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Abstract

The recipes of plants used in traditional medicine, prepared by
traditional practitioners and preserved in unpalatable conditions of
medicines, are in the majority void of scientific information. In order to

Published: October 2024 highlight the phytochemical composition of antidiabetic drugs used in

traditional congolese medicine, chemical analyses were carried out on
one of the beverages called "NGOSI," purchased from Congolese
traditional therapists. The results obtained showed the predominance of
polyphenols, sugars, flavonoids and triterpene glycosides in this recipe.
48 compounds were observed in this recipe, including 26 compounds
identified by CG/MS, 10 suggested compounds identified by
HPLC/MS and 12 non-identity compounds according to the databases
used. Some compounds present in this recipe, such as scopoletin, which
is proven to be antidiabetic, and vanillin, recognized as an antioxidant
capable of significantly reducing serum glucose and triglyceride levels
and increasing insulin levels, would justify the antidiabetic activity of
this recipe and its traditional use by the congolese population.
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Introduction:-

For millennia, plants have played a vital role in human health and well-being. In fact, more than 25% of drugs
prescribed in industrialized countries are derived directly or indirectly from plants. They contain a multitude of
bioactive substances including alkaloids, polyphenols, terpenes, and many other compounds that may have
beneficial effects on health (Newman, 2000; Leduc, 2006).

Faced with the insufficient coverage of health needs and limited access to essential medicines, the frequent use of
these medicinal plants and the satisfactory results on the treatment of diseases by these plants in the world,
particularly in Africa, still arouse a craze for scientific research to promote phytotherapy(Bouquet 1969;
Adjanohoum et al., 1979; Bouquet, A. 1972 ). Among these researches, there are those carried out on plants
known to be antidiabetic used in traditional African medicine.
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Indeed, diabetes is a disease that is currently a real public health problem. For example, it affects approximately 537
million people worldwide, including 6.7 million deaths recorded in 2021. According to the International Diabetes
Federation's estimate, this figure would exceed 592 million in 2035 (IDF, 2021).

In Congo, the prevalence of diabetes was estimated at 7% in 2015 according to the Diabaction Congo Association.
Diabetes is the leading cause of blindness, end-stage chronic renal failure and lower limb amputations in this
country (Angalla Affleck etal., 2023). However, modern and conventional treatments are very expensive, often
unavailable for long periods of time and not accessible to all social classes (Kirby, 1996).

To provide natural solutions in the management of diabetes, many people turn to alternative therapies, including
herbal treatments, which are effective in the long term. However, some traditional medicines used and well known
by the african population, congolese in particular, have little or no scientific data.

This is how we became interested in an antidiabetic remedy called the "NGOSI" recipe made up of six medicinal
plants. This recipe was developed by Mr. KHADET Daniel, a Congolese traditional practitioner and founder of
CENACLE (Center for Research and Treatment by Revealed Plants) recognized by the WHO and authorized by the
Ministry of Health in the Republic of Congo. "CENACLE" is located south of Brazzaville, (Bifouiti District,
Arrondissement 1 Makélékélé, Republic of Congo). A previous study conducted on this recipe confirmed its
effectiveness against diabetes, with a blood sugar reduction percentage of 68.03%. It revealed the presence of
polyphenols, sterols, terpenes, sugars and glycosides in this recipe (Koubakaet al., 2023).

In line with this work, we are continuing the investigation to identify the bioactive compounds and provide scientific
information on the chemical composition of this recipe, in order to justify its use by the congolese population.

In order to continue this work and provide scientific information on the chemical composition of this recipe to the
traditional practitioner, chromatographic and spectrophotometric analyses were carried out in order to detect the
compounds responsible for the biological activities of this traditional medicine.

Materials and Methods:-

Preparation of plant extract and its fractions

The extract used in this work was purchased and made up of 14 liters of the antidiabetic herbal tea (aquous extract)
of plants called "NGOSI" recipe prepared according to traditional methods at CENACLE. It was filtered and
concentrated to obtain an initial extract (K).

Selective liquid-liquid fractionation with solvents of increasing polarity (chloroform, methylethylketone MEC,
methanol, ethanol-water) was performed on the aquous extract KO and allowed to obtain respectively the fractions
K1, K2, K3, K4 after evaporation of the solvents. In addition, the fraction MEC1 was obtained directly by extraction
with MEC of theaquous extract (K0).

Chemical analyses of the extract

Phytochemical screening of recipe fractions

The different fractions obtained were subjected to screening by thin layer chromatography (TLC) following the
methods described in the literature (Merck, 1980). Silica TLC plates (60 F254, aluminum support, 20x20) as well
as the different eluents and developers were used to identify the different chemical metabolites.

GC/MS and HPLC/MS analysis of the recipe and its fractions

The initial extract of recipe K g and its fractions K 3 and MEC ; were analyzed by GC / MSand HPLC/MS. Thus, 1
mg of the sample to be analyzed was dissolved in 1000 pL of methanol, HPLC grade. The resulting solution was
then passed through a 0.45 um porosity filter. The sample conditions are summarized in Table 1.

Table 1:-Characteristics of devices and conditions of analysis by GC/MS and HPLC/MS of the recipe and its

fractions.
Types of Device Feature Analysis conditions
analysis
GC/MS Gas chromatography Column , 5% Phenylmethylsilox; 0 -325°C; 30m x 250pum x 0.25pum
(Agilent 7890B GC) Temperature Gradient
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- Initial temperature: 30°C maintained for 3 min
- Gradient: up to 320°C at a rate of 10°C/min
- Final temperature: 320°C maintained for 3 min
Injector: Split, 1 pL (T° 320 °C)
Mass Spectrometer Electron impact ionization
(MSD System-5977A) | Analyzer: simple quadrupole
Library: NIST
HPLC/MS Ultra-high pressure - Column type: C18, 130 A; 150 mm
liquid chromatography - Amount injected 5.0 uL
(Thermo ultimate - Elution solvent initial conditioning 7 min,
3000) WATER + HCOOH 0.1%
ACN + HCOOH 0.1%
- Speed
- column temperature 60°C
Mass spectrometer - ESI-HR lonization

Results and Discussion:-

Results:-

Highlighted the metabolites of the antidiabetic recipe

TLC screening revealed six major families of phytochemical compounds (fig. 1), namely terpenes, sterols,
polyphenols, saponins and glycosides, and sugars.

Thus, observation of the chromatograms (1, 2, 3A, 3B) of the fractions of the recipe revealed with antimony
chloride, Lieberman-Biichard and sulfuric vanillin show spots of violet, blue, green, red, yellow and purplish pink
colorations characteristic of the presence of terpenes, sterols, glycosides and saponins(fig. 1) (Harborne, 1998 ;
Wagner and Bladt, 1996).

Chromatograms 5 and 6 show spots of violet and blackish green color after revelation with sulfuric naphthol. These
spots, characteristic of sugars according to Wagner and Harborne, have frontal ratios coinciding with the glucose
and fructose controls. This information suggests the presence of soluble sugars in the recipe (fig. 1) (Wagner and
Bladt, 1996; Harborne, 1998).

The chromatographic profile (chromatogram 4), after revelation with NEU, shows yellow, orange-yellow, blue,
green, red and orange spots. These colours are characteristic of polyphenols (Wagner and Bladt, 1996; Harborne,
1998). The similarity of the colours of certain spots to those of the controls (Quercetin, Rutin and Kampferol) would
indicate that flavonoids are the majority subfamily of polyphenols present in the recipe. According to the Frontal
Report, Rutin or its derivatives could be present in this antidiabetic recipe.

Identification of compounds in the antidiabetic recipe

The chromatogram of the methanolic fraction K3 of the recipe obtained by GC/MS analyses reveals the presence of
several compounds, of which 25 compounds were identified (Fig. 2 and Table 2). The majority of these compounds
are multifunctional organic molecules with a dominance of phenolic compounds. Peaks 2, 3, 5, 6, 7, 8, 9, 13 and 14
correspond to compounds having a phenolic core; peaks 12, 15, 22 and 23 correspond to compounds having an ester
function and peaks 1 and 9 would correspond to compounds having an aldehyde function. The presence of alcohol
and ketone functions is also noted in some compounds identified (Table 2).

Furthermore, the chromatograms obtained by HPLC/MS analyses of the KO extract and the MEC1land K3 fractions
showrespectively 07, 13 and 6 peaks including 04 compounds presenting a similarity of retention times and
massesbetween the initial KO extract and the MECL1 fraction. A total of 22 compounds observed in the “NGOSI”
recipe (fig.3, 4, 5 and Table 3). According to the data on the ionic and molecular fragments of each compound in
negative and positive ion mode over a m/z range from 0 to 1500 amu, the 04 compounds contained in kO and MEC1
present mass spectra with superimposable fragments. Based on identical data, these 04 compounds could be
identical or racemic isomers.
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K3 K4

K2 K3 Q R K

Flgure 1:- Chromatograms observed on thin Iayer.
K1: Chloroform fraction, K2: MEC fraction, K3: Methanolic fraction, K4: Hydroethanolic fraction, F: Fructose, G:
Glucose, K: Kampferol, Q: Quercetin, R: Rutin.
: Observation: Visible, Developer: Sulfuric vanillin + heating, Eluent: AcCOEt/HCO,H/H,0 (8/1/1);
: Observation: Visible, Developer: SbCl; + heating, Eluent: AcOEt/HCO, H/H,0 (8/1/1);
: Observation: Visible (3A) and UV 365 nm (3B), Developer: Lieberman-Buchard, Eluent: C¢Hy4 /ACOEL (7/3);
: Observation: UV 365 nm, Developer: NEU, Eluent: CHCls/Acetone/MeOH (5/7/1);
: Observation: Visible, Developer: Naphthol-sulfuric + heating, Eluent: BuOH/Acetone/AcOH/H,0 (6/1/1/0.5);
: Observation: Visible, Developer: SbCl; + heating, Eluent: BuOH/Acetone/AcOH/H,0 (6/1/1/0.5).

OO WN -

The fragments (m/z = 113.00; m/z = 174.97; m/z = 242.98 and m/z = 248.98) are present in most molecules and
could be fragments of the basic structures common to all compounds detected in the recipe.
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Figure 2:-GC chromatograph of the K3 fraction of KO.

Table 2:-Compounds identified by GC/MS from the K3 fraction of KO.

No. | Tr (min) | Mass Raw Formula Compound identified
(g/mol)
1 12,727 132.16 CyHgO Cinnamaldehyde (2-Propenal, 3-phenyl)
2 14,810 122.12 C7H¢O; Benzaldehyde, 4-hydroxy-
3 15,239 152.15 | CgHgO; Vanillin
4 15,486 162.20 C1oH100, 4,7-Methano-1H-indene-1,8-dione, 3a,4,7,7a-tetrahydro-
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2 5315,830 136.15 CgHgO, Acetophenone, 4'-hydroxy-

6 16,345 166.17 CyH1003 Ethanone, 1-(3-hydroxy-4-methoxyphenyl)

7 16,656 220.35 Ci5H240 ButylatedHydroxytoluene

8 16,796 162.18 C1oH100, Benzaldehyde, 2-hydroxy-3-(2-propenyl)-

9 17,505 180.20 C1oH1205 4-Ethoxy-3-anisaldehyde

10 | 17,945 192.30 C13H»03 1- Oxaspiro[4.5]deca-3,6-diene, 2,6,10,10-tetramethyl

11 | 18,170 210.31 Cy3H,,0, 2-Cyclohexen-1-one, 4-(3-hydroxybutyl) -3,5,5-trimethyl-

12 | 18,320 238.36 C15H260, Geranylisovalerate

13 | 18,385 182.17 CoH1004 Benzaldehyde, 4-hydroxy-3,5-dimethoxy

14 | 19,555 234.33 C15H2,0, 3,5-di-tert-Butyl-4-hydroxybenzaldehyde

15 | 19,598 238.32 Ci14H,,04 Acetic acid, 2-(2,2,6-trimethyl-7-oxa-bicyclo[4.1.0]hept-1-yl)-
propenylester

16 | 19,845 199.17 CsHg N;O, Pyrimidine, 2,4-dihydrazino-5-nitro-6-methyl

17 | 20,081 210.17 CyHgF;NO, 3-Amino-3-(2,4-difluoro-phenyl)-propionic acid

18 | 20,167 224.30 Ci3H,003 2-Heptanone, 6-(3-acetyl-1-cyclopropen-1-yl)-3-hydroxy-6-
methyl-, (R*,R*)

19 | 21,530 192.16 C10HgO4 Scopoletin (coumarin derivative)

20 | 21,843 360.35 C17H,,05 2-H-Cyclohepta[b]furan-2-one,  6-[1-(acetyloxy)-3-oxobutyl]-
3,3a,4,7,8,8a-hexahydro-7-methyl-3-methylene-

21 | 22,346 264.32 Ci5H2004 Abscisic acid (phytohormones)

22 | 23,302 350.40 C19H,604 Propanoic acid, 2-methyl-,dodecahydro-6a-hydroxy-9a-methyl-
3-methylene-2,9-dioxoazuleno[4,5-b]furan-6-yl)methyl ester,
3aS-(3a.alp)

23 | 26,544 436.60 Cy6H1405 Ethyl iso-allocholate

24 | 28,691 548.60 CogH3011 H-Cyclopropa[3,4]benz[1,2-e]azulen-5-ong, 3,9,9a-
tris(acetyloxy)-3-[(acetyloxy)methyl]-2-chloro-1,1a,
1b,2,3,4,4a,7a,7b,8,9,9a-dodecahy

25 | 30,312 787.1 C4sHgsNOgP 3,5,9-Trioxa-5-phosphaheptacos-18-en-1-aminium, 4-hydroxy-
N,N,N-trimethyl-10-oxo-7-[(1-0x0-9-octadecenyl)oxy] -
hydroxide, inner salt

26 | 32,996 548.6 CogH3011 5H-Cyclopropa[3,4]benz[1,2-e]azulen-5-one, 3,9,9a-
tris(acetyloxy)-3-[(acetyloxy)methyl]-2-chloro-1,1a
,1b,2,3,4,4a,7a,7b,8,9,9a-dodecahy
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Figure 1:-HPLC chromatograph of the KO extract.
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Figure 4:- HPLC chromatograph of the MEC1 fraction of KO.
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Figure 5:- HPLC chromatograph of the K3 fraction of KO.

Table 3:-Attempted identification by HPLC/MS of compounds observed in KO, K3 and MEC1.

T Teea Dl

No. g—nrﬂn) m/z Other important m/z fragments Ko MEC; | K3 | Identification attempt (*)
il 2.1 459,1516 248.9859; 174.9794; 113.0018 - + - NI

2 2.7 577,1964 242.9726; 174.9789; 113.0016 + + - Sitosterylglucoside

3 2.8 174.9775 242.9677; 113.0000; 623.2400 - + - NI

4 3.0 137,0400 174.9758; 248.9962 - + - Tyrosol

5 3.6 397,1370 242.9718; 174.9810; 113.0042 + + - Sitosterol

6 3.9 397,1384 242.9803; 174.9849; 113.0041 + + - Sitosterol

7 45 373,2227 242.9734, 113.0015 - + - NI

8 4.8 311,2054 174.9838; 113.0044 + - - Citrostadienylaglycone
9 4.8 277,1757 242,9732; 174,9788, 113,0016 - + - NI

10 | 5.1 325,2241 248.9933; 174.9833, 113.0044 + - - NI

11 | 5.6 339,2374 248.9932; 174.9799; 113.0042 + - - Esculin

12 5.9 249,1768 174.9767; 113.0027 - + - NI

13 | 6.0 311,2335 248.9854; 174.9779; 113.0022 - + - NI

14 7.1 353,2879 248.9923; 113.0017 - + - NI

15 | 7.3 433,3142 248.9897; 113.0024 - + - NI

16 | 9.1 134.8855 174.0000; 242.9699 + + - NI

17 | 6.9 282,2895 304,2723; 378,3105; 457,3677 - - + NI

18 | 7.3 406,3392 384.3598; 338.3534 - - + NI

19 | 8.3 427,3871 437.2466; 344.7982 - - + Citrostadienol
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20 | 84 663,4730 495,3759 - - + PJS-1 sapogenin
?1 | 8.9 547,4110 569,3950 - - + Cholesterylglucoside
22 |91 547,4128 392,2270; 437,2245; 613,3621 - - + Cholesterylglucoside

Present: +, Absent: -, Not identified: NI,Identified according to the bibliography: (*)

Discussion:-

The highlighting by TLC of the different families of compounds made it possible to establish a qualitative
phytochemical profile (terpenes, sterols, polyphenols, saponins, glycosides and sugars) of the recipe (Figure 1). This
profile is in agreement with the results obtained in GC and HPLC. Because, the methanolic fraction K3 rich in polar
compounds observed in TLC showed multifunctional compounds in GC and HPLC with very high molecular
weights.

GC/MS analysis of the recipe shows that the recipe contains compounds of plant origin including vanillin isolated
from Vanilla planifoliaBD Jacks.(Known to have antioxidant effects), Scopoletin isolated from
ScopoliacarnolicaJacks. (plant with multiple pharmacological properties), abscisic acid which is a phytohormone
allowing plants to fight against their environmental stress and ethyl-iso-allocholate which is present in the leaves of
SesamumradiatumL. (Demarne F, 1996 ; Rollinger et al., 2004 ; Koussa et al., 2002). However, ethyl-iso-
allocholate is a derivative of a bile acid (cholic acid) of animal origin and its presence in this recipe could be
justified by exposure of the plants to animal waste or also the presence of an animal organ in the recipe (Singh J et
al., 2019). According to the bibliography, some compounds present in this recipe have not yet been identified in the
plant world; but, may be derived from molecules present in plants (Cinnamaldehyde (2-Propenal, 3-phenyl);
Benzaldehyde, 4-hydroxy-; 4,7-Methano-1H-indene-1,8-dione, 3a,4,7,7a-tetrahydro-; Acetophenone, 4'-hydroxy-;
Ethanone, 1-(3-hydroxy-4-methoxyphenyl); Benzaldehyde, 2-hydroxy-3-(2-propenyl)-; Benzaldehyde, 4-hydroxy-
3,5-dimethoxy; etc) or could be the result of an interaction of phytocompounds (4-Ethoxy-3-anisaldehyde; 1-
Oxaspiro[4.5]deca-3,6-diene, 2,6,10,10-tetramethyl; 2-Cyclohexen-1-one, 4-(3-hydroxybutyl)-3,5,5-trimethyl-; 3,5-
di-tert-Butyl-4-hydroxybenzaldehyde; Geranylisovalerate; etc) , (Kumar et al., 2018; Lila MA and Raskin 1.,
2005; Li R et al., 2022).

HPLC/MS analysis of the fractions in KO, K3 and MEC1 from this antidiabetic recipe did not identify any
compounds according to the database used. However, the retention times and peaks of the molecular masses and
fragments obtained from these analyses allowed us to suppose some structures of the compounds published and
recognized in the literature.The flavonoids, triterpene sterols and sugars contained in this recipe and revealed by
TLC, would have a structural variability due to the shape of the skeleton, the presence of substituents and the
hydroxyl function. Which would make it difficult to validate any peak to a molecule already scientifically
recognized (Ma R et al., 2020).

Therefore, the fragmentation patterns of mass spectrometry are theoretically varied depending on the
instrumentation used. Several authors have reported that the main fragmentation pathways of flavonoids and sterols
are apparently independent of the ionization mode (ESI, APCI or MALDI) or the types of analyzers used (triQ, IT or
QTOF) (Domon B. & Costello C E., 1988).

Based on the results obtained from TLC and mass spectroscopy, the compounds contained in the recipe could have

structures corresponding to the observed fragments. Therefore, a proposal of some compounds observed by

HPLC/MS was made on this basis (Table 3). There is therefore a possibility of fragmentation of the triterpene

sterols of this recipe as represented by fragmentation a ( fig.6 ), thus giving the fragment m/z = 113 which could

correspond to the smallest fragment encountered in all the analyzed extracts, the fragment m/z = 173 would

correspond to a fragment having lost a hydrogen m/z = [174 - H] °, the fragment m/z = 242 could correspond to the

fragment having lost a methyl group m/z = [257- CH3] ~of fragmentation b ( fig.6 ) (Rossmann et al., 2007 ; Hailat

1A, 2014) .

- Peak 2 would correspond to Sitosterylglucoside with molecular weight M = 578 characterized by its molecular
ion [M - H] “having lost a hydrogen atom (m/z = 577) (Munger et al., 2018).

- Peak 3 could correspond to Tyrosol with molecular weight M = 138, characterized by its molecular ion [M -
H] having lost a hydrogen atom (m/z = 137) (Olmo-Garciaet al., 2018).

- Peaks 5 and 6 of molecular ion m/z = 397.14 could correspond to the basic structure of triterpene sterols, the
most stable ion of Sitosterol (Mungeret al., 2018).
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- Molecular ion peak 8 m/z = 311.2054 would correspond to a stable ion that is formed during the fragmentation
of the aglycone of Citrostadienylglucoside (Mungeretal., 2018).

- Peak 11 could correspond to Esculsin with molecular weight M = 340 whose molecular ion [M - H] " is
represented by the fragment m/z = 339 (Olmo-Garciaetal., 2018).

- Peak 19 could correspond to Citrostadienol with molecular weight M = 426 characterized by an ion [M + H] *
having acquired a hydrogen (m/z = 427) (Mingeretal., 2018).

- Peak 20 could correspond to PJS-1 Sapogenin with molecular weight M = 617 whose precursor ion [M +
HCOOH] *; which is represented by m/z = 663 (Li et al., 2010).

- Peaks 21 and 22 could correspond to a single compound or a group of isomers of Cholesterylglucoside with
molecular weight M = 546 characterized by the molecular ion [M + H] *having gained a hydrogen atom (m/z =
547) (Mingeret al., 2018).

The plant metabolites identified in this antidiabetic recipe may be responsible for the biological properties of the
latter. Because, polyphenols are capable of producing a hypoglycemic effect by increasing the uptake of glucose by
peripheral tissues, flavonoids control certain disorders associated with diabetes and certain sugars promote the
stimulation of insulin secretion (Chattopadhyay, 1999; Bonnefont-Rousselot et al., 2000). In addition, sterols and
triterpenes are endowed with anti-inflammatory property that could be used to prevent inflammation in diabetics
(Bruneton, 1999).

This antidiabetic activity of the recipe is due to the presence of its identified antidiabetic compounds (Scopoletin and
Vanillin), supposed (Sitosterol and its derivatives) or by the synergy of these latter.

Indeed, in a streptozotocin (STZ)-induced diabetic rat model, scopoletin showed hypoglycemic and hypolipidemic
effects (Verma et al., 2013; Al-Zuaidyet al., 2016).This molecule improves hyperglycemia and hepatic steatosis as
well as postprandial glycemia by inhibiting the activity of carbohydrate digestive enzymes (a-glucosidase and a-
amylase) in diabetic mice (Choi et al., 2017; Jang et al., 2018).

Vanillin, a powerful antioxidant acting on oxidative stress, contributes to the treatment of diabetes. Because, it
significantly decreases serum glucose and triglyceride levels and increases insulin level in diabetic rats. In addition,
vanillin improves liver and kidney functions, and attenuates histopathologicalchanges in the pancreas (Lu et al.,
2019).

Sitosterol plays a key role in cholesterol regulation in diabetic patients (Scheen and Radermecker, 2009). In
addition, several sterols identified and isolated from plants have shown hypoglycemic activity on diabetic rats; such
is the case of charantin, a triterpene sterol isolated from the Momordicacharantial. tested on the animal model and
showed an antidiabetic effect (Singh et al., 2012).

The presence of compounds with antidiabetic properties in this recipe could be a justification for its use for the

treatment of diabetes and the results observed by Koubakaet al. (2023). This recipe would be beneficial in the
management of certain disorders associated with diabetes
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Fragmentation b
Figure 6:-Fragmentation of triterpene sterols.

Fragmentation a

Conclusion:-

In order to shed light on the phytochemical composition of traditional medicines treating diabetes in the Republic of
Congo, chemical analyses were carried out on one of the beverages called "NGOSI" purchased from congolese
traditional practitioners. The results obtained show that the recipe contains polyphenols, sugars, flavonoid and
triterpene glycosides. 48 compounds were observed in this recipe including 26 compounds identified by CG/MS, 10
suggested compounds identified by HPLC/MS and 12 non-identity compounds according to the databases used.
Scopoletin and vanillin are proven compounds with antidiabetic properties and identified in this recipe. This work
provides a phytochemical contribution to the scientific knowledge of the plant recipe and allows us to better
understand the pharmacodynamicproperties of this traditional congolese medicine. It would therefore be very
interesting to exploit the data and further deepen scientific studies on this medicine to validate the active ingredients
responsible for its pharmacological properties.
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