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Abstract

Natural phenols are significant functional substances that are commonly present in plants and provide advantages for human
health. Phenolics can be utilized for a variety of therapeutic applications, such as antioxidant, anti-inflammatory, antidiabetic,
and antibacterial activities. This work aimed to fractionate and identify the phenolic compounds present in ethyl acetate fractions
of the methanolic leaf extracts of A. Conyzoides. Fractionation and purification of the ethyl acetate fraction using column
chromatography and TLC, followed by FTIR and LC-MS for identification, were employed in this work. While the FTIR
spectroscopy was used to identify the fractions with -OH functional group, LCMS was used to identify the phenolics. After
fractionation and purification, six ethyl acetate samples were obtained, each with different Rf values, of which three showed a
pronounced presence of OH functional groups in phenolics. Subsequently, four phenolic compounds were identified:
furocoumaric acid, liquiritin, isorhamnetin, and syringin. This research has demonstrated that ethyl acetate fraction of A.
conyzoides methanol leaf extract is a good source of the phenolic compounds: Furocoumaric acid, Liquiritin, Isorhamnetin, and
syringin.
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1. Introduction

Phenolic substances are phytochemicals with one or more aromatic rings with hydroxyl groups connected
inside the structure (phenolic acid or polyphenols). Plants contain them in both free and conjugated forms.
The food and pharmaceutical industries are currently paying a lot of attention to phenolic chemicals for a
number of reasons [1, 2]. Natural phenols are significant functional substances that are found in a wide
variety of plants and offer advantages for enhancing human health. They are a significant class of
phytochemicals and are further separated into polyphenols and phenolic acids [3]. Due to their numerous
health benefits, phenols can be utilized medicinally for a variety of conditions. These benefits include
antioxidant, anti-inflammatory, antidiabetic, antimicrobial, antiviral, anti-allergenic, antithrombotic, cardio
protective, and vasodilatory action [4, 5]. Their structural variations or functional groupings may be
responsible for their different therapeutic effects. For instance, phenolic compounds' capacity to scavenge
free radicals and contribute hydrogen atoms, electrons, or chelated metal cations is thought to be the cause
of their antioxidant activity [6, 7]. The ability of phenolic compounds to scavenge free radicals is conferred
by their molecular structure, specifically the quantity and positioning of their hydroxyl groups and the type
of substitution they undergo on their aromatic rings, which is known as the structure-activity relationship
(SAR). These substances can also exist as derivatives, like esters and methyl esters, or in combination with
mono- and polysaccharides linked to one or more phenolic groups. Of the numerous kinds of phenolics
that have been found in A. conyzoides, phenolic acids, flavonoids, and tannins are thought to be the most
significant dietary phenolic components.
Ageratum conyzoides, an annual plant of the family Asteraceae, has a long history of usage as a traditional
medicine in numerous nations all over the world. The plant is often found in West Africa and is particularly
prevalent during the wet season in southern and northwestern Nigeria. It can be found in Nigeria's marshes
and savannah areas. It is frequently referred to as "horny goat weed." A. conyzoides is used in conventional
medicine to treat a number of illnesses, including diabetes [8]. For instance, ethyl acetate extracts have
been demonstrated to have anticancer and free radical scavenging activities, while agueous extracts of the
entire plant have been utilized as dermatological treatments [9]. In a study by Atawodi et al. [10], the high
flavonoid content of the plant was shown to be responsible for the antihyperglycemic and lipid-lowering
actions of methanol extracts of A. conyzoides L in normal and diabetic rats. In a study by Atawodi et al.
[10], the high flavonoid content of the plant was shown to be responsible for the antihyperglycemic and
lipid-lowering actions of methanol extracts of A. conyzoides L in normal and diabetic rats. Similar to this,
Ozioko et al. [11] reported that A. conyzoides leaf extracts in methanol exhibited significant levels of total
flavonoids and total phenolic content. A phytochemical screening showed that the roots of this plant extract
contained various bioactive components such as flavonoids, saponins, tannins, terpenoids, alkaloids,
coumarins, chromenes, benzofurans, sterols, terpenoids, and cardiac glycosides, but have been shown to
contain no anthracene derivatives [11-14]. Additionally, antifungal substances such as precocene Il and
polymethoxy flavones have been found in A. conyzoides [8].

Due to reports of high levels of phenols and flavonoids in A. conyzoides leaf extracts and as a follow-up to
work Ozioko et al. [11] (which claimed that the ethyl acetate fraction of the methanolic leaf extract of A.
conyzoides has a high total flavonoid and phenol content as well as excellent antioxidant and antidiabetic
effects), the goal of the current study was to fractionate and identify phenolics from the ethyl acetate
fraction.
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The aim of this research was to fractionate and identify phenolic compounds from the ethyl acetate fraction
of A. conyzoides methanolic leaf extract.

2. Materials and Methods

This research started in 22" February, 2022 and ended in March 2023. All reagents used were of analytical
grade. They include silica gel (200-400 mesh size), column (2cm width x 40cm length), different solvents
(methanol, ethyl acetate, and chloroforms), TLC Silica gel 60 F2s4, Hand-held UV lamp (E-Series Corded;
model number: 1497616; made in Japan), 10% sulphuric acid, chromatography jar, oven, and scissors.

Study Area: The primary place where the study took place was at the Research Laboratory of Department
of Pharmaceutical and Medicinal Chemistry, Kaduna State University (KASU), Kaduna, Nigeria. This was
where drying, extraction, and solvent-solvent fractionation were carried out as described by Ozioko et al.
[11]. The CC and TLC were equally carried in this lab. However, FTIR and LCMS were respectively
carried out at Ahmed Bello University (ABU) Zaria, Nigeria, Multipurpose Laboratory, and Bayero
University Kano (BUK), Nigeria's Center for Dry Land Agriculture (CDA).

2.1 Column and Thin Layer Chromatographic Purification/Isolation of Ethyl Acetate Fraction

The weight of the ethyl acetate fraction used was 2.7g. Forty grams (40g) of silica gel (200-400 mesh size)
were dissolved in ethyl acetate, poured on the column, and allowed to settle gently to make a slurry (the
stationary phase). The mobile phase/eluent consists of ethyl acetate and methanol in a gradient ratio of
100:0, 98:2, 95:5, 90:10, 80:20, 70:30, etc. The sample was then dissolved in a small portion of ethyl acetate
and introduced into the column. The mobile phase was added gently, and fractions were collected.
Approximately 3 mL of the fractions were collected at intervals, but the first four fractions were 10 mL
each. The fractions were labeled F1-F159.

Each of the fractions collected was spotted on the TLC plate to ascertain the number of prospective
compound(s) or isolates present. It was then run in a solvent system containing ethyl acetate and methanol
in a ratio of 5:1. This ratio was chosen after various TLCs were carried out on the ethyl acetate fraction
with different solvent combinations. The chromatograms developed were visualized using a handheld UV
lamp at 365nm and subsequently sprayed with 10% sulfuric acid and heated in an oven for 5 minutes for
the development of spots. Fractions that have the same retention factor (Rf) values (similar spots) on the
chromatogram were pooled together for further rechromatographic processing when two or more spots
appeared.

2.2 Characterization and Compound Identification:

For the purpose of characterization and structural identification, the separated or purified fractions
(samples) were sequentially subjected to FTIR spectroscopy (Agilent Technologies Cary 630 FTIR) and
LC-MS spectroscopy (Agilent high-resolution liquid chromatography and mass spectrometry model-
G6550A (0.01% mass resolution).

2.2.1 Fourier-Transform Infrared (FTIR) Spectroscopy

The FTIR spectroscopy was carried out using Agilent Technologies Cary 630 FTIR at Ahmadu Bello
University (ABU) Zaria, Nigeria, Multipurpose Laboratory. About 10 mg of the dried ethyl acetate extract
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powder was encapsulated in 100 mg of KBr pellet (FTIR grade) for preparation of translucent sample discs.
The dried ethyl acetate samples fractions were respectively loaded into a FTIR spectroscope with a scan
range of 650 to 4000 cm™ and a resolution of 8 cm™.

2.2.2 Liquid Chromatography Mass Spectroscopy (LCMS)

The LCMS was conducted at the Bayero University Kano (BUK), Nigeria's Center for Dry Land
Agriculture (CDA). This study employed the LCMS analysis procedure (generic approach), which makes
use of the LC Waters e2695 separation module with W2998 PDA and is coupled to ACQ-QDA MS.
Liquid chromatography (LC) and a tandem mass spectrophotometer (MS), with some modifications from
[15], were used to examine the materials. Reconstituted in methanol, the extracted samples were then run
through a polytetrafluoroethylene (PTFE) membrane filter with a 0.45m size. The filtrate was filtered, and
10.0 pL of it was then put into the liquid chromatography system, where it was allowed to separate on a
Sunfire C18 5.0 mm 4.6 mm x 150 mm column. A flow rate of 1.0 mL/min and a sample and column
temperature of 25°C were used for the run. With two separate gradient systems, the mobile phase is made
up of 0.1% formic acid in water (solvent A) and 0.1% formic acid in acetonitrile (solvent B).

From the A/B 95:5 ratios, this ratio was maintained for an additional minute, followed by periods of A/B
5:95 for 13 to 15 minutes, A/B 95:5 for 17 to 19 minutes, and then 20 minutes. With a resolution of 1.2 nm
and a sampling rate of 10 points per second, the PDA detector was tuned to the 210-400 nm range. After
making sure the settings were accurate, the mass spectra were obtained with a scan range of m/z 100-1250:
Positive and negative electron spray ionization (ESI) sources; capillary voltages of 0.8 kV (positive) and
0.8 kV (negative); probe temperatures of 600°C; flow rates of 10 mL/min; and 45 psi of nebulizer gas. MS
is configured to operate in automated mode with a 125V fragmentation voltage. Software called Empower
3 was used to process the data. Elution order, retention time (Rt), fragmentation pattern, and base m/z data
were all used to identify the compounds.

3 Results

3.1. Column Chromatography and TLC of Ethyl Acetate Fraction

At the end of first round of fractionation (Table 1), fractions with single spot as well as Rf value were set
aside, while fractions with two or more spots or Rf values were rechromatographed (Table 2).

Table 1: First Column Chromatography of Ethyl acetate Fraction

Fractions Rf Values Designation
F1-F3 No Spot

F4-F5 0.93 E1*
F6-F20 0.93; 0.88 E2
F21-F38 0.88; 0.81 E3
F39-F40 0.88 E4*

F41-F79 0.87; 0.82 ES
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F80 0.82 E6*
F81-F95 0.82; 0.59 E7
F96-F100 0.59 E8*

F101-F120 0.58; 0.68; 0.70 E9
F121-F140 0.48; 0.58 E10
F141-F154 0.48 E11*

F155-F159 No Spot

*Fractions with single spot and Rf value.

Table 2: Rechromatographed Ethyl Acetate Fractions.

Fractions Rf Values Designation
E2 (E21-21) 0.88 E2F1
E2 (E22249)  0.93 E2F2
E3 (E31-11) 0.82 E3F1
E3 (E31225)  0.88 E3F2
E5 (E51-10) 0.82 E5F1
E5 (E51118)  0.88 E5F2
E7 (E7113)  0.59 E7F1
E7 (E7usa) 081 E7F2
E9 (E91-11) 0.59 E9F1
E9 (E91228)  0.71 E9F2
E10 (E10114) 0.48 E10F1

E10 (E101525) 0.59 E10F2
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Fractions in Table 1 and 2 with the same Rf values were pooled together. This gives six (6) samples labeled
accordingly. The weight of each sample was equally indicated (Table 3).
Table 3: Samples from the ethyl acetate fraction of A. conyzoides methanol leaf extract

Pooled Fractions

Rf Values Samples Designate Sample Weight (mg)

E1+E2F2 0.93 EtAcS1 107
E4+E2F1+E3F2+E5F2 0.88 EtAcS2 125
E3F1+ESF1+E6F1+E7F2 0.82 EtAcS3 118
E7F1+ESF1+E9f1+E10F2 0.57 EtAcS4 93
E9F2 0.71 EtAcS5 82
E10F1+E11 0.48 EtAcS6 76

EtAc and S mean ethyl acetate and sample respectively.

3.2. Fourier-Transform Infrared (FTIR) Spectroscopic Analysis
In FTIR spectra each absorbance peak is due to the vibration of a particular functional group of the sample
(compound). The summary of each relevant peak with its corresponding functional group was as outlined

in Table 4.

Table 4: FTIR spectral peak values and functional groups obtained for each Ethyl acetate sample

Samples Peak Values (cm™) Functional Grp  Inferences

1. 2928.0 and 2855.1 C-H (alkanes) No -OH group, so could not be
phenolic.

2. 3337.2 (weak band) -OH (Phenol) Presence of -OH group, thus presence
of

2937.1 and 2844.0

1718.3
1632.6
3090.0

2146.9

C-H (alkanes) phenolic compound(s).
C=0 (ald/ket.)

C=C (alkenes)

=C-H (alkenes)

Benzene ring
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3% 3380.7 (Broad band) -OH or Phenol —OH group identified, thus presence
0
2922.2 and 2855.1 C-H (alkanes) phenolic compound(s).
1699.7 C=0 (ald/ket.)
1610.2 C=C (alkenes)
2132.0 Benzene ring
4. 2937.1 and 2840.2 C-H (alkanes) No -OH group, so might not contain
3000.5 =C-H (alkenes) phenolic compound.
2158.1 Benzene ring
5. 3254.0(Broad band) -OH or Phenol -OH group identified, thus presence of

2922.2 and 2855.1  C-H (alkanes) phenolic compound(s).

1707.1 C=0 (ald/ket.)
1617.7 C=C (alkenes)
2113.4 Benzene ring

6. 3548.4 (weak band) -OH or Phenol Could contain a phenolic compound,
1729.5 C=0 (ald/ket.) although there is no pronounced
2005.3 —OH functional group

From Table 4, Samples 2, 3 and 5 contain phenolic compounds since they all have pronounced hydroxyl (-
OH) functional groups. Note that all the FTIR spectra were as listed in the supplementary data (Figures S1-
S6).

3.3. Liquid Chromatography-Mass Spectroscopy (LC-MS)

The results of LCMS analysis of ethyl acetate fractions of A. conyzoides methanol leaf extract revealed the
presence of many bioactive compounds like Quassin (Quassinoids), Furocoumaric acid (Phenolic
Glycoside), Liquiritin (Polyphenol), and Syringin (phenolic Glycosides), among others, at positive and
negative modes, which were subsequently identified using the database by comparing their molecular
fragmentation patterns for all the ethyl acetate samples (1-6) as shown in Table 5.
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Table 5: LCMS Identified Compounds on Ethyl acetate Fractions of A. conyzoides Methanolic Leaf Extract

Samples S/No Rt(min) Compounds MW(g/mol) LC-MS m/z M. Formula
1 1 2.43 Quassin 388.50 389.848 [M+H]" C22H280s6
2 11.28  Furocoumarinic acid 366.30 367.702 [M+H]* Ci17H1809
2 1 9.97 Quassin 388.50 389.378[M+H]*  C22H2806
2 10.17 Liquiritin 418.40 417.334[M-H] C21H2209
3 11.98  Furocoumarinic acid 366.30 367.565[M+H]*  Ci7H1809
3 1 0.91 Blumenol A 224.30 225.912[M+H]*  Ci3H2003
2 2.15 Isorhamnetin 316.26 315.026[M+H]*  Ci6H1207
3 11.33  Furocoumarinic acid 366.30 367.573 [M+H]* Ci17H1809
4 1 1113  Syringin 372.40 373.382[M+H]*  Ci7H240s
5 1 11.27 Quassin 388.50 389.146[M+H]*  C22H280s
2 11.95  Furocoumarinic acid 366.30 367.551 [M+H]* Ci17H1809
6 1 11.92  Furocoumarinic acid 366.30 367.550[M+H]*  Ci17H1809

Keys: Rt= Retantion time; MW= Molecular weight; LCMS= Liquid chromatography- mass spectroscopy
From the LCMS analyses, furocoumarinic acid (phenolic glycoside) dominated in almost all six samples.
Also, samples 2, 3, and 5 had higher concentrations (numbers) of phenolics identified. All the total ion
chromatograms of the respective samples as well as the molecular fragments of the identified compounds
were listed in the supplementary data (Figures S7-S21).

3.4. Chemical Structures of the Compounds Identified from LCMS as Obtained from PubChem

Database

The 2-D structures of the compounds identified from ethyl acetate fraction of A. conyzoides methanolic
leaf extract were as shown in Figure 1 below.
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Figure 1: Structures of Compounds Identified from the LCMS Analyses
Quassin and blumol A are not phenolic compounds since there is no hydroxyl (-OH) group attached to
benzene ring.

4. Discussion

The four phenolic compounds (furocoumaric acid, liquiritin, isorhamnetin, and syringin) identified in this
present study (Table 5 and Figure 1) may have been found in A. conyzoides methanolic leaf extract. These
substances may have been produced by the plant to protect itself from fungi and other toxic chemicals
produced by microbes. It has been earlier reported by Adewale et al. [16] that Staphylococcus aureus,
Escherichia coli, and Clostridium perfringens were all susceptible to the antibacterial and antifungal
properties of the ethyl acetate extract of A. conyzoides. Thus, these phenolic compounds may have distinct
biochemical and medicinal effects they confer on the plant.

Furocoumarinic acid (also known as furocoumarinic acid glucoside) is a class of chemical compound
known as phenolic glycosides. It is a phenolic structure-attached aromatic heteropolycyclic molecule with
a glycosyl moiety. According to a survey of the literature, few plants have been documented to contain
furocoumarinic acid glucoside. For instance, the aqueous portion of Combretum micranthum leaf extract
was used by Ibrahim and Bashir [17]to identify furocoumarinic acid. To the best of our knowledge, it hasn't
been documented anywhere on the A conyzoides plant, though.
Liquiritin, on the other hand, is a flavanone glycoside with a glycosidic link to a f-D-glucopyranosyl
residue at position 4'. Monohydroxyflavanone is what it is. It is a sweet chemical with 200 times more
sweetness than sucrose. As a plant metabolite and anti-inflammatory, it serves a purpose. One of the main
components of Glycyrrhiza radix has been identified as liquiritin, which has a wide range of potential uses
in medicine and pharmacology, including the treatment of allergic reactions, cancer, coughing, and
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inflammation [18, 19]. Liquiritin is said to improve symptoms of rheumatoid arthritis (RA) by lowering
pro-inflammatory cytokines (IL-6) and inhibiting MAPK (mitogen-activated protein kinase) signaling,
according to Zhai et al. [20]. The primary flavonoid in licorice and Glycyrrhiza uralensi, liquiritin, has a
number of other pharmacological properties, including anti-inflammatory, antitussive, antiasthmatic,
analgesic, and neuroprotective actions [20].
Moreover, isorhamnetin is an o-methylated flavonol belonging to the flavonoid class. Pungent yellow or
red onions are a typical food source of this 3'-methoxylated derivative of quercetin and its glucoside
conjugates. Isorhamnetin is also abundant in pears, olive oil, wine, and tomato sauces [21]. Tyrosinase
inhibitors, anticoagulants, and metabolites are all functions of this substance. Isorhamnetin may function
as a powerful antioxidant that shields cells from harmful toxins (dangerous by-products of oxygen-related
processes), much like flavonols do. It has been reported to have antioxidant and antiviral properties, so it
is not only used as is but also comes in a variety of derivatized forms that can be turned into medications
to treat conditions brought on by oxidative stress and cancer-causing viruses [22]. This compound has a
wide range of biological effects, including anticancer effects [23, 24], neurological activity [4, 24],
cardiovascular protection [25, 26], anti-inflammatory activity [27, 24], hepatoprotective activity [28] and
antidiabetic effect [29]. Isorhamnetin's potential to scavenge free radicals, donate hydrogen atoms or
electrons, or bind metal cations may be the cause of its myriad biological functions. Its structural
characteristics, particularly the quantity and locations of hydroxyl groups and the types of substitutions on
aromatic rings, may also contribute to its capacity to inhibit free radicals, defending cells and organs from
degenerative illnesses like cancer, diabetes, and cardiovascular diseases.

Finally, Meillet first discovered the natural chemical component, syringin, in the lilac tree's (Syringa
vulgaris) bark in 1841 [30]. Since then, syringin has been discovered that it is widely dispersed among a
variety of plant species. Eleutherococcus senticosus (Siberian ginseng) contains eleutheroside B,
commonly known as eleutheroside. In addition, syringin is a phenolic glycoside of a monosaccharide
derivative where trans-sinapyl alcohol is glycosidically linked to a B-D-glucopyranosyl residue at position
1. According to Sundaram et al. [31], it might have anti-diabetic properties. It functions as a plant
metabolite and hepatoprotective agent.

The furocoumaric acid, liquiritin, isorhamnetin or syringin identified could be responsible for the anti-
diabetic and anti-oxidative effect of A. conyzoides methanolic leaf extract. Thus, the need to focus on these
phenolics for the purpose of new drug discovery in the treatment of diabetes mellitus.

Recommendation:

It is recommended that the phenolic compounds identified in this research be isolated, and subsequent in-
vitro and in-vivo experimentation to ascertain their anti-diabetic efficacy be carried out.

Limitations:

This research was limited to identification of phenolics from A. conyzoides methanolic leaf extract because
of paucity of fund; if not we would have taking it further through NMR spectroscopy for isolation of the
compounds.
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5. Conclusion

This study has demonstrated that the phenolic compounds- furocoumaric acid, liquiritin, isorhamnetin, and
syringin, are present in the ethyl acetate fraction of the methanol leaf extract of A. conyzoides. To the best
of our knowledge, this is the first time these phenolics were identified in A. conyzoides. Since free radicals
and oxidative species are known to exacerbate a number of diseases, including cardiovascular diseases,
diabetes, malignancies, and neurological disorders, these compounds, when isolated from A. conyzoides,
could be extensively used in the therapy and management of these conditions.

Significance Statement:

This study has discovered that ethyl acetate fraction of A. conyzoides methanolic leaf extract is a good
source of the phenolics- furocoumaric acid, liquiritin, isorhamnetin, and syringin. As a result of their ability
to protonate and donate electrons, these compounds when isolated from this plant could be a pathway to
the discovery of new drug candidate(s) for the treatment and management of diabetes, cardiovascular
diseases, cancer, and other radical aggravating illnesses. Also, being the first time these compounds were
identified from A. conyzoides (to the best of our knowledge), this will open further research opportunities
to carry out the in-silico, in-vitro and in-vivo experimentation on the pure fractions of this plant leaf extract.
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2. LCSM lon Chromatograms and Molecular Fragmentations of Samples 1-6
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Fig. S7: Total Chromatogram of Sample 1
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Fig. S8: Molecular fragmentation of Furocoumarinic acid 367.765 m/z
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Fig. S10: Molecular fragmentation of Furocoumarinic acid 367.565 m/z
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Fig. S11: Molecular fragmentation of Quassin 389.378 m/z
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Fig. S13: Molecular fragmentation of Isorhamnetin 319.062 m/z
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Fig. S16: Molecular fragmentation of Syringin 373.382 m/z
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Figure S18: Molecular fragmentation of Furocoumarinic acid 367.551 m/z
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Fig. S19: Molecular fragmentation of Quassin 389.846 m/z
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Fig. S21: Molecular fragmentation of Furocoumarinic acid 367.550 m/z



