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Abstract: Three medicinally promising Oxalis species, namely O. pes-caprae, ARTICLE HISTORY
O. corymbosa & O. latifolia were collected from Egyptian flora and their .

metharr?olic extracts wereJ;ubjected to LC-QTOF-MS aﬁZﬁlsis to annotate their Received: Dec. 31, 2021
chemical profiles. Subsequently, 50 compounds belonging to various chemical Revised: Nov. 01, 2022
classes were identified and characterized, of which 34 compounds were first  Accepted: Nov. 14, 2022
reported from Oxalis L.. Moreover, five flavone compounds were separated

and identified from O. pes-caprae; their structures were elucidated using acid  KEyWORDS
hydrolysis, UV/vis, 'H-NMR, and HR-ESI-MS. The chemotaxonomic

relationship of the studied species was evaluated and the extracted data were — Oxalis,

statistically analyzed and classified Oxalis sp. into two distinct clusters. Each  Cernuae,

cluster was characterized by special chemical features that helped in

o e Tonoxalis,
distinguishing between them.

LC/QTOE/MS,
Chemosystematics

1. INTRODUCTION

Oxalis L. 1s a genus of family Oxalidaceae R.Br. representing nearly 500 accepted species being
worldwide distributed, with special richness in the area from South America to the southern
region of North America and at the South-Western Cape region of South Africa (Oberlander et
al., 2002; The plant list, 2013). The genus is represented in Egypt by five species and one
variety (Tackholm, 1974; El-Khanagry, 2005).

The pharmacological and therapeutic potential of some Oxalis plants was evaluated by
identifying their biologically active chemical constituents, such as O. pes-caprae L. which has
antioxidant and neuroprotective activities (Gaspar et al., 2018). While some other species have
been reported for their antioxidant, anti-diabetic, anti-cancer, antibacterial, and enzyme-
inhibiting activities (Prasad Pandey et al., 2020; Sarfraz et al., 2022).

O. corymbosa DC. and O. latifolia Kunth had not been subjected to any chemical study prior
to work on the nonpolar fraction by Draz et al. (2021). Limited studies have been reported about
the other Oxalis species. Some of those works concerned with their nonpolar chemical profiles
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(Draz et al., 2021) while others provided their chemical profiles using polar fractions
(Gtigliitiirk et al., 2012; Gaspar et al., 2018; Prasad Pandey et al., 2020). In addition, the
separation, and identification of flavonoids and phenolic acids from O. pes-caprae were carried
out by Della Greca et al. (2009) and Giigliitiirk ez al. (2012).

Lourteig (2000) proposed a system for classifying Oxalis L. based on its morphological
characters and concluded O. corymbosa and O. latifolia under section lonoxalis, while O. pes-
caprae was placed under section Cernuae. There weren’t any classifying systems to concern
with the chemical characters of this genus before, so the present study aims to evaluate the
chemotaxonomic relationship between the studied species.

2. MATERIAL and METHODS
2.1. Plant Materials

Three Oxalis plants were collected from different localities in Egypt by Amal A. Draz and were
identified and deposited in the Herbaria of the Faculty of Science, Cairo University (CAI) and
National Research Centre (CAIRC) by Dr. Eman M. Shamso. O. corymbosa DC. (voucher No.
A303) was collected from the National Research Centre gardens, Dokki, Giza in March, 2019,
while O. pes-caprae L. (voucher No. A304) was collected from Bramly’s grotto, Burg El-Arab
in February, 2019 as well as O. latifolia Kunth (voucher No. A305) was collected from Faculty
of Science gardens, Cairo University, Giza in April, 2019.

2.2. LC/QTOF/MS Analysis

The LC-QTOF-MS analysis was performed using plant materials that had been cleaned, dried,
and ground into a fine powder. Fifty grams of each plant were soaked in 70% MeOH three
times, 2 days/each time; the extracts were filtered and evaporated under reduced pressure and
temperature till full dryness using Rota-vapour apparatus. Next, 30 mg of each prepared crude
extract was analyzed using the -ve mode (Triple TOF 5600+ Sciex) in accordance with the
method of Eissa et al. (2020). The profiling and annotation of their chemical constituents were
described (Table 1).

2.3. Isolation of Pure Compounds

Air-dried and powdered 1.6 kg of O. pes-caprae was extracted using 70% MeOH, filtered, and
then dried using Rota-vapour apparatus. The crude extract was then suspended in distilled water
(500 ml) and fractionated with ethyl acetate (65 g) and n-butanol (98 g). For further separation,
each fraction was subjected to column and paper chromatographyaccording to the method of
Hussein et al. (2018). The identification of the separated compounds was achieved through:
NMR experiments that were carried out by using Jeol EX-500 spectrometer: 500 MHz ('H
NMR); UV absorption spectra were recorded on a Shimadzu model-2401CP
spectrophotometer, and HR-ESI-MS on a Triple TOF 5600"Sciex. Authentic samples were
obtained from the department of phytochemistry and plant systematics, NRC. Five compounds
were separated, two of which were identified via 'H-NMR, UV/vis, and HR-ESI-MS
(compounds 29 & 37), while the other three compounds were identified through co-
chromatography with authentic standards (compounds 40, 38 & 33) (Table 1).

2.4. Statistical Analysis

Multivariate statistical analysis of 50 character states was performed using Minitab 21 software
for detecting the affinities among the variable chemical profiles of the investigated plants and
a dendrogram was plotted.
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3. RESULTS and DICUSSION
3.1. LC/QTOF/MS Analysis

The LC/QTOF/MS analysis revealed the identification and characterization of 50
compounds belonging to different chemical classes from the methanolic extracts of three Oxalis
L. plants (O. corymbosa, O. latifolia & O. pes-caprae) (Table 1; Figure 1).

3.1.1. Phenolic acid derivatives

They were recorded in different Oxalis species. Compounds (1), (2), (3), and (4) were identified
in all of the studied taxa, whereas the rest of compounds showed a selective occurrence in
certain species and were absent in others.

Compound (5) was only detected in the extract of O. pes-caprae at m/z 153.0188 and R 4.94
min It produced a major daughter fragment ion at m/z 109 due to loss of CO», that supported its
identification as 3,4-Dihydroxybenzoic acid (Ruan et al., 2019).

Compound (6) was detected at R¢4.96 min with m/z 359.0782 in all of the studied taxa except
for O. latifolia. 1t gave fragmentation pattern of m/z 197, 179, 161 that was in compliance with
that of rosmarinic acid (Wang et al., 2021).

Compound (7) was characteristic of O. latifolia. This compound appeared at m/z 137.0247
(at R¢ 6.97 min.) and produced a daughter fragment ion at m/z 93, suggesting its identification
as “salicylic acid” (Lin et al., 2020).

Although compound (8) was only absent from O. Latifolia, it was reported at m/z 167.0356
(at Ry 7.14 min.) and produced a fragment ion at m/z 152 due to the loss of CH3 group in the
remaining studied taxa. Thus, it was suggested to be “5-Methoxysalicylic acid” (Massbank
Record: PS104208).

3.1.2. Carboxylic acids

A wide variation of carboxylic acids have been detected in the studied taxa, of which the
compounds (9), (10), (12), (13), (14), and (15) were detected in all of the studied taxa, while
the remaining compounds showed a selective occurrence among the studied taxa that developed
a level of variation.

Compound (11) was identified as succinic acid as it appeared at m/z 117.0176 (R 1.19) and
produced a series of fragments at m/z 99 [M-H-H>O] and m/z 73 [M-H-CO:] (Eissa et al.,
2020). This compound was detected in all of the investigated extracts except O. latifolia.

Compound (16) at Rt 1.25 min and m/z 195.0516 was identified as gluconic acid as it
produced a fragmentation pattern of m/z 129, 177 and 159 (Lucas, 2021).

Compound (17) was exclusively detected in extracts of O. corymbosa and O. latifolia. Its
fragment ion peak at R¢ 1.26 min and m/z 160.0615 produced the fragment ions m/z 142 (due
to loss of H>O molecule) and m/z 116 (due to loss of CO, molecule) on the MS/MS
fragmentation. This fragmentation spectrum was mostly compatible with that of “1H-indole-3-
carboxylic acid” (Gamir et al., 2012).

Compound (18) at R¢ 1.27 min and m/z 105.0199 was absent only in O. pes-caprae. The
fragmentation pattern of this compound was mostly compatible with that of glyceric acid, as it
produced fragment ions at m/z 75, 73, 59, 57, 47 (Lucas, 2021).

Compound (19) that appeared at R 1.28 min and m/z 147.0288 was identified as citramalate
as it showed the fragmentation pattern of m/z 129, 103, 87, 85 (Wu et al., 2010). This compound
was only present in O. latifolia.
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Compound (20) was only detected in O. corymbosa extract at m/z 149.0451 (R¢ 1.29 min.),
and on MS/MS fragmentation, it produced a major fragment ion at m/z 73 in a fragmentation
pattern being characteristic of tartaric acid (Brent et al., 2014).

Compound (21) appeared at R¢ 1.38 min and m/z 145.0613 was only recorded in the extracts
of section Ionoxalis representatives (O. corymbosa and O. latifolia). It gave fragment ions at
m/z 127,101 in a MS/MS fragmentation pattern that was characteristic of 2-Methylglutaric acid
(Lucas, 2021).

Compounds (22), (23), and (25) were detected only in O. pes-caprae. Those compounds had
molecular ion peaks at m/z 175.0616 (at R 1.46 min), 138.0556 (at R; 1.51 min), and 147.0459
(at Rt 4.83 min), respectively. Compound (22) gave a fragmentation pattern of m/z 157 (due to
the loss of an H>O molecule), 131 (due to the loss of a CO2 molecule), 129, 115, 113 and 85
being characteristic of 2-Isopropylmalic acid (Ricciutelli ez al., 2019). Compound (23) gave a
fragment ion at m/z 94, so it was characterized as 6-Hydroxynicotinic acid (Llorach et al.,
2009). Compound (25) gave fragment ions at m/z 119 and 103 (due to the loss of a CO>
molecule) that confirmed its identification as cinnamic acid (Zhang et al., 2010).

Compound (24) appeared at R¢ 2.15 min and m/z 353.0878 was characterized as chlorogenic
acid. Its spectrum showed fragment ions at m/z 191, 179, 173 (Zhang et al., 2010). This
compound was recorded in the extracts of all studied taxa except O. corymbosa.

3.1.3. Flavonoids

Seventeen flavonoid compounds were identified from the plants under investigation, of which
compounds (29 & 37) were separated from O. pes-caprae and identified using UV/vis and 'H-
NMR techniques, and for further accuracy they were identified along with the compounds (38,
33 & 40) from the same species via co-chromatography with authentic standard samples (Figure
2).

Compounds (26) (R 4.36 min., m/z 449.1074) and (36) (R 7.95 min., m/z 433.10678) were
identified as eriodictyol-7-O-glucoside and naringenin-7-O-glucoside, respectively, as
confirmed by comparing their fragmentation patterns (m/z 287, 269) and (271, 151),
respectively with the literature (Krasteva & Nikolov, 2008; Kang et al., 2016). Those two
compounds were detected in all of the studied taxa except for O. latifolia.

Compound (27) has molecular ion peak at m/z 289.0729 that appeared at R¢ 4.93 min and
gave fragment ions at m/z 245, 205, 179, 149, 123, and 109 being characteristic of “Catechin®
(Kang et al., 2016). Catechin was detected only in O. corymbosa.

Compounds (28), (29), and (37) are luteolin-C-glycoside derivatives that appeared at R: 6,
6.42 & 8.11 with molecular ion peaks at m/z 447.0924, 461.1070 & 447.0887, respectively.
They were detected in all of the studied taxa except compound (29) which was absent from O.
corymbosa. Compounds (28) & (37) have the same fragment ions being m/z 429 [M-H-H>O],
357 [M-H-90]", and 327 [M-H-120]". The intensities of the fragment ions of the two compounds
were different, being 327 (100%), 357 (55%) for compound (28) and 327 (100%), 357 (19%)
for compound (37) that suggested their identification as luteolin-6-C-glucoside and luteolin-8-
C-glucoside, respectively (Hassan et al., 2019) with further confirmation of compound (37)
identification through UV/vis and 'H-NMR (Almahy & Fouda, 2013). Compound (29)
produced daughter fragment ions at m/z 446, 313, 298 that suggested its identification as
luteolin-7-OCH3-6-C-glucoside “swertiajaponin” (Wang ef al., 2008), an identification that was
further confirmed using UV/vis and 'HNMR (Kumarasamy et al., 2004).

Compound (31) was only detected in O. latifolia at R 6.78 min and m/z 463.0924 with a
major fragment ion at m/z 301, suggesting its identification as “quercetin 3-hexoside” (Marzouk
etal., 2018).
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Compound (38) at R¢ 9.52 min was identified as luteolin. It gave molecular ion peak at m/z
285.0387 with production of fragments 241, 217, 151, and 133 that corresponds to the luteolin
aglycon (Marzouk et al., 2018), an identification that was more confirmed via co-
chromatography with an authentic standard. While compound (33) was identified as luteolin-
7-O-glucoside that appeared at R 7.21 and gave a molecular ion peak at m/z 447.0934 with
producing the characteristic fragment ion of luteolin aglycon at m/z 285 that corresponds to the
loss of the glucoside moiety [M-H-162] in addition to producing m/z 179, 151 (Marzouk et al.,
2018), an identification that was more confirmed via co-chromatography with an authentic
standard.

Compound (34) was detected only in O. pes-caprae and O. corymbosa at R 7.64 min with
molecular ion peak m/z 447.0917 and gave fragment ions at m/z 285, 133, so it was identified
as maritimetin-6-0-hexoside (Cao-Ngoc ef al., 2020).

Compound (40) at R; 10.45 and m/z 269.0469 was identified as being apigenin by comparing
its fragmentation product ions (225, 151) with the literature and its co-chromatography with an
authentic standard (Brito et al., 2014). Apigenin was detected only in O. pes-caprae and O.
latifolia. The fragmentation pattern of compound (32) at R 6.87 min and m/z 577.1547 showed
a daughter fragment ion at m/z 269 that was characteristic of the apigenin aglycon (due to losing
neohesperidoside moiety) and another fragment ion at m/z 413 that indicated the loss of a
rhaminose moiety. This fragmentation pattern supported its identification as apigenin 7-O-
neohesperidoside (Brito et al., 2014). In the same manner, compound (35) at R¢ 7.84 min and
m/z 431.1192, it was found that it produced a fragment ion at m/z 269 which is characteristic of
the apigenin aglycon after losing the glucose moiety from the original compound and its
isotopic fragment also appeared at m/z 268 in addition to another fragment ion at m/z 311 and
this supported its identification as apigenin-7-O-glucoside (Marzouk et al., 2018).

Compound (39) was identified as naringenin (at R 10.13 min and m/z 271.0635) as it gave
fragment ions at m/z 151, 125, 107 (Kang et al., 2016).

Compound (41) was recorded only in the extract of O. pes-caprae (section: Cernuae) at R¢
12.17 min and m/z 267.0652. It gave fragment ions at m/z 252, 224 that were characteristic of
formononetin (Zhao et al., 2020).

Compound (42) appeared at R 14.67 min with a molecular ion peak at m/z 283.0672 and
fragment ions at m/z 268, 240, 211, a fragmentation pattern being characteristic of acacetin
(Ben Salah et al., 2019). This compound was present only in O. corymbosa extract.

One coumarin was identified from the taxa under study being compound (43) that was
detected only in O. pes-caprae at Rt 8.33 min and m/z 177.0925. It produced fragment ions at
m/z 149, 133 that suggested its identification as esculetin (6,7-Dihydroxycoumarin) (Ruan et
al., 2019).

Compound (45) was characterized as a stilbene. It was recorded only in the extract of O.
corymbosa. Its molecular ion peaks appeared at m/z 227.0718 and R 9.1 min with producing
daughter fragment ions at m/z 185, 183, 159, 157, and 143 that was characteristic of resveratrol
(Guerrero et al., 2020).

Compound (50) belonging to the class of sugar alcohols was detected at R 1.39 min and m/z
181.0717. It gave fragmentation pattern of m/z 163, 119, 89, and therefore it was identified as
mannitol (Gervasoni et al., 2016). This compound was detected in O. pes-caprae and O.
corymbosa.
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Figure 1. LC-QTOF/MS analysis of methanolic extracts of Oxalis sp.

e 0308 epn.

B Bane Pesk Chmem. of -TOF M3 Exp 1. brom Sameie |

O.corymbosa

-y
- s

!!i__iiiiiiuiiiti_iiiiii

T
7

l
"'-_IUL'\.._A_, \Jk'

i J

\__AJ‘I\_A_M‘

W Bass Pesk Chom o -TOF S £x3 1. Fom Sampte |

= 0. latifolip

.
‘“

l\‘

sy
PERREREFRECE

“_[ \_N_H\HJ W

et
\_u\_h___/\_..._. N
i

Ry
R, o
Ry
OH 0
Compound R R, Ry

29: H  OMe Gle

37. Gle OH H

8. H OH H
33: H Gle H

OH

431

0

Compound (40)

Figure 2. Chemical structures of isolated compounds from Oxalis pes-caprae.



Int. . Sec. Metabolite, Vol. 9, No. 4, (2022) pp. 426-439

Table 1. Different chemical classes detected in the studied Oxalis taxa by using LC-QTOF-MS.

Section Reference
Cernuae Tonoxalis
R MS/MS
NO. . M.Wt M-HJ Compound name Oxali
(Min.) [ ] P spectrum ans Oxalis Oxalis
Latifoli
caprae corymbosa Latifolia
phenolic acid derivatives
M k
| 198 180 179.0341  Caffeicacid* 135,161  + + arzouk et
al., 2018
Zh .
2 2 164 163.03873 P-Coumaricacid” 93, 119 + + + Oggzeot al.,
3 225 194 193.04855  ferulicacid® 178,149  + + + Zh(’;g;o’ al.
P-Hydroxybenzoic Zhong et al.,
4 31 1 137.02 + + +
33 38 37.0238 acid * 93 2020
34 Ruan ef al
5 494 154 153.0188 Dihydroxybenzoic 109 + - - uan et a.
) 2019
acid
S 161,179, Wang et al.,
. . + + -
6 496 360 359.07828  Rosmarinic acid 197 2021
.. . Lin et al.
. . - - +
7 697 138 137.02477 Salicylic acid 93 2020
. (Massbank
§ 714 168 1670356 ° 'Meth‘:c‘iy;ahcyhc 152 + + - Record:
PS104208)
Carboxylic acids
9 1.6 134 133.0148  Malicacid®  70,71,115  + + + Bre;(tne;“l"
10 1.17 210 208.9362 Galactaric acid 71, 85, 191 + + + Lucas, 2021
11 1.19 118 117.01762  Succinic acid 73, 99 + + . FBisaeldl,
2020
12 121 116 115.00307 Maleic acid 71 + + .  Brentetal,
2014
. . 85, 111,
13 1.22 174 173.00958 Cis-Aconitate 129 + + + Lucas, 2021
M k
14 123 192 19097238 Citric acid * 111,129 + + + arzouk et
al., 2018
.. . 85,111, Marzouk et
) . + + +
15 1.24 192 191.05583 Quinic acid 127,173 al., 2018
129, 159
16 125 196 195.05165 Gluconic acid 1’77 ’ + - Lucas, 2021
1H-indole-3- Gamir et al.
1 1.2 161 160.061 142,11 - + + ’
’ 65 16 60.06158 carboxylic acid > 116 2012
18 127 106 105.01991 Glyceric acid 73;975;757’ - + + Lucas, 2021
. 85, 87, Wu et al.,
. . - - +
19 1.28 148 147.02885 Citramalate 129, 103 2010
. . Brent et al.,
20 1.29 150 149.04518 Tartaric acid * 73 - + - 014
21 138 146 14506139 > Methylglutaric o o0 + +  Lucas, 2021

acid

432



Table 1. Continues.

Draz, et al.

2-Isopropylmali 157,129, Ricciutelli et
2 146 176 17506165 P Oﬁ’g 131,115, CIC ‘128196
ac 113, 85 4
6-Hydroxynicotinic Llorach et
23 1.51 139 138.0556 acid 94 al., 2009
. 173,179 Zhang et al.
# ’ > 5
24 2,15 354 353.0878 Chlorogenic acid 191 2010
25 483 148 147.04594  Cinnamicacid 103,119 Zhag(g) fé al.
Flavonoids
C . Krasteva &
26 436 500 449.10742 Em‘ifctz;zzo' 269, 287 Nikolov,
£ 2008
109, 123, K ‘al
27 493 290 289.07294 Catechin 149, 179, ar;%f 6“ »
205, 245
. 285,297,
28 600 448 447.09247 Lute"h“,'6'#c' 327,357, Hassan et al.,
glucoside 2019
429
Wang et al.,
Luteolin-7-OCH3-6- 298, 313, 2008;
29 642 462 461.10702 .
C-glucoside * 415, 446 Kumarasamy
etal., 2004
. 269, 293,
30 645 578 5770334 exin2RO- Hassan et al.,
rhamnoside 2019
413
Quercetin 3- Marzouk et
31 6.78 464 463.09241 hexoside 301 al., 2018
Apigenin 7-O- Brito et al.,
32 6.87 578 577.15472 413, 269
neohesperidoside ’ 2014
Luteolin-7-O- 285,179 Marzouk et
21 44 447. 41 N ’ ’
37 8 7.093 glucoside ** 151 al., 2018
Maritimetin-6-O- Cao-Ngoc et
34  7.64 448 447.09177 hexoside 285,133 al., 2020
Apigenin-7-O- 268, 269, Marzouk et
35 7.84 432  431.11929
glucoside * 311 al., 2018
36 795 434 43300678 aningemin-7-O- . g Kang et al.,
glucoside 2016
Hassan et al.,
Luteolin-8-C- 327,357 2019;
11 44 447. 1 ’ ’ ’
378 8 7.0887 glucoside ** 429 Almahy &
Fouda, 2013
133,217 Marzouk et
. *# 9 b
38 9.52 286 285.03873 Luteolin 241, 151 al., 2018
. . 107, 125, Kang et al.,
39 10.13 272 271.06351 Naringenin 151 2016
. Brito et al.,
40 1045 270 269.04691 Apigenin *# 151,225 2014
Zh .
41 1217 268 267.06525  Formononetin 224,252 a;z)zgal’
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268, 240 Ben Salah et
42  14. 284  283.0672 A tin # ’ ’ -
67 8 83.06726 cacetin 11 al.. 2019
Coumarins
43 833 178  177.0925 Esculetin 133,149 + R“az‘:)f; al.
Stilbenes
.. Guerrero et
. . +
44 481 406 405.17596 Astringin 225,243 al., 2020
143, 157, Guerrero et
45 9.0 228 227.07181 Resveratrol 159,183, - Y ¢
al., 2020
185
Terpenes
(MassBank
46 126 136 135.02867 Gamma-terpinene 89, 117 + Record:
PT208863).
Sugars
Mannose 1- Cocuron &
47 1.21 260 259.02151 79 +
phosphate Alonso 2014
48 141 180 179.0554 Hexoside 89, 161 + Jin et al.
2018
89, 119, Jin et al.
. . +
49 147 342 341.10941 Sucrose 161, 179 2018
Sugar alcohols
. 89, 119, Gervasoni et
. . +
50 1.39 182 181.07173 Mannitol 163 al 2016

Notes: *Compounds that were previously identified from genus Oxalis L.
$ Compounds that were separated and identified in the present study from O. pes-caprae using 'H-NMR and

UV/vis.

*Compounds that were identified in the present study from O. pes-caprae via co-chromatography.
+ = present, - = absent

3.2. Statistical Analysis

The statistical analysis was presented in a dendrogram that showed two clusters (I & II) at
similarity level 50.2%. Cluster I ended with O. pes-caprae while cluster II included both O.
corymbosa and O. latifolia at 58.19% similarity level, results being in accordance with

Lourteig’s (2000) findings about the sectional affinity of those species (Figure 3).

Figure 3. Dendrogram for the numerical analysis of the extracted chemical data.

Dendrogram
Complete Linkage, Correlation Coefficient Distance

50.20

66.80

Similarity

83.40-

100.00

0. pes-caprae

0. corymbosa 0. latifolia
Variables
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3.3. Chemosystematic Evaluation

According to Lourteig (2000), the investigated members of Oxalis in this study could be
distributed under two sections viz. section Cernuae Knuth includes O. pes-caprae and section
Ionoxalis (small) Knuth comprises O. corymbosa and O. latifolia.

On comparing the chemical profiles of the studied taxa, significant differences among them
were recorded, where O. pes-caprae can be recognized by the presence of 3, 4-
Dihydroxybenzoic acid, esculetin, formononetin, cinnamic acid, 6-Hydroxynicotinic acid and
2-Isopropylmalic acid in its extract and lacking of naringenin, glyceric acid, 1H-indole-3-
carboxylic acid and 2-Methylglutaric acid compounds.

O. corymbosa was characterized by presence of catechin, tartaric acid, acacetin and
resveratrol, in addition to the absence of chlorogenic acid, apigenin and luteolin-7-OCH3-6-C-
glucoside in its extract.

O. latifolia can be distinguished from the other species by lacking of maritimetin-6-O-
hexoside, 5-Methoxysalicylic acid, succinic acid, gluconic acid, eriodictyol-7-O-glucoside,
mannitol, naringenin-7-0-glucoside, and rosmarinic acid in its extract, as well as the presence
of salicylic acid, citramalate, and quercetin 3-hexoside. Among the studied plants, O. latifolia
is the only species being characterized with its ability of forming flavonol compounds
(quercetin 3-hexoside), these compounds were previously reported in O. corniculata L. (Prasad
Pandey et al., 2020).

The present study also helps in understanding the chemotaxonomic relationship between the
studied Oxalis species at the sectional level. Certain identified compounds confirmed the
sectional demarcation of Oxalis as suggested by Lourteig (2000). Section Cernuae represented
by O. pes-caprae could be distinguished from section Ionoxalis by the presence of 3,4-
dihydroxybenzoic acid, 2-isopropylmalic acid, 6-hydroxynicotinic acid, cinnamic acid,
formononetin, and esculetin, and lacking of glyceric acid, 2-methylglutaric acid, 1H-indole-3-
carboxylic acid and naringenin. Coumarin and isoflavone compounds (esculetin and
formononetin) were recorded in O. pes-caprae for the first time, and they have never been
detected in any other Oxalis species, so it may be a valuable compound in distinguishing
between Oxalis sections.

Our chemical and statistical findings were in consistence with Lourteig (2000) findings that
supported her taxonomic treatment concerning with the sectional affinities of the species under
investigation.

As new chemical classes were detected in the present work from Oxalis plants (flavanones,
stilbenes and catechin) and to have a complete overview concerning the chemotaxonomic
evaluation of Oxalis sections and their species, more investigations are needed for the rest of
the worldwide distributed Oxalis species and in particular for section Cernuae.

4.CONCLUSION

This is the first chemical report to shed light on the polar constituents of Egyptian Oxalis that
was an informative achievement with respect to both O. corymbosa and O. latifolia that had not
been previously subjected to any chemical separation and identification processes. The obtained
results suggested significant chemical variations among the three Oxalis sp. that could be a
diagnostic character in their identification. All the chemical and statistical data supported the
grouping of the studied taxa within two sections under genus Oxalis L. being Ionoxalis and
Cernuae.
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