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Comparative study among glycosides extracted from some species belongs
to Brassiceae tribe (Brassicaceae) and measuring their ratios,
concentrations and convergence ratio growing in Northern of Iraq
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Abstract :

The highest concentration of the glycoside Coumarin was found in the species Rham-
phospermum arvense, reaching (114.47) micrograms/ml, while the lowest concentration of
the glycoside Isorhamnetin was found in the species Rapistrum rugosum L, reaching (49.03)
micrograms/ml. The highest percentage of the glycoside Coumarin was found in the species
Rhamphospermum arvense L, reaching (21.69%), while the lowest percentage of the glycoside
Glucotropaeolin was found in the species Erysimum repandum L, reaching (8.87%). It was
found that the similarity percentage ranged between (0.25819 - 0.91287), and the shortest dis-
tance between the two species Erysimum repandum L. and Rhamphospermum arvense L. was
(0.25819), while the farthest distance was recorded between the two species Isatis tinctoria L.
And Sisymbrium orientale L., which reached (0.91287), the most closely related species were
Isatis tinctoria L. and Sisymbrium orientale L., which reached 0.26, while the most divergent
species were Hirschfeldia incana L. and Rhamphospermum arvense L., which reached 0.68.
This chemical study of the glycosidic compounds, their ratios and concentrations, revealed the
similarity between plant species of the mustard family.

Keywords: Chemical study, glycosides, Brassiceae tribe, Brassicaceae.
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Introduction

The Brassicaceae family (formerly
Cruciferae) known as the mustard fam-
ily or the Cabbage family is one of the
large and widely spread plant families
in the world. Its previous name is due to
the Cruciform shape resulting from the
presence of four petals and four sepals
in its flowers. Among the important and
prominent diagnostic characteristics of
the family are the number of stamens
and their length. The pistil contains
one ovary divided by a false septum.
Its fruits are narrow silicle or round si-
lique and contain seeds in two cham-
bers, due to the presence of the false
septum. They are surrounded on each
side by a valve from the fruit valves. Its
leaves are simple, alternate, and often
have simple, unbranched or branched
forked hairs and single-celled stellate
hairs. (Glimn-Lacy and Kaufan, 2006),
Some of its plants are distinguished
by their great economic importance,
as they are widely used as vegetables,
such as garden cress Lepidium L., tur-
nip Brassica rapa L., radish Raphanus
L., and cabbage Brassica oleraceae L.
Some of them are used as ornamental
plants, such as silver rose Lobularia L.,

Erysimum L., and Matthiola L. Oils are
extracted from their seeds, and some of
their species have medical importance,
such as black mustard Brassica nigra
L. (Al-Moussawi, 1987). As for Iraq,
the mustard family is represented by
about 80 genera, Al-Moussawi (1987)
and more than 100 species, Al-Kateb
(2000), of which 75 are wild species.
As for the number of genera and spe-
cies belonging to the mustard family,
researchers Kock and Mummenhoff
(2006) indicated that the family in-
cludes 338 genera and 3700 species
in the world, through a review of Var-
1ous scientific sources and periodicals
show the lack of chemical and Chemi-
cal studies on the genera of the Brassi-
caceae family in Iraq. There are many
studies on the family in the world, but
that few in Iraq, including the study of
Al-Naftaji (2000) on pollen grains and
seeds of three families, including the
Cruciferae family, and the study of Al-
abide (2012) on certain species of the
Brassiceae clan genera. Therefore, the
current study aimed to:

Conducting a chemical study us-
ing HPLC technology to determine
the concentrations and percentages of
chemicals.
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Material and Methods

Chemical Study

HPLC:

High-Performance Liquid Chroma-
tography (HPLC) is a core technique in
analytical chemistry. Routine HPLC is
often used for analysis in laboratories
that perform pharmaceutical drug de-
velopment, quality control, and quality
assurance, as well as food and environ-
mental testing.

Uv detector: An ultraviolet detec-
tor is a type of non-destructive chro-
matography detector which measures
the amount of ultraviolet or visible
light absorbed by components of the
mixture being eluted off the chroma-
tography column. They are often used
as detectors for high-performance lig-
uid chromatography.

Glycosides extraction method

Glycosides were isolated from the
leaves that were dried at room tem-
perature in the form of powder and
stored 1n the refrigerator at 20 degrees
below zero, and (1) gram of dried pow-
der of the species under study was tak-
en and extracted using 50 ml of hex-
ane, which removes fats, oils, waxes,
etc. The extract was evaporated to ob-
tain 1 ml containing a mixture of crude

glycosides. The active components of
the genera belonging to the Brassica-
ceae family were separated by using a
reversed phase and using a C-18 sep-
aration column (with a radius of 50 X
2.1 micrometers) with a particle size
of 3 micrometers and a mobile phase
consisting of 5% acetic acid in distilled
water and an equal proportion of Ace-
tonitrile and using a linear gradient
from 0-100% in 7 minutes and a UV
detector at a wavelength of 254 nm and
a flow rate of 0.7 ml/min and a tem-
perature of 30 °C. Many glycosides
have been isolated using liquid phase
This
equipment separates glycosides found

chromatographic  equipment.
in plants belonging to the Brassicaceae
family.

Separation condition

Glycosides were separated from the
mixture by reversed phase using a C-18
column (50 x 2.1 mm radius) and 3 um
particle size, while the mobile phase
consisted of 5% acetic acid in distilled
water and the standard concentration
was 50 mg/ml. The following glyco-
sides were isolated: Sinigrin, Gluco-
brassicin, Glucoraphanin, Glucotro-
Glucosamine,

paeolin, Gluconapin,

Coumarin, Isorhamnetin. The separa-
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tion peak was printed by UV detector at
a wavelength of 254 nm and the quanti-
tative analysis was done by comparing
the areas of the samples with the areas
of the standard concentration under the
same separation conditions. The con-
centration of glycosidic compounds in
the species under study was measured
using the following equation: com-

pound concentration ml/mg = area of
compound bands in the sample / area
of compound bands in the standard x
standard concentration x number of di-
lutions. The percentage was measured
using the following equation: percent-
age of compound = partial concentra-
tion / total concentration x 100 (Wol-
lenweber, 2002).

Table 1: Standard analysis of glycosides, retention time, area and concentration.

NO: Compounds Retention time (Sec) Area Concentration pg/ml
1 Sinigrin 6314 6314 12.20
2 Glucobrassicin 4060 4060 10.17
3 Glucoraphanin 6984 6984 13.38
4 Glucotropaeolin 5688 5688 10.28
5 Gluconapin 8795 8795 16.70
6 Glucosamine 6953 6953 13.43
7 Coumarin 4060 4060 10.17
8 Isorhamnetin 6553 6553 12.70
Total 70.64 50.831 1007
START
Figure 1: Glycosidesin
compounds of the species
j i_jg Zilrtllicg(:‘ti)r;assicin under study and retention
% time in standard analysis.
— 6.55 Glucoraphanin
RT i 7.48 Glucotropaeolin
9.52 Gluconapin
% 11.34 Glucosamine
13.78 Coumarin
> 15.33 Isorhamnetin
Ar
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Results & Discussion

Glycosides study

The results of the current study
showed a clear variation in the quali-
ty of glycosidic compounds, their con-
centrations and percentages identified
using HPLC technology. Some glyco-
sidic compounds were identified in the
leaves of species belonging to the Bras-
siceae clan. The glycosidic compounds
are: Sinigrin: Glucobrassicin: Glucora-
phanin: Glucotropaeolin: Gluconapin:
Glucosamine: Coumarin: I[sorhamne-
tin: The current study showed in gener-
al that the highest concentration of the
glycoside Coumarin was in the species
Rhamphospermum arvense L, reach-
ing (114.47) micrograms/ml, while the
lowest concentration of the glycoside
Isorhamnetin was in the species Rap-
istrum rugosum L, reaching (49.03)
micrograms/ml. The highest percent-
age of the glycoside Coumarin was in
the species Rhamphospermum arvense
L, reaching (21.69%) while the lowest
percentage of glycoside Glucotropaeo-
lin was in the species Erysimum repan-
dum L, reaching (8.87%) as in Table (2).
The study of the chemical content of the
species under study also showed that
the highest concentration of glycoside
Sinigrin was in the species Sisymbrium

irio L, reaching (92.16) micrograms/
ml, while the lowest concentration was
in the species Hirschfeldia incana L,
reaching (51.59) micrograms/ml. The
highest percentage was in the species
Sisymbrium irio L, reaching (17.85%),
while the lowest percentage was in the
species Hirschfeldia incana L, reach-
ing (9.13%) as in Table (2). As for the
glycoside Glucobrassicin, the high-
est concentration was in the species
Aethionema cordifolium L, reaching
(108.33) micrograms/milliliter, while
the lowest concentration was in the
species Neslia paniculata L, reach-
ing (69.51) micrograms/milliliter. The
highest percentage was in the Aethio-
nema cordifolium L species, reaching
(20.22%), while the lowest percentage
was in the species Neslia paniculata
L, reaching (12.74%), as in Table (2).
As for the glycoside Glucoraphanin,
it was in the species Rhamphosper-
mum arvense L, reaching (87.55) mi-
crograms/milliliter, while the lowest
concentration was in the species Aethi-
onema cordifolium L, reaching (49.23)
micrograms/milliliter. The highest per-
centage was in the species Rhamphos-
permum arvense, reaching (16.59%),
while the lowest percentage was in
the species Aethionema cordifolium L,
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reaching (9.19%), as in Table (2). As
for the glycoside Glucotropaeolin, its
highest concentration was in the Isatis
tinctoria L species, reaching (77.08)
micrograms/milliliter, while the low-
est concentration was in the Erysimum
repandum L species, reaching (06.49)
micrograms/milliliter. The highest per-
centage was in the Isatis tinctoria L
species, reaching (14.42%), while the
lowest percentage was in the Erysimum
repandum L species, reaching (8.87%),
as in Table (2). As for the glycoside
Gluconapin, it was noted that its high-
est concentration was in the species
Erucaria microcarpa Boiss, reaching
(93.32) micrograms/milliliter, while
the lowest concentration was in the
species Sisymbrium orientale L, reach-
ing (50.60) micrograms/milliliter. The
highest percentage was in the species
Erucaria microcarpa Boiss, reaching
(17.85%), while the lowest percentage
was in the species Sisymbrium orientale
L, reaching (9.45%), as in Table (2). As
for the glycoside Glucosamine, it was
noted that its highest concentration was
in the species Sisymbrium orientale L,
reaching (76.68) micrograms/millili-
ter, while the lowest concentration was
in the species Aethionema cordifolium
L, reaching (49.44) micrograms/milli-

liter. The highest percentage was in the
species Sisymbrium irio L, reaching
(14.66%), while the lowest percentage
was in the species Aethionema cordifo-
lium L, reaching (9.23%), as in Table
(2). As for the glycoside Coumarin, it
was noted that its highest concentration
was in the species Rhamphospermum
arvense L, reaching (114.47) micro-
grams/milliliter, while the lowest con-
centration was in Aethionema cordifo-
lium L, reaching (64.00) micrograms/
milliliter. The highest percentage was
in the species Rhamphospermum ar-
vense L, reaching (21.69%), while the
lowest percentage was in the species
Aethionema cordifolium L, reaching
(11.95%), as in Table (2). As for the
glycoside Isorhamnetin, it was not-
ed that its highest concentration was
in the species Erucaria microcarpa
Boiss, reaching (73.25) micrograms/
ml, while the lowest concentration
was in Rapistrum rugosum L, reaching
(49.03) micrograms/ml. The highest
percentage was in the species Erucaria
microcarpa Boiss, reaching (14.01%),
while the lowest percentage was in the
species Rapistrum rugosum L, reach-
ing (9.10%), as in Table (2).
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Table 2: Glycosidic compounds in the studied species, concentrations and percentages.

c . Glucobras- | Glucoraph- | Glucotro- . Glucos- . Isorhamne- | T

ompounds sinigrin . . . . Gluconapin . Coumarin 2 :

SIC1Nn anin —UM—GO—:- amine tin con

T.

species con | per | con | per | con | per | con | per | con | per | con | per | con | per | con | per | ...

: 428.4
Aethionema | (3 ¢ 1179 | 1083|2022 | 4923 | 9.19 | 67.14 | 12.53 | 64.84 | 12.1 | 4944 | 923 | 64 | 11.95 | 69.38 | 12.95

cordifolium L. 99.97

i 418.8
Capsella bur- | - 16| 1206 | 8328 | 15.9 | 68.39 | 13.06 | 49.06 | 937 | 7433 | 14.19 | 59.29 | 1132 | 76.9 | 14.69 | 49.03 | 9.36

sa-postoris L. 99.96

S 418.2
Erucariamicro- | o4 1¢ | 1508|8328 | 15.92 | 7202 | 13.81 | - - 19332 117.85|63.16 | 12.08 | 74.39 | 1422 | 73.25 | 14.01

carpa Boiss 99.97

: 553.0
Erysimum 1 ) 51| 11241 70.97 | 12.83 | 62.64 | 1132 | 49.06 | 8.87 | 68.64 | 12.41 | 60.26 | 10.89 | 107 | 19.34 | 72.28 | 13.07

repandum L. 99.97

. . 564.8
Hirschfeldia | ¢\ <o | 913 | 110.8 | 19.62 | 55.94| 9.9 |51.77| 9.16 | 69.59 | 12.32 | 64.12 | 11.35 | 94.43 | 16.72 | 66.47 | 11.76

incana L. 99.96

is tinctori 534.3

@&am:&%ﬁ 51.59 | 9.65 | 69.51 | 13.01 | 7222|1351 77.08 | 1442|6199 | 116 | 53.5 | 10.01 |94.49 | 17.68 | 53.87 | 10.08 "o

S 545.5

2&5%@@5 61.25 | 11.22 | 69.51 | 1274 | 81.8 | 1499 | 67.05 1229 60.09 11.01 | 535 | 9.8 | 90.67 | 16.62 | 61.61 | 1129 | o

; 538.4
Rapistrum | ) ¢4 | 1352 | 95.81 | 17.79 | 58.81 | 10.92 | 572 | 10.62 | 74.33 | 13.8 | 53.5 | 9.93 | 76.9 | 14.28 | 49.03 | 9.1

rugosum L. 99.96

i 527.7
Rhamphosper- | <+ 16 1 11977076 | 13.4 | 87.55 | 1659 | 58.1 | 11.01 | 7433 | 14.08 | 59.29 | 1123 | 114.5 | 21.69 | - -

mum arvense L. 99.97

: — 516.2

@&\%Mss:s 92.16 | 17.85 1 97.19 | 18.82 | 63.6 | 12.31 | 68.94 | 13.35 | 68.64 | 13.29 | 75.71 | 14.66 | - ; 50| 968 0o o

. ; 535.4
Sisymbrium | ¢\ 1o 1017 92.05 | 17.19 | 62.64 | 117 | 68.13 | 12.72 | 50.6 | 945 | 76.68 | 14.32 | 76.9 | 14.36 | 53.87 | 10.06

orientale L. 99,97

: 531.9
Strigosellea | ¢ <7 | 1514 |83.41 | 15.68 | 87.55 | 1646 | 67.14 | 12.62 | - - |63.16| 11.87 | 80.65 | 15.16 | 69.38 | 13.04

africana L. 99.97

(-) indicates absence of the compound.
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The current study showed that the
species vary in the concentration of
their chemical content and percentages
of glycosides and their presence in the
plant leaves of the species under study,
as the species were isolated based on
the percentages and high and low con-
centrations, SO some species were 1So-
lated from each other. The results of the
standard analysis were as in Table (2).

The results showed that the species
Aethionema cordifolium L. contains
the following compounds: Sinigrin
Glucobrassicin  Glucoraphanin  Glu-
cotropaeolin Gluconapin Glucosamine
Coumarin Isorhamnetin and that the

highest concentration was in the gly-
coside Glucobrassicin, which reached
(108.33) micrograms/ml, while the
lowest concentration was in the gly-
coside Glucoraphanin, which reached
(49.23) micrograms/ml. The highest
percentage was in the species Gluco-
brassicin, which reached (20.22%),
while the lowest percentage was in the
species Glucoraphanin, which reached
(9.19%), as shown in Table (2) and
Figure (2). The study was consistent
with the study of Sanaa et al., (1994) in
terms of the chemical compound Sin-
igrin, but was not consistent with the
rest of the compounds.

R
|

RT

1711

— 2.18 Sinigrin of

4.46 Glucobrassicin

- 6.55 Glucoraphanin

— 7.48 Glucotropaeolin

— 9.52 Gluconapin
11.34 Glucosamine

— 13.78 Coumarin

e — 15.33 Isorhamnetin

Figure 2: Chemical analysis

Glycosidesin  compounds

isolated from Aethionema

cordifolium and retention

time for each glycosid.

The species Capsella bursa-postoris
L contains the following compounds:
Sinigrin  Glucobrassicin  Glucoraph-

anin Glucotropaeolin Gluconapin Glu-

cosamine Coumarin Isorhamnetin

and the highest concentration was in
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the glycoside Glucobrassicin, which
reached (83.28) micrograms / millili-
ter, while the lowest concentration was
in the glycoside Isorhamnetin, which
reached (49.03) micrograms / millili-
ter. The highest percentage was in the
species Glucobrassicin, which reached

(15.90%), while the lowest percentage
was in the species Isorhamnetin, which
reached (9.36%), as shown in Table (2)
and Figure (3). The study agreed with
Abdulilah et al., (2024), but the study
did not agree with the study of Joon et
al., (2017).
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The species Erucaria macrocarpa
L contains the following compounds:
Sinigrin Glucobrassicin  Glucoraph-
anin Gluconapin Glucosamine Cou-
marin Isorhamnetin and did not con-
tain the compound Glucotropaeolin
and the highest concentration was
in the glycoside Gluconapin, which
reached (93.32) micrograms / millili-
ter, while the lowest concentration was
in the glycoside Glucosamine, which
reached (63.16) micrograms / millili-

ter. The highest percentage was in the
species Gluconapin, which reached
(17.85%), while the lowest percentage
was in the species Glucosamine, which
reached (%12.08), as shown in Table
(2) and Figure (4). The study agreed
with the study of Naglaa et al., (2022)
in terms of the presence of glycosidic
compounds. The study did not agree
with the study of Naglaa et al., (2022)
and Ashwagq et al., (2014) in terms of
the percentage and concentration.
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The species Erysimum repandum
L contains the following compounds:
Sinigrin  Glucobrassicin  Glucoraph-
anin Glucotropaeolin Gluconapin Glu-
cosamine Coumarin Isorhamnetin and
the highest concentration was in the
glycoside Coumarin, which reached
(106.96) micrograms / milliliter, while
the lowest concentration was in the gly-

coside Glucotropaeolin, which reached
(49.06) micrograms / milliliter. The
highest percentage was in the species
Coumarin, which reached (19.34%),
while the lowest percentage was in
the species Glucotropaeolin, which
reached (8.87%), as shown in Table (2)
and Figure (5). The study agreed with
the study of Tobias et al., (2018).

Figure 5: Chemical

| of  Glycosidesin compounds
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— 4 46 Ghiedh rassicin Fepaaday and retention time
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T:——-— 1555 bothanmetin

analysis




409 ||

dudlyeoll deoolall - duyy Ul aulds - duoldellg dugu il Slwlysdl d oo
02025 Ul - clousdl pgle - phue CWWI sdanll - gguiiellg guo Bl saell

The species Hirschfeldia incana L
contains the following compounds:
Sinigrin  Glucobrassicin  Glucoraph-
anin Glucotropaeolin Gluconapin Glu-
cosamine Coumarin Isorhamnetin The
highest concentration was in the glyco-
side Glucobrassicin, reaching (110.84)
micrograms / milliliter, while the low-
est concentration was in the glycoside
Sinigrin, reaching (51.59) micrograms
/ milliliter. The highest percentage was

in the species Glucobrassicin, reaching
(19.62%), while the lowest percentage
was 1n the species Sinigrin, reaching
(%9.13), as shown in Table (2) and
Figure (6). The study agreed with the
study of Naglaaetal., (2022) in terms of
the presence of glycosidic compounds.
The study did not agree with the study
of Naglaa et al., (2022) in terms of the
percentage and concentration.

|

— 2185 migm of  Glycosidesin compounds

I_ S 4,46 Chiechrassimn | T501ated  from  Hirschieldis

r focans  and retermtion time
— 6.55 Glcoraphanin | for each glycozid

— 748 Thicotopasolin

Ij 9.52 Gluconapin

—————— 11.534 Ghicosanine

13.78 Conmarin
— 15.535 orhanmetin

Fimure 6: Chemical analyzis

The species Isatis tinctoria L species
contains the following compounds:
Sinigrin  Glucobrassicin  Glucoraph-
anin Glucotropaeolin Gluconapin Glu-
cosamine Coumarin Isorhamnetin The
highest concentration was in the gly-
coside Coumarin, reaching (94.49)
micrograms / milliliter, while the low-

est concentration was in the glycoside
Sinigrin, reaching (51.59) micrograms
/ milliliter. The highest percentage
was in the Coumarin species, reaching
(17.68%), while the lowest percentage
was in the Sinigrin species, reaching
(9.65%), as shown in Table (2) and
Figure (7). The study agreed with the
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study of Al-Abide (2021) in terms of
the presence of glycosidic compounds,
and the study did not agree with the
study of Al-Abide (2021) in terms of

the percentage and concentration. but
the study did not agree with the study
of Le et al., (2024).
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The species Neslia paniculata L
contains the following compounds:
Sinigrin  Glucobrassicin  Glucoraph-
anin  Glucotropaeolin ~ Gluconapin
Glucosamine Coumarin Isorhamne-
tin and the highest concentration was
in the glycoside Coumarin, which
reached (90.67) micrograms / millili-
ter, while the lowest concentration was
in the glycoside Glucosamine, which
reached (53.50) micrograms / milli-
liter. The highest percentage was in
the species Coumarin, which reached
(16.62%), while the lowest percentage

was in the species Glucosamine, which

reached (9.80%), as shown in Table (2)
and Figure (8). The study agreed with
the study of Mahmudur et al., (2017)
in terms of some chemical compounds
such as Sinapine and Isothiocyanates
but did not agree in terms of the per-
centage and concentration.
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The species Rapistrum rugosum L
contains the following compounds:
Sinigrin  Glucobrassicin  Glucoraph-
anin  Glucotropaeolin ~ Gluconapin
Glucosamine Coumarin Isorhamnetin
and the highest concentration was in
the glycoside Glucobrassicin, which
reached (95.81) micrograms / millili-
ter, while the lowest concentration was
in the glycoside Isorhamnetin, which
reached (49.03) micrograms / millili-
ter. The highest percentage was in the
species Glucobrassicin, which reached
(17.79%), while the lowest percentage
was in the species Isorhamnetin, which
reached (9.10%), as shown in Table
(2) and Figure (9). The study agreed
with the study of Naglaa et al., (2022)
in terms of the presence of glycosidic

compounds. The study did not agree
with the study of Naglaa et al., (2022)
regarding the percentage and concen-
tration.
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As for the species Rhamphosper-
mum arvense L, 1t contains the follow-
ing compounds: Sinigrin Glucobras-
sicin Glucoraphanin Glucotropaeolin
Gluconapin Glucosamine Coumarin.
It did not contain the compound Isor-
hamnetin. The highest concentration
was in the glycoside Coumarin, which
reached (114.47) micrograms / milli-
liter, while the lowest concentration
was 1n the glycoside Glucotropaeolin,

which reached (58.10) micrograms
/ milliliter. The highest percentage
was in the species Coumarin, which
reached (21.69%), while the lowest
percentage was in the species Glucot-
ropaeolin, which reached (11.01%), as
in Table (2) and Figure (10). The study
agreed with Ma et al., (2024), but the
study did not agree with the study of
Xu et al., (2024).

Figure 10: Chemical analyzis

of  Clvecozsidesin compounds

218 Simznn
4 45 Ghicobrassicin

6,55 Ghcomphanin
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1378 Conmann

izolated from RSamobosoormmr
arvegse and Tetentlon Lime
for each glvcosid

The species Sisymbrium irio L con-
tains the following compounds: Sin-
igrin  Glucobrassicin  Glucoraphanin
Glucotropaeolin Gluconapin Glucos-
amine Isorhamnetin and did not contain
the compound Coumarin and the high-
est concentration in the glycoside Glu-
cobrassicin was (97.19) micrograms /

milliliter while the lowest concentra-
tion was in the glycoside Isorhamne-
tin was (50.00) micrograms / millili-
ter. The highest percentage was in the
species Glucobrassicin was (18.82%)
while the lowest percentage was in the
species Isorhamnetin was (9.68%) as
shown in Table (2) and Figure (11).
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The study agreed with the study of
Naglaa et al., (2022) and the study of
Abdulilah et al., (2024) in terms of the
presence of compounds. The study did

not agree with the study of Naglaa et
al., (2022) and Ashwaq et al., (2014) in
terms of percentage and concentration.

RT S ——

218 5 imzpin
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252 Ghiconapin

11 534 Ghicosanine

e 1553 Eorhanmetin

Figure 11: ©Chemical analvzis
of  Glvecosidezin compounds
izolated from S = Oy o
frip and reteption time for

each glycozid

As for the species Sisymbrium ori-
entale L, it contains the following com-
pounds: Sinigrin Glucobrassicin Gluc-
oraphanin Glucotropaeolin Gluconapin
Glucosamine Coumarin Isorhamnetin
and the highest concentration was in
the glycoside Glucobrassicin, which
reached (92.05) micrograms / millili-
ter, while the lowest concentration was
in the glycoside Gluconapin, which
reached (50.60) micrograms / millili-
ter. The highest percentage was in the
species Glucobrassicin, which reached
(17.19%), while the lowest percentage
was in the species Gluconapin, which

reached (9.45%), as in Table (2) and
Figure (12). The study in this species
did not agree with the study of Azra et
al., (2022).
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The species Strigosellea Africana
L contains the following compounds:
Sinigrin  Glucobrassicin  Glucoraph-
anin  Glucotropaeolin  Glucosamine
Coumarin Isorhamnetin and did not
contain the compound Gluconapin and
the highest concentration was in the
glycoside Glucoraphanin as it reached
(87.55) micrograms / milliliter while
the lowest concentration was in the

glycoside Glucosamine as it reached
(63.16) micrograms / milliliter while
the highest percentage was in the
species Glucoraphanin as it reached
(16.46%) while the lowest percentage
was in the species Glucosamine as it
reached (%11.87) as in Table (2) and
Figure (13). The study did not agree
with the study of Abdulilah et al.,
(2024).

Figure 13: Chemical apalyzis
of  Glycosidesin
izolated

compounds
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Africana and retention Lime
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Cluster analysis of species based
on glycoside chemical content:

A was divided into two groups Al
and A2. Group Al was also divided
into two groups AB1 and AB2. ABI
was divided into two groups ABC1 and
included the species Aethionema cor-
difolium L. and Erysimum repandum
L. Group ABC2 included Capsella
bursa-postoris L. and Rapistrum rugo-
sum L. and Neslia paniculata L. Group
AB2 included the species Erucaria
microcarpa Boiss. Group A2 includ-
ed Sisymbrium irio L. and Strigosellea
africana L. Group B was divided into
two groups B1 and B2. Group B1 in-
cluded the species Hirschfeldia incana
L. and Isatis tinctoria L. and Sisymbri-
um orientale L. B2 included the spe-
cies Rhamphospermum arvense L.

In terms of chemical distance, the
most closely related species were Isa-
tis tinctoria L. and Sisymbrium orien-
tal L. The convergence ratio was (0.26)
while the most divergent species were
Hirschfeldia incana L. and Rhamphos-
permum arvense L. The convergence
ratio was (0.68) as shown in Figure
2. Not all previous studies were con-
sistent with the results of my study in
terms of cluster analysis. This is be-

cause the samples used in the current
chemical study were of higher quality
or more representative of the species
compared to previous studies, or that
the data in previous studies were lim-
ited or less accurate. With the devel-
opment of chemical technology, more
accurate and modern analysis meth-
ods have become available that may
change the previous understanding, or
that old studies may not have used ad-
vanced techniques or expanded genetic
data. Figure (14).
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Figure 14: Dendritic diagram according to apparent glycoside content.

Convergence and divergence be-
tween species based on glycoside
chemical content:

The values of divergence and con-
vergence between the studied species
were calculated based on the chemical
content of alkaloids and glycosides by
analyzing the results obtained from
the studied species using the program
(NTSYS pc v.2.02¢e). The similar per-
centage ranged between (0.25819
- 0.91287). The shortest distance be-
tween the two species was Erysimum
repandum L. and Rhamphospermum
arvense L., which reached (0.25819)
While the farthest distance between
the two species was Isatis tinctoria L.

and Sisymbrium orientale L., which
reached (0.91287) as in Table (2). All
previous studies did not agree with the
results of my study in terms of conver-
gence and divergence. This is because
the samples used in the current chemi-
cal study are of higher quality or more
representative of the species compared
to previous studies, or that the data in
previous studies were limited or less
accurate. With the development of
chemical technology, there are now
more accurate and modern analysis
methods that may change the previous
understanding, or older studies may
not have used advanced techniques or
extensive genetic data. Table 3.
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