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Abstract

Medical plants and their combinations due to the wide range of biologically active substances can influence on various links of the
pathogenetic mechanism of development of diabetes mellitus and its complications. One of such combinations is an anidiabetic
herbal mixture (Urtica dioica L. leaf, Rosa majalis L. fruits, Vaccinium myrtillus L. leaf, Mentha piperita L. herb and Taraxacum
officinale L. roots) with established hypoglycemic, hypolipidemic, antioxidant, hepatoprotective, pancreatoprotective activity
in previous pharmacological study in vivo. Thus, the aim of this study was to identify and establish the fatty acid content in the
plant components of antidiabetic herbal mixture. Fatty acids were separated by validated method of of gas chromatography-mass
spectrometry after conversion into methyl esters. The result showed that Urtica dioica L. leaf and Vaccinium myrtillus L. leaf contain
12 fatty acids (8 saturated, 2 monounsaturated and 2 polyunsaturated), Rosa majalis L. fruits and Taraxacum officinale L. roots - 13
fatty acids (9 saturated, 2 monounsaturated and 2 polyunsaturated) and Mentha piperita L. herb - 14 fatty acids (10 saturated, 2
monounsaturated and 2 polyunsaturated). The predominant long-chain carboxylic acids in all plant raw materials were unsaturated
fatty acids, their content was 55.3% in Urtica dioica L. leaf, 64.7% in Rosa majalis L. fruits, 60.5% in Vaccinium myrtillus L. leaf, 64.3%
in Mentha piperita L. herb and 51.7% in Taraxacum officinale L. roots. This indicates the feasibility of including each component in
the antidiabetic herbal mixture in order to form anticholesterolemic, anti-inflammatory, immunomodulatory and neuroprotective
activity, due to the high content of omega-3, omega-6 and omega-9 fatty acids.

Keywords

diabetes mellitus, herbal mixture, GC-MS, fatty acids, Urtica dioica L. leaf, Rosa majalis L. fruits, Vaccinium myrtillus L. leaf, Mentha
piperita L. herb and Taraxacum officinale L. roots

Introduction , . o _
American Diabetes Association 2021). According to the

official information of International Diabetes Federation

Diabetes mellitus is one of WHO’s priorities matters, which
requires immediate solutions, as the epidemiological situ-
ation is alarming - the number of patients is growing each
year, leading to increased disability and mortality due to the
development of diabetic angiopathies (Harding et al. 2019;

(2019) the number of diabetics will increase to 700 million
by 2045. Therefore, the implementation of pharmacothera-
py optimization, the search and study of new drugs for the
prevention and treatment of this disease and its dangerous
complications is a topical issue of pharmacy and medicine.
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Modern pharmacotherapy increasingly takes into
account the centuries-old experience of folk medicine
with the use of phytopreparations as monotherapy and
in combination with synthetic drugs. This is quite justi-
fied, because phytotherapy has a number of advantages
over traditional therapy with synthetic drugs, namely, it
is low-toxic, has a mild pharmacological effect and can
be used for a long period of time without significant side
effects and combines well with synthetic drugs (Gothai et
al. 2016; Governa et al. 2018). In addition, herbal med-
icines, as a rule, have a wide range of pharmacological
properties, which is realized through different groups of
phytochemicals (Oh and Jun 2014; Kooti et al. 2016; Mar-
chyshyn et al. 2020). Combinations of different medicinal
plants deserve special attention as such herbal mixtures
will have more biologically active substances that will af-
fect all parts of the pathogenetic mechanism of diabetes
mellitus and its complications (Savych et al. 2020a, b, ¢, d,
e f,2021a,b, ¢, d, e).

One of such combinations is an anidiabetic herbal mix-
ture (Urtica dioica L. leaf, Rosa majalis L. fruits, Vaccinium
myrtillus L. leaf, Mentha piperita L. herb and Taraxacum
officinale L. roots) with established hypoglycemic, hy-
polipidemic, antioxidant, hepatoprotective, pancreatopro-
tective activity in pharmacological study in vivo (Savych et
al. 2020b, ¢, d, e, f, 2021e) and the defined phytochemical
composition that determines such pharmacodynamics
(Savych et al. 2020a, 2021a, b, ¢, d).

Biologically active substances of plant origin have a
wide range of pharmacological action and a variety of
mechanisms of influencing on the development of di-
abetes and its complication (Oh and Jun 2014; Kooti et
al. 2016; Skyler et al. 2017). One of the most influential
phytochemicals are fatty acids, because they have the abil-
ity to regulate the lipid metabolism, a disorder of which
occurs in diabetes and leads to the development of car-
diovascular diseases and microcirculatory complications
- diabetic nephropathy, neuropathy and retinopathy, the
formation of diabetic foot. Carboxylic acids with a long
aliphatic chain have the ability to prevent the oxidation
of cell membrane lipids, contribute to the reduction of
blood cholesterol, normalize lipid and protein metabo-
lism, increase the liver’s detoxification function, stimulate
immune-protective function, increase the elasticity and
reduce the permeability of the walls of blood vessels, im-
prove microcirculation (Sears and Perry 2015; Rogero and
Calder 2018). Especially important for the human body
is linoleic acid, which is part of the omega-6 fatty acids,
and linolenic acid - of omega-3 fatty acids, which nor-
malize the function of subcellular and cellular membranes
(Brown et al. 2019).

Aim of the research

The aim of this study was to identify and to establish the
fatty acid content in Urtica dioica L. leaf, Rosa majalis L.
fruits, Vaccinium myrtillus L. leaf, Mentha piperita L. herb
and Taraxacum officinale L. roots as the plant components
of antidiabetic herbal mixture.

Materials and methods
(experimental part)

It was used the herbal raw materials of Urtica dioica L.
leaf, Rosa majalis L. fruits, Vaccinium myrtillus L. leaf,
Mentha piperita L. herb and Taraxacum officinale L. roots
harvested from June to October 2020 in Ternopil region
and Charpathians (Vaccinium myrtillus L. leaf) (Ukraine)
during the study. The raw materials were then dried, crus-
hed and stored according to the general GACP require-
ments (WHO 2003). Plant was identified by Department
of Pharmacognosy with Medical Botany, Ivan Horbache-
vsky Ternopil National Medical University, Ternopil, Uk-
raine. Sample of herbal raw materials has been deposited
in Departmental Herbarium for future record.

All herbal raw materials used in the study were the
components of antidiabetic herbal mixture with es-
tablished hypoglycemic, hypolipidemic, antioxidant,
hepatoprotective, pancreatoprotective activity in phar-
macological study in vivo (Savych et al. 2020b, ¢, d, e, f,
2021e) and the defined phytochemical composition that
determines such pharmacodynamics (Savych et al. 2020a,
2021a, b, ¢, d).

Chemicals and standards

All applied reagents were of analytical grade (= 99% pu-
rity). Standard carboxylic acids were purchased from Sig-
ma-Aldrich Chemical Co. (St. Louis, MO, USA). Water
used in the studies was produced by MilliQ Gradient wa-
ter deionizaton system (Millipore, Bedford, MA, USA).
Methanol, toluene, sulfuric acid and heptane were pur-
chased from Sigma-Aldrich Chemical Co. (St. Louis,
MO, USA).

Chromatographic condition

Fatty acid composition of herbal raw materials was stu-
died by gas chromatography-mass spectrometry (GC-
MS). Chromatographic separation was performed
on a gas chromato-mass spectrometric system model
6890N/5973inert (Agilent Technologies, USA) using a ca-
pillary column HP-5 ms (30 m x 0.25 mm x 0.25 mkm,
Agilent Technologies, USA). Evaporator temperature was
250 °C, the interface temperature — 280 °C. Separation
was performed in the mode of temperature programming
from 60 to 320 °C at a speed of 7 deg/min. Samples of 1 pL
were administered in a 1:50 flow divider mode. Detection
was held in the SCAN mode in the range of (38-400 m/z).
Carrier gas flow rate through a column was 1.0 mL/min
(Ecker et al. 2012).

Sample preparation with pre-column
derivatization

Samples of herbal raw materials were grinded into a pow-
der by laboratory mill and about 0.5 g (accurately mass)
were selected and placed into a glass vial. Then 3.3 mL of
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Figure 1. GC-MS chromatogram of fatty acids in Urtica dioica L. leaf.

reacting mixture (methanol: toluene: sulfuric acid (44:20:2
v/v)) with 1.7 mL of internal standard solution (undeca-
noic acid in heptane solution) was added. The obtained
samples were standed at 80 °C for 2 hours, refrigerated
and centrifuged for 10 minutes at 5000 rpm. It was taken
0.5 mL of the upper heptane phase, which containing me-
thyl esters of fatty acids (Ecker et al. 2012).

Identification and calculation

Identification of methyl esters of fatty acids was perfor-
med by comparing of retention time (t,) of the mixture of
standard and using the NIST 05 and WILEY 2007 mass
spectrum library in combination with programs for iden-
tification of AMDIS.

Quantitative content (X, mg/kg) was determined by the
method of internal standards according to the formula:

Y Sx xmlx1000
Slxm

where S1 —peak area of the studied substance;

m1 — mass of the internal standard injected into the sam-
ple, mg;

Sx - peak area of the standard;

m - sample of raw materials, mg.

Method validation

The method was validated for linearity, limit of detec-
tion (LOD), limit of quantitation (LOQ) and precision.
Linearity was performed by injecting a series of standard
solutions of fatty acids methyl esters (0.1-10.0 mg/100
g) with a threefold derivatization procedure and a single

injection for each reference standard. The mean value
and standard deviation, as well as regression analysis
were calculated using Microsoft Excel software package
2016 (USA). The values for LOD and LOQ were calcu-
lated based on the data obtained during linearity testing
in the low concentration range of the working in the test
solution, using the following formulas: LOD = 3.3 * s /
Slope; LOQ = 10 * s / Slope. Linearity testing was repe-
ated with the same samples after a complete restart of
the system with removement and re-installation of the
column. Repeatability precision was determined by fi-
ve-fold injection of the same sample in a row. For the
resulting relative peak area of the quantifier ions the re-
lative standard deviation (RSD) was calculated. To de-
termine intra-day precision, five standard preparations
of each reference standard of fatty acids methyl esters
with the same concentration were single injected and the
resulting relative peak areas were used to calculate the
RSD. Inter-day precision for the day of sample preparati-
on and the two following days was specified by injecting
five standard sample of each reference standard prepara-
tions once each on all three days. The RSD of the samples
on that day together with the previous samples were cal-
culated as above (Ecker et al. 2012).

Results and discussion

According to the results of the GC-MS analysis, it was
identified 12 fatty acids, in particular 8 saturated, 2 mo-
nounsaturated and 2 polyunsaturated in Urtica dioica L.
leaf (Fig. 1) and in Vaccinium myrtillus L. leaf (Fig. 3).
As can be seen on the chromatograms in Rosa majalis L.
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Figure 2. GC-MS chromatogram of fatty acids in Rosa majalis L. fruits.
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Figure 3. GC-MS chromatogram of fatty acids in Vaccinium myrtillus L. leaf.

fruits (Fig. 2) and in Taraxacum officinale L. roots (Fig.
5) 13 fatty acids (9 saturated, 2 monounsaturated and 2
polyunsaturated) were identified. As for Mentha piperita
L. herb, it was found 14 fatty acids, namely 10 saturated, 2

monounsaturated and 2 polyunsaturated (Fig. 4).

00

29;@){60
26!00 28‘00 30'00 32,00

The results of the quantitative study showed that the
predominant saturated fatty acid component in all test
samples was palmitic acid. It was mostly found in Rosa
majalis L. fruits (4.73+0.05 mg/g) and in Urtica dioica L.

leaf (4.48+0.07 mg/g). In all samples of plant raw materials
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Figure 4. GC-MS chromatogram of fatty acids in Mentha piperita L. herb.
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Figure 5. GC-MS chromatogram of fatty acids in Taraxacum officinale L. roots.

were found two monounsaturated fatty acids — predom-
inant oleic and palmitoleic. Oleic acid, which is part of
omega-9, was found in the largest amount in Vaccinium
myrtillus L. leaf (0.81+0.02 mg/g), in Rosa majalis L. fruits
(0.69+0.02 mg/g) and in Taraxacum officinale L. roots

(0.61£0.02 mg/g). As for polyunsaturated fatty acids, two
of them - linoleic and linolenic, were also identified in
all five plant components of the antidiabetic herbal mix-
ture. Linoleic acid, which is part of omega-6, was present
in fairly large quantities in the studied objects, but in the
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Table 1. The results of the GC-MS analysis of fatty acids content in the plant components of antidiabetic herbal mixture.

No. t, Common name of fatty acid Chemical Quantitative content of fatty acids methyl esters, mg/g
nomen-clature Urtica dioica Rosa majalis ~ Vaccinium myrtillus ~ Mentha piperita L. Taraxacum officinale

L. leaf L. fruits L. leaf herb L. roots

Saturated acids

1. 2.66 Capric (decanoic) C 10:0 - 0.06+0.01

2. 374 Undecylic (undecanoic) C11:0 Internal standart

3. 5.42 Lauric (dodecanoic) C12:0 - - 0.21+0.01 0.08+0.01

4. 9.78 Myristic (tetradecanoic) C 14:0 0.11+0.01 0.21+0.01 - 0.08+0.01 0.31+0.02

5. 14.04 Pentadecylic (pentadecanoic) C15:0 0.07+0.01 0.07+0.01 0.12+0.01 0.08+0.01 0.16+0.01

6. 14.57 Palmitic (hexadecanoic) C16:0 4.48+0.07 4.73+0.05 2.34+0.04 2.71+0.03 3.84+0.07

7. 16.03 Margaric (heptadecanoic) C17:0 0.26+0.01 0.16+0.02 - - 0.29+0.02

8. 19.15 Stearic (octadecanoic) C18:0 0.76+0.02 0.52+0.02 0.28+0.01 0.25+0.01 0.85+0.03

9. 2342 Arachidic (eicosanoic) C20:0 0.18+0.01 0.13+0.01 0.27+0.01 0.12+0.01 0.31+£0.01

10. 27.38 Behenic (docosanoic) C22:0 0.31+0.01 0.10+0.01 0.54+0.03 0.18+0.02 0.37+0.02

11. 29.03 Tricosylic (tricosanoic) C23:0 - - 0.22+0.01 - -

12. 31.06 Lignoceric (tetracosanoic) C24:0 0.57+0.01 0.39+0.02 0.51+0.04 0.28+0.02 0.65+0.03

13. 32.38 Pentacosylic (pentacosanoic) C25:0 - - 0.19+0.01

14. 3341 Cerotic (hexacosanoic) C26:0 0.08+0.01 0.11+0.01

Monounsaturated acids

15. 18.67 Oleic (octadecenoic, w-9) C18:1 0.36+0.01 0.69+0.02 0.81+0.02 0.48+0.01 0.61+0.02

16. 14.04 Palmitoleic acid (hexadecenoic, w-7) C16:1 0.10+0.01 0.39+0.03 0.57+0.02 0.29+0.01 0.29+0.01

Polyunsaturated acids

17. 18.41 Linoleic (octadecadienic, w-6) C18:2 5.22+0.06 3.67+0.06 3.39+0.05 3.73+0.05 2.96+0.04

18. 18.56 Linolenic (octadecatrienic, w-3) C18:3 2.67+0.04 7.07+£0.08 1.91+0.04 2.98+0.02 3.49+0.04

The amount of saturated fatty acids 6.74 6.39 4.39 4.16 6.86

The amount of unsaturated fatty acids 8.35 11.72 6.68 7.48 7.35

Total 15.09 18.11 11.07 11.64 14.21

Note: Values are expressed as mean + SD (n = 5).

largest — in Urtica dioica L. leaf (5.22+0.06 mg/g). As for
another polyunsaturated acid, namely linolenic, which
belongs to the class of omega-3, its highest content was
found in Rosa majalis L. fruits (7.07+0.08 mg/g) (Table 1).

According to the chromatographic study, it was deter-
mined that the total content of fatty acids in Urtica dioi-
ca L. leaf was 15.09 mg/g, in Rosa majalis L. fruits was
18.11 mg/g, in Vaccinium myrtillus L. leaf was 11.07 mg/g,
in Mentha piperita L. herb was 11.64 mg/g and in Taraxa-
cum officinale L. roots was 14.21 mg/g. The predominant
fatty acids in all plant raw materials were unsaturated fatty
acids and their content was 55.3% in Urtica dioica L. leaf,
64.7% in Rosa majalis L. fruits, 60.5% in Vaccinium myr-
tillus L. leaf, 64.3% in Mentha piperita L. herb and 51.7%
in Taraxacum officinale L. roots (Table 1).

The results show that all plant components, such as
Urtica dioica L. leaf, Rosa majalis L. fruits, Vaccinium
myrtillus L. leaf, Mentha piperita L. herb and Taraxacum
officinale L. roots, of the antidiabetic herbal mixture have
a high content of unsaturated fatty acids, which provide
a number of pharmacological properties of this phyto-
mixture. Unsaturated fatty acids belonging to the class of
omega-3, omega-6 and omega-9 play have an important
role in the human body, namely, provide cell membrane
function, exhibit anticholesterolemic activity, converting
cholesterol into cholic acids and removing them from the
body, take involved in fat metabolism (Sears and Perry
2015; Brown et al. 2019). In addition, they have anti-in-
flammatory effects, as they are involved in the synthesis
of prostaglandins, as well as show immunomodulatory
activity, improve blood circulation and nervous system
function. All these properties of fatty acids are important
for the treatment of patients with diabetes and prevention

of complications in the form of diabetic micro- and mac-
roangiopathies (Li et al. 2018; Rogero and Calder 2018).

This phytochemical study is a confirmation of the fat-
ty acid composition of the antidiabetic herbal mixture
(Urtica dioica L. leaf, Rosa majalis L. fruits, Vaccinium
myrtillus L. leaf, Mentha piperita L. herb and Taraxacum
officinale L. roots) as a whole, which was studied in pre-
vious research (Savych et al. 2020a-£?) and shows due to
which plant components it is formed. This indicates the
feasibility of including each component in the antidiabetic
mixture in order to form anticholesterolemic, anti-inflam-
matory, immunomodulatory and neuroprotective activity,
which is necessary for the complex therapy of diabetes.

The analytical procedure has been validated to confirm
its reliability. All the peaks of reference standards showed
good linearity (R2 > 0.995) in a wide concentration range
(0.1-10.0 mg/100 g). The results showed that the LODs
and the LOQs of methyl esters of fatty acids were in the
range of 0.01-0.07 mg/100 g and 0.03-0.22 mg/100 g, re-
spectively, indicating that the sensitivity of the method
was satisfactory. The repeatability of the subsequent deri-
vatization and GC-measurement of five standard samples
of each reference standard with the same concentration
resulted in precision values for the derivatization proce-
dure. For intra- and inter-day precision, the RSD was in a
range of 1.57% to 6.26%, which is acceptable.

Conclusion

We identified and established the quantity content of fatty
acid composition of Urtica dioica L. leaf, Rosa majalis L.
fruits, Vaccinium myrtillus L. leaf, Mentha piperita L. herb
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and Taraxacum officinale L. roots, which are plant compo-
nents of antidiabetic herbal mixture with hypoglycemic,
hypolipidemic, antioxidant, hepatoprotective, pancreato-
protective activity and defined phytochemical composition
by GC-MS method. The total content of fatty acids in Urtica
dioica L. leaf was 15.09 mg/g, in Rosa majalis L. fruits was
18.11 mg/g, in Vaccinium myrtillus L. leaf was 11.07 mg/g, in
Mentha piperita L. herb was 11.64 mg/g and in Taraxacum
officinale L. roots was 14.21 mg/g. The predominant long-
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