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Abstract

Diabetes is a major health issue in Ivory Coast. Traditional remedies, often made from plants, are used to treat this condition.
However, the chemical composition of these remedies and their ability to fight free radicals remain poorly understood. This
study aims to evaluate antioxidant activity by DPPH and ABTS tests, to identify the families of compounds present in the
extracts by infrared and to carry out a chemical study by HPLC-ESI-QTOF-MS/ MS for the traditional medicine Mchim. All
three extracts exhibit significant free radical scavenging activity, with an inhibitory concentration at 50% (ICso) of 2.01+ 0.017
mg/ mL for the PN extract, 0.12 £ 0.02 mg/mL for the Mchim extract, and 0.097 + 0.005 mg/ mL for Mchim2. At a
concentration of 1.59 uM Trolox eq, the Mchim extract inhibited 50.89% of the Abts radical. The amount of polyphenols is
higher in the Mchim extract ( 7.67 + 0.28 mg GAE/g) compared to the PN extract ( 0.67 + 0.28 mg GAE/g). HPLC-ESI-
QTOF-MS/MS analysis revealed the presence of N1-acetylspermin in Mchim. Research shows that these traditional medicines
possess antioxidant activities. which could explain their use in the treatment of diabetes.
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Introduction Materials and methods

Diabetes is a chronic condition that occurs when the 1. Plant material

pancreas does not produce enough insulin or when the body PN

fails to effectively use the insulin produced (WHO, 2015). The plant material is composed of:

Currently, this disease is classified as a pandemic by the The PN powder was purchased from a manufactured goods
World Health Organization (WHO). It is among the most herbalist located in the district of Korhogo in the North of
common non-communicable diseases worldwide, with Ivory Coast in December 2023. According to the herbalist,
approximately 463 million people affected in 2019 (FID, this powder is mainly made up of the fruits of Ficus vallis-
2019). Expenditure related to diabetes in Africa is choudae.

considerable, reaching approximately 23% of the total The phytomedicine Mchim is a liquid remedy made from
health budget (FID, 2019) ['2], In Cbte d' Ivoire, diabetes is a plant extracts. It is primarily composed of Chrysanthellum.
major public health issue due to its high prevalence (6.2%), indicum, of dark green colour coded Mchim. It was bought
which equates to 700,000 individuals affected in the in Korhogo. o o

population (AIP, 2019). The phytomedicine Mchim2 is a liquid remedy based on

extracts of Cnestis leaves ferruginea, Anogeissus leiocarpus
And of Aloe vera. It was purchased from a traditional
medicine practitioner in January 2024 in the city of Korhogo

Diabetes treatments are expensive for these low - resource
populations. These high costs, along with the distance to
healthcare facilities for some people who struggle to access
modern medications, are pushing patients to turn to
traditional medicines. In this context, the WHO encourages
intensified research into avenues that also include traditional
treatments based on medicinal plants.

In the city of Korhogo, located in northern Ivory Coast,
herbal treatments such as PN, Mchim and Mchim2 are
available to people with diabetes. The manufacturers of
these remedies claim they may help regulate blood sugar

2. Methods

Mchim and Mcim2 powder

The PN powder was weighed and carefully placed in a
container. It was subsequently used for various chemical
tests. Mchim and Mchim?2 in liquid form were incubated for
24 hours at a temperature of 50 °C. The resulting extracts
were used to perform our various analyses.

levels. However, little scientific data exists to confirm their 3. Antioxidant activities

chemical composition and antioxidant activity. It is within DPPH Method

this framework that this research was conducted with the To measure the antioxidant potential of the extracts, the
aim of identifying the bonds of families of phytochemical method proposed by N' guessan et al, (2025 b) was
compounds by infrared and finally to evaluate the adopted. DPPH is dissolved in pure ethanol to create a 0.3
antioxidant activity as well as the structure of a molecule mg/ mL solution. The various concentrations (2 mg/ mL, 1
present in the extract from Mchim by mass spectrometry. mg/ mL, 0.5 mg/ mL, 0.25 mg/ mL, 0.125 mg/ mL and
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0.0625 mg/ mL ) of the extract are prepared in pure ethanol.
In sterile, dry tubes, 2.5 mL of plant extract is mixed with 1
mL of the DPPH solution. After shaking, the tubes are
placed in a dark place for thirty minutes. Next, the
absorbance of the mixture is measured at 517 nm, using as a
blank a solution composed of 2.5 mL of pure ethanol and 1
mL of DPPH. Vitamin C (ascorbic acid ) serves as a
positive control. The following formula is used to determine
the percentages of DPPH:

1(%) = (Av - Ac) / Apx 100

I: Percentage of inhibition; A <susb</sub> : Absorbance of the
blank; A <sup=e</sub> : Absorbance of the sample

The concentrations to capture 50% (ICso) of DPPH. are
determined on the graphs illustrating the percentage of
DPPH inhibition as a function of extract or vitamin C
concentrations.

ABTS Method: the ABTS radical-cation * (2,2-azinobis-
3-ethylbenzothiazoline-6-sulfonic acid)

This method is based on the ability of substances to reduce
the ABTS+ radical cation (2,2-azinobis-3-
ethylbenzothiazoline-6-sulfonic acid). The experiment was
carried out according to the protocol established by Choong
et al., 2007 . The ABTS+ radical cation was generated by
a reaction between 8 mM ABTS (87.7 mg dissolved in 20
mL of distilled water) and 3 mM potassium persulfate
(0.0162 g dissolved in 20 mL of distilled water), in a ratio of
1: 1 (v/v). Subsequently, the mixture was placed in the dark
at room temperature for 12 to 16 hours. This ABTS+
solution was then diluted with methanol to obtain a solution
with an absorbance of 0.7+0.02 at 734 nm. Indeed, a 3.9 mL
sample of this diluted ABTS+ solution was combined with
100 pL of the compound to be evaluated. After mixing, the
mixture was incubated in the dark for 6 minutes
(T=30+2°C). Subsequently, the residual absorbance of the
ABTS+° radical was measured at 734 nm using a UV-
visible spectrophotometer, and this value is expected to be
between 20% and 80% of the absorbance of the blank. The
measurements were carried out in triplicate, and the results
were expressed in umol of Trolox equivalent per liter of
extract (umol TE/L). From the following concentrations : 0-
3. 75-5-6. 25-10-11. 25-12. 5-13. 75-15 of Trolox, a
calibration curve was created. The calculation of the
inhibition rate (%I) of ABTS+ is established by the
following formula:

% I=[(A o— ADS extracted ) / A 0] x 100

A o= absorbance ABTS dilute,

Extracted ABS = absorbance of diluted ABTS + sample

The resulting straight line allowed us to express the
antioxidant activity of the different extracts as follows:
Concentration or antioxidant activity (uM eqTrolox) = (%I
x fd)/ (4.99 x 10)

Fd : dilution factor

Extract concentration before dilution = 10 mg/mL

Infrared (IR) Spectroscopy

The concept of infrared spectroscopy is based on the
absorption of light by most molecules in the infrared region
of the electromagnetic spectrum, which results in molecular
vibrations. This method is used to identify the nature of
chemical bonds as well as the different functions present
within a molecule. Infrared spectra were obtained using a
Perkin Elmer Spectrum 2 instrument. 2 mg samples were
prepared by dissolving them in methanol, then the solvent
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was removed to create a homogeneous film on the cell.
Information was collected over a frequency range of 400
cm™! to 4000 cm™ using Spectrum 2 software. ( Johnny et
al., 2021).

Mass Spectrometry (HPLC-ESI-QTOF-MS/MS)

The recently developed HPLC-ESI-Q-TOF-MS system has

become an essential tool for examining complex systems of

chemical substances ( Han et al., 2012 I'41), This device

combines different analytical methods:

= HPLC provides a fast and efficient approach for the
analysis of samples and the separation of their
constituent elements.

= ESI spectrometry: is a soft ionization method capable of
generating both protonated and deprotonated ions. It
generally gives the maximum of the ionic peak. This is
a particularly useful technique for determining the mass
of heavy molecules.

= The Q-TOF-MS technique offers high-resolution mass
spectrometry and allows confirmation of the elemental
composition of parent ions as well as that of ionic
fragments (Quirantes ef al., 2013).

Results and discussion

1. Results

Infrared Spectroscopy

Mchim 's IR spectrum

In the infrared spectrum of the Mchim extract, visible
absorption bands can be noted at 3307.3 cm™! (OH); 2929.2
cm ' (CH); 1597.9 cm "' (NH); 1374 cm *! (OH); 1019.2 cm -
' (CO) and 706.5 cm ' (CH aromatic) (Figure 1). The
evaluation of the measurements reveals the presence of
sterols (OH), polyphenols (OH), alkaloids (NH) as well as
tannins (OH; CO).
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Fig 1: Mchim IR spectrum

1. Antioxidant activity

Antiradical activity by the DPPH method

When a DPPH solution is combined with a substance
capable of releasing a hydrogen atom, this interaction
produces the reduced form which has a still observable
yellowish color of the picryl group. This technique was
implemented to measure the antiradical potential of the
extracts. The results concerning the antiradical capacity of
the PN and Mchim and Mchim?2 extracts, analyzed using the
DPPH test, are presented as a percentage of inhibition (1%)
of the DPPH radical by the extracts, and these data are
illustrated graphically (1% as a function of concentration).



Ascorbic acid (Vitamin C) serves as a reference antioxidant.
The concentration capable of neutralizing 50% of the DPPH
radical (ICsp) is 0.04 £ 0.00 mg/mL for ascorbic acid
(vitamin C). We therefore note that the extracts PN (2.01 +
0.017), Mchim (0.12 £ 0.02 mg/ mL) and Mchim2 (0.097 +
0.005 mg/ mL) exhibit significant antiradical activities
compared to the reference molecule, vitamin C (ICso = 0.04
+ 0.00 mg/ mL) (Table 1).

Table 1: Antiradical activity of extracts tested by DPPH

PN
2.01+0.017

Mchim
0.12+0.02

Extract
IC s0in mg/ mL

Mchim?2
0.097+0.005

Vitamin C
0.04+0.00

Evaluation of antioxidant capacity using the ABTS
method.

The technique Abts relies on the ability of an antioxidant to
stabilize the blue-green cationic radical Abts+ by
transforming it into 1S Abts +, by ¢@Wrine 3 proton thanks
to the antioxidant. We applied this method to evaluate the
analyzed extracts. The antioxidant capacity of the extracts
examined shows variations. In light of these observations, it
appears that the extract Mchim consistently possesses the
strongest antioxidant capacity. Compared with previous
methods, it is evident that the Mchim2 extract displays a
relatively low antioxidant capacity ( Figure 2 ).
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Fig 2: Percentage of inhibition and antioxidant capacity of extracts by the Abts test

Mass spectrometry (HPLC-ESI-QTOF-MS/MS) of the
Mchim extract

The examined Mchim extract possesses good antioxidant
properties. In order to identify and understand the major
compounds present in the extract, a dereplicative approach
based on the coupling of High-Performance Liquid
Chromatography (HPLC) with Quadrupole Time-of-Flight
(Q/TOF) tandem mass spectrometry was implemented.

Mass spectrometry analysis revealed the presence of N1-

acetylspermine in the Mchim extract (Figure 3).

The MS chromatographic profile, which shows the
molecular ion at m/z : 245 and the fragments resulting from
the collision-induced dissociation of this ion, is obtained
from the fragmentation spectrum of the compound.
Examination of this spectrum reveals the presence of main
ion fragments at m/z : 185 [M+H-60 |, m /z : 172 [M+H-73],
m/z : 128 [M+H-117], m/z : 112 [M+H-133] and m/z : 99
[M+H-146].
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Fig 3: Mode of N1-acetylspermin fragmentation
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Discussion

Chrysanthellum indicum is a medicinal plant that contains a
large number of flavonoids and saponosides (Cissé et al.,
2019). This composition allows it to have positive effects on
the blood system. It helps to alleviate the feeling of heavy
legs and supports the liver after overindulging in food
(Honoré-Thorez, 1985) 1161 In Burkina Faso, this plant is
recognized for its antioxidant benefits, and recent research
has revealed that it is used to treat kidney conditions caused
by oxidative stress (Guenne et al., 2012) 131, Other research
has shown that its extracts are used to combat cystic stones,
venous insufficiency and circulatory disorders in the lower
limbs (Mevy et al., 2012) 26,

Extraction methanolic from the root of Cnestis ferruginea
possesses analgesic and anti-inflammatory properties,
probably through peripheral and central mechanisms that
involve the inhibition of the release and/or action of
vasoactive substances such as histamine, serotonin, kinins
and prostaglandins. This plant contains glycosidic
anthraquinones, sterols, phenolic compounds, tannins,
alkaloids, saponins and flavonoids, and is considered non -
toxic (Ishola et al., 2011) 171,

Anogeissus leiocarpus It contains alkaloids, glycosides,
phenols, steroids, tannins, ellagic acids, anthraquinones,
saponins, and flavonoids (Mann et al., 2008) 24, This plant
possesses antioxidant, antiangiogenic, and antitumor
properties and is used against colon cancer (Hassana ef al.,
2018) 51, Its leaves are used in Nigeria and Guinea as an
antimalarial (Adjanohoun ef al., 1991, Bhat et al., 1990) [
4. A. leiocarpus also possesses antiprotozoal and
antileishmanial properties (Attioua et al., 2011) 3,

Aloe Vera is a plant antibacterial, antiviral, anticancer,
immunoregulatory hepatoprotective (Gao et al., 2019)[13]
Leaves of Ficus vallis-choudae has antidiabetic properties
(Kolefer et al., 2021) 211 and the bark of its trunk possesses
antiplasmodial properties (Chouna et al., 2022) 7,
Polyphenols also play a role in assimilation and the fight
against free radicals, single oxygen and the degradation of
peroxides ( Conte et al., 2003) [,

These compounds have beneficial effects on brain
degeneration as well as anti-inflammatory properties (Vergé
et al., 1999) ¥, As for flavonoids, they have the ability to
influence the action of certain enzymes and to change the
functioning of various cellular systems, which suggests that
they may have many biological properties, including
significant antioxidant, vasculoprotective, antihepatotoxic,
antiallergic, anti-inflammatory, anti-ulcer, antitumor
(Ghedira, 2005) and antimicrobial ( Cushnie et al., 2005) ['1]
properties.

Antioxidants can be beneficial to the body. Recent research
has revealed that there may be variations in the assessment
of a product 's antioxidant activity depending on the method
used (Schlesier et al., 2002; Nsimba et al., 2008) 237, To
evaluate the antioxidant activity of our extracts, we
therefore use two approaches : DPPH and ABTS. The two
techniques used to measure the antioxidant activities of our
extracts allowed us to better appreciate Our results.
Polyphenolic compounds possess biological activities (anti-
inflammatory, anti- carcinogenic, and anti-atherosclerotic).
These activities may be linked to antioxidant activity
(Chung et al., 1998) Bl A daily diet rich in fruits and
vegetables, containing a minimum of 1g of polyphenolic
compounds, could have inhibitory effects on mutagenesis
and carcinogenesis in the body (Tanaka ef al., 1998).
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Mass spectrometry analysis allowed us to understand the
structure of the N1-acetylspermine molecule in the Mchim
extract.

N1-acetylspermine represents a variant of the polyamines.
These compounds, such as spermidine and spermine, could
influence diabetes, both in terms of its formation and
progression, and could also play a role in its prevention.
Abnormal concentrations of polyamines in the beta cells of
the pancreas, which are responsible for insulin production,
could disrupt the release of this hormone and be a
contributing factor to diabetes. Research also shows that
variations in polyamine levels could affect the immune
response related to type 1 diabetes. This substance could be
involved in the treatment of various conditions such as
cancer, kidney disease, strokes, and neurological disorders (
Ramos-Molina et al., 2018; Casero). et al., 2018) [5 34,
Consequently, it could stimulate long-term insulin release
(Sjoholm, 1993) B381. However, several studies conducted on
obese animal models have recently revealed abnormal levels
of polyamines in the liver (Kwak et al., 2015; Yun et al.,
2013) 2% 431 adipose tissue ( Jamdar et al., 1996 81, urine
(Pelantova et al., 2016) 32 and pancreatic islets (Sjoholm et
al., 2001) 9. Consequently, N1-acetylspermin (exogenous
spermin) has proven effective in reducing body weight and
fasting blood glucose, and has also been shown to improve

glucose tolerance in obese mice (Sadasivan). et al, 2014)
[35]
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Conclusion

Studies indicate that the extracts have better free radical
scavenging activity compared to vitamin C, considered the
reference molecule, which has an IC50 of 0.04 £ 0.00 mg/
mL. The study by HPLC-ESI-QTOF-MS/MS of the extract
from MChim enabled the identification of NI-
acetylspermine. The results obtained suggest that the
frequent use of these drugs in the traditional treatment of
diabetes could be attributed to their antioxidant activity.
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