consumed as an infusion to facilitate diarrhea
and stomachaches, mental agitation, as well as infections
caused by parasites (Argueta et al. 2020; Ventura-Martinez
etal. 2020). T. lucida is an erect perennial herbaceous plant
that can reach 1 m in height. This herb has a sweet-smel-
ling odor, resembling the aniseed aroma (Hernandez et al.
2006). In T lucida thirty compounds were identified, the
methyl chavicol (95-97%) was the major constituent and,
from flower oil, two bithienyls were detected as minor con-
stituents (Marote et al. 2010; Mejia-Barajas et al. 2012; Cic-
cio 2004). Other components include anethole, linalool,
methyl eugenol, and eugenol. Some basic plant secondary
products detected from this species include terpenes, cou-
marin, and alkaloids (Salvana 2019).

Aquino et al. revealed that T. lucida methanol extract
showed a significant free-radical-scavenging effect in
comparison to alpha-tocopherol and standard flavonoids
by using the DPPH test (Aquino et al. 2002; Omer et al.
2015). Regalado et al. established that the leaf essential oil
of Tagetes lucida showed moderate activity against P. berg-
hei and E. coli (Regalado et al. 2011).

Some important plant secondary products which in-
clude terpenes, coumarin, and alkaloids were detected
from Tagetes lucida. Considering the bulk of published
information on the content of various compounds detec-

ted from this plant, it is interesting to note that there is
limited information on the characteristics of Tagetes Iu-
cida primary metabolites. However, there is no available
information on whether also detected amino acids con-
tent in Tagetes lucida. Thus, the purpose of this work was
to evaluate and compare the content of the amino acids in
the herb, flowers, and leaves of Tagetes lucida.

Material and method

Plant materials

Herb, flowers, and leaves of the Tagetes lucida were col-
lected at the experimental sites of the New Cultures De-
partment of M. M. Hryshko National Botanic Garden of
the NAS of Ukraine in Kyiv. The aerial part was harvested
during a mass flowering period in 2019. The raw material
was authenticated by Prof. Dzhamal Rakhmetov (Marc-
hyshyn et al. 2021a, b). A voucher specimen was deposited
in the herbarium at the Department of Pharmacognosy
and Medical Botany, TNMU, Ternopil, Ukraine (Slobodi-
aniuk et al. 2021a; Budniak et al. 2021a, d; Feshchenko et
al. 2021a). The study plant material was dried using the
conventional method and stored in paper bags in a dry
place (Stoiko and Kurylo 2018; Husak et al. 2018; Slobodi-
aniuk et al. 2021b).

Standards and chemicals

Standards of amino acids, including L-asparagine, L-glu-
tamic acid, L-alanine, L-leucine, L-serine, L-isoleuci-
ne, L-aspartic acid, L-valine, L-methionine, L-cysteine,
L-phenylalanine, L-threonine, L-glutamine, L-proline,
L-histidine, L-tryptophan, L-tyrosine, L-lysine, obtained
from Sigma (Sigma-Aldrich, St. Louis, MO, USA), were of
analytical grade (> 99 % purity) (Slobodianiuk et al. 2019;
Feshchenko et al. 2021b; Slobodianiuk et al. 2021f). All
other reagents were of the highest purity.

Sample Preparation, GC/MS determi-
nation of amino acids

The amino acids composition of Tagetes lucida is deter-
mined by GC/MS method on gas chromatograph Agilent
6890N with 5973 inert mass detector (Agilent Technolo-
gies, USA). Samples were analyzed on a capillary column
HP-5MS of 30 m in length and an internal diameter of
0.25 mm, a thickness of the stationary phase is 0.25 um
(Marchyshyn et al. 2021c). The evaporator temperature
was 250 °C, the interface temperature 280 °C. The first set
up oven temperature at 50 °C and held for 4 min, then
raised to 300 °C at the rate of 5 °C/min and kept at this
point for 5 min. Injections of 1 uL were made in the split
mode 1:50. The carrier gas flow rate through the column
was 1.0 mL/min.

The pre-column derivatization was conducted with a
help of automatic programmable regulations. The dry



Pharmacia 68(4): 859-867

861

samples of the plant were dissolved in 390 uL of 1 M sodi-
um hydroxide, then were added 333 pL of methanol and
67 uL of pyridine and mixed thoroughly for 5 seconds. To
the resulting mixtures was added 80 puL of methyl chloro-
formate stirred thoroughly for 60 seconds.

The amino acid derivatives were extracted with 400 pL
of chloroform followed by the addition of 400 uL of 50
mM sodium bicarbonate. The chloroform phase was used
for future analysis (Vancompernolle et al. 2016).

For the extraction of free amino acids the samples of
the raw material were ground into a powder by laboratory
mill, then about 0.1 g (accurately weighed) was selected
and placed into a vial with 2.0 mL of 0.1 N aqueous soluti-
on of hydrochloric acid. The extractions were carried out
in the ultrasonic water bath at 50 °C for 3 hours.

Extraction of bound amino acids was carried out by
adding 2 mL of 6 M an aqueous solution of hydrochloric
acid to 0.03 g (accurately weighed) of powdered raw ma-
terials. Hydrolysis was carried out for 24 hours in a ther-
mostat at 110 °C.

The resulting extracts were centrifuged at 3000 rpm
and the supernatants were evaporated to dryness on a ro-
tary evaporator washing three times with distilled water to
remove hydrochloric acid.

Amino acid identification was performed by compa-
ring the retention times of amino acid standards and the
presence of representative molecular and fragment ions
(Table 1). The content of bound amino acids was deter-
mined by subtracting the content of free amino acids from
their total content (Chen et al. 2010).

Validation of the method

The validation method and the analysis procedure of the
amino acid content were performed according to validati-
on guides for EURACHEM analytical methods.

Table 1. The chromatographic conditions for identification of
amino acids.

To evaluate the sensitivity and linearity of the signal in
relation to the concentration, 5 linear calibrations were ge-
nerated for each amino acid. Linearity was performed by
injecting a series of standard solutions (0.1-10.0 mg/100
g) with a threefold derivatization procedure and a single
injection for each reference standard.

The mass spectrometer operated in automatic scanning
mode (SCAN). Furthermore, the limit of detection (LOD)
and limit of quantification (LOQ) of each analyte were
determined as the concentration of a standard solution
with S/N = 3 (signal-to-noise ratio) and S/N = 10. In Table
2, the LODs were calculated by dividing three times the
standard error of the calibration line at the intercept by the
slope of the calibration line, and the LOQs were calculated
by dividing 10 times the standard error of the calibration
line at the intercept by the slope of the calibration line.
As tabulated in Table 2, for liquid standard injections, the
LODs and the LOQs were in the ranges of 0.04-0.1 pmol/L
and 0.1-0.5 pmol/L, respectively, depending on the amino
acid under consideration. The performance parameters of
the reference amino acid method, concentrations, limit of
detection (LOD), limit of quantification (LOQ), and cali-
bration curves were statistically calculated using Statistica
v 10.0 (StatSoft I nc.). All statistical tests were performed
at a confidence level of 95 %. The RSD which values re-
present the inter-day reproducibility of the raw materials
amino acid levels was in a range of 1.5% to 9.56%.

Results and discussion

The amino acid profiles of the herb, flowers and leaves of
Tagetes lucida were evaluated using the GC/MS method
(Figure 1-6, Table 3).

The GC/MS method were identified ten, five and four
free amino acids in the leaves, herb and flowers of Tag-

Table 2. Performance parameters of the amino acid determi-
nation method.

Name of amino t, min Molecular  Main fragmentary ions, m/z Aminoacid Correlation  Regression Limit of Limit of
acid ion, m/z coefficient curve detection quantification
Glycine 14.84 147 88 R’ LOD,  LOQ, pmol/ml
L-alanine 14.98 el 102, 88 Glycine 0991  y=59x+0.042 pnt;()(:;ml 03
b wemwane UL G R W o
P L-valine 0.991 y=6.9x+0.031 0.04 0.2
L-serine 2112 191 176, 144, 114, 100, 88 L-leucine 0994  y=53x+003 007 02
L-threonine 21.62 205 147, 115, 100, 88 L-serine 0.993 }’: 6.5x + 0.031 0.04 0.1
L-isoleucine 21.89 203 144, 115, 101, 88 L-threonine 0.995 y=8.5x+0.021 0.04 0.1
L-proline 21.98 187 128, 84 L-isoleucine 0.996 y=9.8x+0.08 0.04 0.1
L-asparticacid ~ 23.93 219 160, 128,118, 101 L-proline 0.993 y=127x+0.04 0.08 0.2
L-asparagine 24.02 262 146, 127,95 L-asparagine 0997 y=159x-009  0.05 0.1
L-glutamic acid ~ 26.87 233 201, 174, 142, 114 L-aspartic acid 099 y=5.03x-0.0176  0.04 03
L-methionine 2714 221 147,128,115 L-glutamic acid 0.996 y=9.6x-0.07 0.07 0.2
L-cysteine 2918 192 192, 176, 158, 146, 132 IL‘Z‘;::I‘I’:“ 00'99995 i - ‘;gi g'gi g'g: 3'2
L_phenyl?lanme 29.75 237 178, 162, 146, 131, 103, 91 L-phenylalanine 0.97 = 13x-0.02 o1 05
L-glutamine 3190276 141, 109, 82 L-glutamine 0993  y=7.5x+0021 004 0.1
L-lysine 35901 276 244,212, 142, 88 L-lysine 0997  y=51x+0023 005 0.1
L-histidine 37.82 285 254,226,210, 194, 140, 81 L-histidine 099  y=48x+0019 005 02
L-tyrosine 38.93 296 252,236, 220, 192, 165, 146, 121 L-tyrosin 0.996 y=8.6x+0.017 0.06 0.2
L-tryptophan 42.00 276 130 L-tryptophan 0.991 y=7.9x+0.021 0.04 0.1
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Figure 1. GC/MS chromatogram of free amino acids of Tagetes lucida herb.
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Figure 2. GC/MS chromatogram of bound amino acids of Tagetes lucida herb.
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Figure 5. GC/MS chromatogram of free amino acids of Tagetes lucida leaves.
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Table 3. The amino acid composition content of Tagetes lucida.

Name of Amino acids content of Tagetes lucida, mg/g
amino acid Herb Flowers Leaves
Free Bound Free Bound Free Bound

Glycine n/d 0.656+0.02 n/d 0.712+0.02 n/d 2.831+0.03
L-alanine n/d n/d n/d n/d n/d n/d
L-valine n/d 1.939+0.03 n/d 2.327+0.03 0.182+0.01 5.747+0.04
Nor-valine Internal standart

L-leucine n/d 2.998+0.04 n/d 4.576+0.04 n/d 9.565+0.07
L-serine n/d 1.494+0.02 n/d n/d 0.101+0.01 4.758+0.05
L-threonine n/d n/d 0.281+0.01 1.397+0.02 0.424+0.02 3.160+0.03
L-isoleucine 0.245+0.02 0.222+0.01 0.804+0.02 18.908+0.05 3.459+0.04 28.518+0.11
L-proline 6.436+0.04 18.817+0.07 1.909+0.02 20.999+0.06 2.721+0.03 18.973+0.07
L-asparagine n/d n/d n/d n/d 0.094+0.01 0.630+0.01
L-aspartic acid 0.825+0.03 2.572+0.02 1.321+0.03 20.303+0.07 0.720+0.01 3.788+0.04
L-glutamic acid n/d 0.952+0.01 n/d 0.994+0.02 n/d 2.087+0.03
L-methionine n/d n/d n/d n/d n/d n/d
L-cysteine n/d n/d n/d n/d 0.123+0.01 0.174+0.01
L-phenylalanine 0.1+0.03 1.481+0.02 n/d 2.128+0.03 1.516+0.02 11.843+0.07
L-glutamine n/d n/d n/d n/d n/d n/d
L-lysine 1.019+0.02 1.377+0.02 n/d 1.098+0.02 0.435+0.01 6.026+0.05
L-histidine n/d n/d n/d 1.27440.03 n/d n/d
L-tyrosin n/d 0.401+0.01 n/d 0.471+0.01 n/d 1.965+0.03
L-tryptophan n/d n/d n/d n/d n/d n/d

Note: n/d - not detected.

etes lucida, respectively (Figure 1, 3, 5). Free L-proline was
present in T. [ucida in the greatest amount (6.436 mg/g in
the herb, 1.909 mg/g in the flowers and 2.721 mg/g in the
leaves). Proline accumulation is a common physiological
response to salinity and osmotic stress in many plants
species (Ashraf and Foolad 2007). Proline contributes to
stabilizing sub-cellular structures (e.g., membranes and
proteins), scavenging free radicals and buffering cellular
redox potential under stress conditions (Serraj and Sin-
clair 2002; Hayat et al. 2012). It may also act as protein
compatible hydrotrope, alleviating cytoplasmic acidosis
and maintaining appropriate NADP+/NADPH ratios
compatible with metabolism (Hare and Cress 1997). Also,
among the free amino acids, L-isoleucine was presented in
Tagetes lucida in leaves the greatest amount its content was
3.459 mg/g. L-isoleucine is of great interest as a nutritional
and dietary supplement, as well as for enteral and paren-
teral protein nutrition. It affects the replenishment of the
deficit of proteins, carbohydrates, amino acids, has an an-
titoxic effect (Sanchez and Demain 2014; Slobodianiuk et
al. 2021c¢). Another free amino acid with a high content in
herb and flowers of the raw material was L-aspartic acid,
its content was 0.825 mg/g and 1.321 mg/g, respectively.
L-aspartic acid is an endogenous four-carbon amino acid
present in nervous tissues, endocrine glands, and used not
only as a stand-alone food additive but also as a raw mate-
rial for the pharmaceutical and food industries (Slobodia-
niuk et al. 2021d; Choi et al. 2015).

Among the content of bound amino acids the predomi-
nant component was L-proline in the herb (18.817 mg/g),
flowers (20.999 mg/g) and leaves (18.973 mg/g) of the raw
material. During chromatographic analysis it was found
that flowers and leaves contain the largest amount of bound
amino acid L-isoleucine — 18.908 mg/g and 28.518 mg/g,

respectively. It was investigated that chronic isoleucine
supplementation prevents diet-induced weight gain. Acu-
te-isoleucine administration improves glucose tolerance
and reduces postprandial glucose levels in humans (O’Riel-
ly et al. 2020). In addition, high content of L-phenylalanine
in bound form was found in the leaves of Tagetes lucida, its
content was 11.843 mg/g. Phenylalanine, an amino acid, is
a “building block” of protein. Phenylalanine is a compo-
nent of food sources and also derived through supplemen-
tation. In current treatment, phenylalanine is prescribed
as anti-depressant agent (Akram et al. 2020). This acid is
also used in the treatment of depression, migraine, painful
menstruation, and Parkinson’s disease (Onuegbu et al.).

The number of other amino acids was fewer. Nevert-
heless, L-asparagine and L-cysteine were detected only in
Tagetes lucida leaves. L-cysteine is used as a supplement
for various purposes, for example, to promote skin and
hair health, to boost the immune system, and to combat
inflammatory related problems and osteoporosis. L-cys-
teine induces the synthesis of GHS, which is a powerful
natural antioxidant (Lubna et al. 2018). L-alanine, L-me-
thionine, L-glutamine, and L-tryptophan were not detec-
ted in Tagetes lucida. The obtained results might be used
in the standardization and quality assurance of new reme-
dies containing Tagetes lucida.

Conclusion

The amino acids qualitative composition and quantita-
tive content of Tagetes lucida were determined by GC/
MS method. The results suggested that T. lucida con-
tent significant amounts of free and bound amino acids.
High concentrations of the free and bound amino acids
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such as L-proline and L-isoleucine predominate in all the
analyzed samples. Another free amino acid with a high
content in herb and flowers of the raw material was L-as-
partic acid. In addition, high content of L-phenylalanine
in bound form was found in the leaves of T. lucida. This
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