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ISOLATION, CHARACTERIZATION AND EVALUATION OF THE
ANTIOXIDANT POTENTIAL OF DIFFERENT EXTRACTS AND BIOMOLECULES
OF THE ROOTS OF PAULLINIA PINNATA (Sapindaceae)

Abstract

Cardiovascular diseases, which are now among the leading causes of death in the world, are
increasingly prompting the search for new antioxidant remedies. It is in this context that the
chemical study and evaluation of the antioxidant potential of the different extracts of
Paullinia pinnata (Sapindaceae), a plant used in the traditional treatment of cardiovascular
diseases was carried out. The assessment of antioxidant potential was carried out by the
ABTS free radical scavenging method. Phytochemical study of extracts (ethyl and aqueous
acetate) of Paullinia pinnata roots isolated epicatechin, laproanthocyanidin A-2, epicatechin-
(2p—0—7, 4p—8)-epicatechin-(4p—8)-epicatechin (cinnamtannin B-1) and O-B-D-
glucopyranosyloxy-4-methyl-2(5H)-furanone. These compounds were first isolated from the
genus Paullinia pinnata from Cote d'Ivoire. Their structures are elucidated by spectroscopic
analyses (NMR and MS) in comparison with data from the literature.
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1. Introduction :

Cardiovascular diseases, a set of disorders affecting the heart and blood vessels, are
responsible for many public health problems and are now among the leading causes of death
in the world." To address this problem, World Health Organization (WHO) encourages
African countries to develop regional strategies that take into account traditional medicine, in
order to undertake research on medicinal plants and promote their optimal uses in health care
delivery systems.? Medicinal plants have always been an essential source for the discovery of
new medicines.® Indeed, they contain compounds with pharmacological properties
(antioxidant, hypertensive, antidiabetic etc ...) that act directly on the body* and provide
appreciable healing effects that no synthetic and combinatorial chemistry can offer us. As a
result, new antioxidant molecules of natural origin are sought® for the prevention and
treatment of cardiovascular diseases.® It is in this context that a recent study carried out on
plants with cardiovascular properties in Cote d'lvoire showed that Paullinia pinnata possessed

good antioxidant activity and a high content of total polyphenol.® Given the many therapeutic



virtues of Paullinia pinnata,”®°*°

it is important to deepen phytochemical studies. The
present study aims on the one hand to isolate and characterize biomolecules extracts of the
roots of Paullinia pinnata from Cote d'lvoire and on the other hand to evaluate the antioxidant
potential by the method of scavenging free radicals of ABTS of the different extracts and

biomolecules isolated in order to justify its use in traditional medicine.
2-Methods
2-1-Collection and preparation of plant material

Root bark of Paullinia pinnata (figure 1) was collected in Adiapodoume (southern Ivory
Coast) in November 2019. They have been identified and authenticated by Mr. TEHE in
comparison with herbaria available (N0O85 DOUGOUNE 2006) at the National Center for
Agronomic Research located in Adiopodoumé (lvory Coast). The bark was air dried at 25°C
in the laboratory for 21 days in the absence of light. The dried barkwas pulverized using a

shredder. The resulting shreds are preserved at 10°C until further use.

Figure 1 : Paullinia pinnata

2.2. Extraction

500 g of Paullinia pinnata root bark powder is macerated in 1500 mL of methanol (100%
MeOH) under continuous shaking for 24 h. The operation is repeated 3 times with the same
pomace. After filtration, the extracts obtained are brought together and concentrated at 40°C
in the rotary evaporator. The residue obtained is then taken up with aqueous methanol (10%
MeOH). The solution obtained is successively extracted with hexane (3 x 100 mL),
dichloromethane (3 x 100 mL) and ethyl acetate (3 x 100 mL). Then, on the residual aqueous

extract (2g) was performed a reduced pressure chromatography (CCV) on normal silica, using
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the CHCI3/MeOH gradient (100:0— 0:100). The various organic fractions are concentrated in
the rotary evaporator under reduced pressure and stored in the refrigerator.

2.3. Isolation and characterization

For fractionation, the crude ethyl acetate extract (310 mg), was subjected to silica gel column
chromatography. Ethyl acetate (CH3C(O)OC,Hs) with two to three drops of formic acid
(HCO2H) and an increasing polarity gradient CH3C(O)OC;Hs/MeOH in the ratio (95/5—
90/10), were used as eluents.. Four fractions (F1 to F4) were collected. Based on their CCM
profiles, the F1 fraction was selected to be purified. The purification of the F1 fraction was
done on the gel column of Sephadex LH-20 using the CH2CI2/MeOH mixture in 2/1
proportion as eluent. Three compounds AJPP1 (3 mg), AJPP2 (5 mg) and AJPP3 (10 mg)
could be isolated with yields of 0.6%, 1%, and 2%. respectively.

The fractionation of the residual aqueous extract (2 g) was carried out by reduced pressure
chromatography VLC on normal silica, using the mixture CH,Cl, / MeOH in different
proportions (100:0— 0:100). Four (4) fractions (F'l to F'4) were obtained. The fraction F'2 is
subjected to a column chromatography on gel C18 with a mixture H,O/MeOH in the
respective proportions (100:0— 0:100). Subsequently, four subfractions (F'2-1 to F'2-4) were
collected based on the CCM chromatographic profile. A precipitate was observed in the F'2-1
fraction. The CCM analyses were then carried out on this precipitate with a CCM plate on
aluminum support using as eluent a mixture of ethyl acetate / formic acid / water (80/1/1/).
After development in glass tanks, we observed a single task under UV lamp (254nm) after
revelation with a solution of sulfuric acid. The compound AJPP4 (50 mg) could be isolated
with a yield of 10%.

2.4. Spectroscopic and chromatographic analyses

Analysis by thin-layer chromatography was performed on plates of Silicagel 60 F254
(Merck). After development in glass cells, the plates were revealed using an ultraviolet lamp
at 2 wavelengths (254 nm and 366 nm) and with a solution of sulfuric acid. The separation of
the compounds was performed on an open column of Merck silica gel 40-63 um and under
reduced pressure with grafted silica RP-C18. Purification was done on sephadex LH-20 gel
column. The mass spectra of the isolated compounds were performed by electrospray
ionization in positive mode, using a micrO-TOF-Q-I1 10300 mass spectrometer equipped with
an ESI source. The 1D and 2D NMR spectra were recorded using a Bruker Avance 600 MHz



spectrometer. Chemical displacements are expressed in ppm. The deuterated solvent used is
CD30D (o= 3.31ppm ; dc= 49.00 ppm) and D,0 (dw=4.79 ppm).

2.5. Determination of antioxidant activity :

The TEAC test was performed following the method described by Teow et al.** with some

modifications.

The 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid (ABTS°") cation radical was
produced by mixing an 8 mmol/L solution of ABTS (87.7 mg in 20 mL distilled water) and a
3 mmol/L solution of potassium persulfate (K,S,Og 16,2 mg dissolved in 20 mL dist. water).
The mixture was then incubated for 16 hours in the dark at room temperature (30 + 2°C) and
it constituted the stock solution. A standard solution was prepared extemporaneously before
each series of assays by diluting the ABTS stock solution with methanol until an absorbance
of 0.7 £ 0.02 at the wavelength of 734 nm was obtained for this standard solution. A value of
0.1 mL of sample (standard or extract) diluted in methanol was combined with 3.9 mL of the
diluted ABTS®*solution. After mixing, the mixture was shaken vigorously and incubated for 6
min in the dark at room temperature. The absorbance of the mixture was read with the UV-
visible spectrophotometer at 734 nm. The results were expressed in umol T.Eq. (Trolox
Equivalent) per gram of extract by comparing the percentage of ABTS°+ degradation by

trolox to that of the sample. The percentage degradation of ABTS°+ (A) was expressed as

follows :
??4 _ a73%
ﬁl[%] — blanc = gxtrait % 100
‘qblrznc
with :

A**white = white absorbance
A*extract = absorbance of the extract after incubation

The analyses were triplicated. The Figure 2 showed the Trolox Calibration Curve.
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Figure 2: Trolox Calibration Curve (ABTS)

RESULTS AND DISCUSSION
Determination of AJPP1, AJPP2 and AJPP3 compound

The compound AJPP1 is present in the form of a solid, soluble in methanol (CH3OH). The 1H
NMR and 13C NMR spectra were realized in deuterated methanol (CD3;OD). Its low-
resolution mass spectrum (ESI-MS) indicates the peak of the molecular ion [M-H] * at m/z =
289.1 Which gives an exact mass of 290.1 g/mol. This mass corresponds to the general
formula C15H1406. The IR spectrum has a wide absorption band characteristic of the alcohol
function voy = 3271cm™, characteristic bands at the intensities of the aromatic nuclei ve=c =
1452-1610 cm™ and a characteristic band of the ether function vco 1062cm™.  The
characteristics 1H NMR and 13C NMR are reported in Table 1. The 1H NMR spectrum at
600 MHz in the CD3;0D (Figure 4) shows characteristics of a flavonoid-type skeleton? that
can be identified by: a doublet at 6y = 6.97 ppm (J = 2 Hz) corresponding to the proton H-2', a
doublet split at 64 = 6.80 ppm (J = 8.3/ 2 Hz) corresponding to the proton H-6" and a doublet
at 6y = 6.76 ppm (J = 8.3 Hz) corresponding to the proton H-5'. These three signals have an
ABX coupling system characteristic of the B-ring of a flavonoid. There is also a doublet at oy
=5.92 ppm in the form of a doublet (J = 2.3 Hz) corresponding to the proton H-8 a doublet at
dn = 5.94 ppm in the form of a doublet (J = 2.3 Hz) corresponding to the proton H-6. These
two signals have an AB coupling system characteristic of the A cycle of a flavonoid. We then
observe a singlet at 6y = 4.85 corresponding to the proton H-2 and a multiplet at 6y = 4.21
corresponding to the proton H-3. Then 3 massifs, in the form of a doublet split at 6y = 3.34
ppm (J = 16.4/ 4.6 Hz) corresponding to the proton H-4 and a doublet doubled at oy = 2.77
ppm (J = 16.2/ 3.1 Hz) corresponding to the second proton H-4. The 13C NMR spectrum



(Figure 5) indicates the presence of fifteen (15) carbons characteristic of a flavonoid including
two (2) aromatic quaternary carbons (C-1' and C-10), five (5) oxygenated aromatic quaternary
carbons (C3', C4', C5, C7 and C9) five (5) aromatic CH carbons (C-8, C-6, C-2', C-5"and C-
6"), two oxygenated CH carbons (C-2 and C-3) and one CH, carbon. Chemical displacements
are observed at 8¢ = 95.89 ppm and d¢c = 96.40 ppm corresponding to the aromatic CH of the
A ring (C-8 and C-6) respectively. Also at dc= 119.39 ppm, 6c= 115.33 ppm and, dc= 115.89
ppm correspond respectively to the CH of the B cycle (C-2', C-5' and C-6'). There is the
presence of a peak at ¢ = 100.08 ppm attributed to carbon C-10; at c= 132.29 ppm assigned
to carbon C-1', signal at 6c= 145.80, d¢c= 145.97 ppm assigned respectively to carbons C-3'
and C-4' signals at dc= 157.39 ppm, 6c= 157.39 ppm and &c= 158.02 ppm are attributed
respectively to carbons C-5, C-7 and C-9. The COSY spectrum has two protons not
equivalent to op= 2.74 (dd, J = 16.6/ 3.12 Hz) and ony= 2.84 (dd, J = 16.7/ 4.7Hz)
corresponding to the CH, of the C cycle that correlate with the proton H-3 at 6= 4.2 ppm and
weakly with the proton H-2 at 64= 4.82 ppm. Correlations are observed between protons H-2
and H-3, also between protons H-5' and H-6'. The HMBC spectrum makes it possible to
establish correlations between the H-2 proton and the C-1', C-2'and C-5' carbons, also
between the H-4 and the C-3, C-2, C-10 carbons. The results of spectral analyses in 1D (1H,
13C) and 2D NMR (COSY, HSQC, HMBC and NOESY) can be compared to that of the
literature.® The compound AJPP1 is most likely an epicatechin. The cis position of protons
H-2 (64 = 4.82 J = 5.0 Hz) and H-3 (64 = 4.2 ppm) was deduced by the value of their low
coupling constant which is 5 Hz.2****® On the other hand, this coupling constant is about 7-10
Hz in catechin.***>*® The compound AJPP1 is therefore epicatechin (Figure 3) since, this is
also confirmed by the value of the chemical displacement of carbon C-2 observed at 79.90
ppm. It is known that, in epicatechin, the chemical displacement of carbon C-2 is slightly less
than 80 ppm while this carbon resonates slightly above 80 ppm in catechin. 6178 The
NOE effects observed on the NOESY spectrum between H-2/H-3 confirm the stereochemistry
of epicatechin by the presence of NOE correlation between these two protons. In catechin, the
two protons of the pyranic ring are in the trans position and they do not show NOE effects

between them.**™® This compound is reported for the first time in the genus Paullinia.



Figure 3: Structure of the molecule of epicatechin (AJPP 1)
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Figure 4: 1H-NMR Spectrum of epicatechin (AJPP 1)
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Figure 5 : 13C-NMR Spectrum of epicatechin (AJPP 1)

Table 1: Proton and Carbon NMR signals of epicatechin (AJPP 1)

Position 'H NMR 6 (ppm), J to Hz C NMR § (ppm) J mod
2 4.82 (d, J=5.0 Hz) 79.90 CH
3 4.2 (m) 67.50 CH
4 2.74 (dd, J = 16.6/ 3.1 Hz) 29.27 CH;
5 2.86 (dd, J = 16.6/ 4.7 Hz) 157.70 C
6 - 96.40 CH
7 5.94 (d, J = 2.3 Hz) 157.39 C
8 95.89 CH
9 5.92 (d, J = 2.3 Hz) 158.02 C
10 - 100.08 C
I’ - 132.29 C
2’ - 119.39 CH
3’ 6.97 (d, J = 2 Hz) 145.80 C
4 - 145.97 C
5 - 115.33 CH
6’ 6.76 (d, J = 8.3 Hz) 115.89 CH

The compound AJPP2 is a pale yellow solid, soluble in methanol (CH3;OH). The 1H NMR
and 13C NMR spectra were realized in deuterated methanol (CD3;OD). The IR spectrum has a



wide absorption band characteristic of the alcohol function von = 3390 cm™, characteristic
bands at the intensities of the aromatic nuclei vc=c = 1450-1616 cm™ and a characteristic band
of the ether function vc.o = 1072cm™. Its low-resolution mass spectrum (ESI-MS) indicates
the peak of the pseudo-molecular ion [M+Na]* at m/z = 599.4 which gives an exact mass of
576.4 g/mol. This mass corresponds to the gross formula C3oH,301, suggesting two units of
flavan-3-ol with the existence of a bond of type A (double interflavanic bond)®. Indeed, the
molecular weight of two units of flavan 3-ol with simple interflavanic bonds (type B), would
be 578 g/mol #. It is therefore a proanthocyanidin dimer type A. To facilitate the
understanding of NMR attributions, we designate the two flavanolic units as T and Q as
follows.

The characteristics 1H NMR and 13C NMR are reported in Table 2. The 1H NMR spectrum
(Figure 7) shows two zones of aromatic protons, one zone (from dy = 7.14ppm to 6y = 6.81
ppm) corresponding to the ABX coupling attributed to the protons of the B and E cycles
successively of the T and Q monomers followed by another zone (from 6y = 6.01 ppm to oy =
6.01 ppm) corresponding to the AB coupling for two meta-coupled protons assigned to the
protons of the A and D cycles successively of the T and Q monomers. This same spectrum
has an aliphatic zone corresponding to the protons of the C and F cycles successively of the T
and Q monomers. The 13C NMR spectrum (Figure 8) indicates the presence of thirty (30)
carbons characteristic of a flavan-3-ol dimer including ten (10) oxygenated aromatic
quaternary carbons, five (5) quaternary carbons, nine (9) aromatic CH carbons, three (3)
oxygen CH carbons, one (1) non-oxygenated CH carbon, one (1) oxygenated quaternary
carbon, and one (1) CH; carbon. Chemical displacements are observed at ¢ = 98.32 ppm, o¢
= 96.64 ppm dc = 96.52 ppm and ¢ = 107.27 ppm corresponding to the aromatic CH of the A
ring of the T monomer (C-6 and C-8) and the F ring of the Q monomer (C-6 and C-8)
respectively. Also at 6c = 115.68 ppm, 6c = 116.06 ppm and, dc= 119.76 ppm, d¢c = 115.95
ppm, 6c= 115.64 ppm and, dc= 120.38 ppm, correspond respectively to the CH of the B
cycles of the T monomer (C-2', C-5" and C-6") and the E ring of the Q monomer (C-2', C-5'
and C-6'). There are two peaks at dc = 104.28 ppm and oc = 102.44 ppm attributed
respectively to carbon C-10T of the A cycle and C-10Q of the A cycle. The signal at d¢c =
132.46 ppm attributed to carbon C-1'T and that at 6C = 131.20 ppm attributed to carbon C-
1'Q. Chemical displacements at dc = 145.65 ppm, 6c = 146.77 ppm, d¢c = 146.0 ppm and o¢c =
146.30 ppm attributed respectively to carbons C-3'T, C-4'T of the B cycle, C-3'Q and C-4'Q
of the E cycle. Signals at dc = 157.0 ppm, 6¢c = 158.13 ppm, d¢c = 154.25ppm, dc = 156.60
ppm, 6c = 152.30 ppm and 3¢ = 152.13 ppm are attributed respectively to the C-5T, C-7T, C-



9T carbons of the A cycle of the T monomer and C-5Q, C-7Q and C-9Q of the D cycle of the
Q monomer. The COSY spectrum has two protons not equivalent to 6y = 2.76 [dd,H-4Q, J =
17.2/ 2.3 Hz], 6H = 2.95 [dd,H-4Q, J = 17.2 / 4.9 Hz] corresponding to the CH, of the F cycle
of the Q monomer that correlate with the proton H-3Q at 64=4.2 ppm of the T monomer and
C-5Q, C-7Q and C-9Q of the D cycle of the Q monomer. The COSY spectrum has two
protons not equivalent to oy = 2.76 [dd,H-4Q, J = 17.2/ 2.3 Hz], 4 = 2.95 [dd,H-4Q, J = 17.2
/ 4.9 Hz] corresponding to the CH, of the F cycle of the Q monomer that correlate with the
proton H-3Q at 6y = 4.2 ppm and weakly with the proton H-2Q at 4 = 4.92 ppm. There is a
correlation between protons H-4T and H-3T, between H-2Q and H-2'Q. Correlation tasks are
observed between H-2'Q and H-6'Q, H-5'Q and H-6'Q and also between H-2'T and H-6'T, H-
5T and H-6'T. The HMBC spectrum makes it possible to establish correlations between the
H-2Q proton and the C-4Q, C-1'Q, C-2'Q and C-6'Q carbons and weakly with the C-7Q and
C-9Q carbons. Correlation tasks are observed between the proton H-4T and the carbons C-3T,
C-2T, C-7Q, C-8Q, C-9Q and C-10Q. By comparing the chemical displacement of carbon C-
2T (8C = 100.19 ppm) to that of the compound AJPP1 (8C = 79.90 ppm), we observe a de-
icing of carbon C-2 suggesting that this carbon is bound to two oxygens. Shielding carbon C-
7Q (6C = 152.30 ppm) against carbon C-7T assumes that the monomer T is connected to the
monomer Q with a second bond of type (2—0—7).2>%2 The junction between the two units
of flavan-3-ol is justified by the HMBC correlation between the proton H-4T and the carbon
C-8Q. There are also correlations between H-4T and carbons C-2T, C-3T, C-7Q, C-9Q and C-
10Q. The results of the 1D (1H, 13C) and 2D (COSY, HSQC, HMBC and NOESY) NMR
spectral analyses compared to the data in the literature?® identified the compound AJPP2 as
proanthocyanidin A-2 (Figure 6). This compound was first isolated in the genus Paullinia.

oH T
OH

Figure 6 : Structure of the molecule of proanthocyanidin A-2 (AJPP 2)
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Figure 7 : 1H NMR spectrum of proanthocyanidin A-2 (AJPP 2)
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Figure 8: 13C NMR spectrum of proanthocyanidin A-2 (AJPP 2)
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Table 2: Proton and carbon NMR signals of proanthocyanidin A-2

Position "HNMR & (ppm), JtoHz  °C NMR & (ppm) J mod
c-2T - 41.19 C
C-3T 4.06 (d, J = 3.4) 68.08 CH
C-4T 4.41(d,J=3.4) 29.26 CH
C-5T - 157.00 C
C-6T 6.01 (d, J = 2.4) 98.32 CH
C-7T - 158.13 C
C-8T 6.07 (d, J = 2.4) 96.64 CH
C-9T - 154.25 C
C-10T - 104.28 C
C-1'T - 132.46 C
C-2’T 7.14 (d, J=2.2) 115.68 CH
C-3°'T - 145.65 C
C-4'T - 146.77 C
C-5'T 6.81 (d, J = 8.3) 116.06 CH
C-6'T 7.02 (dd, J = 8.3/2.2) 119.76 CH
C-2Q 4.92 (brs) 81.77 CH
C-3Q 4.24 (m) 66.98 CH
C-4Q 2.74 (dd, J = 17.2/4.9) 29.90 CH;
C-5Q 2.84 (dd, J =17.2/2.3) 156.60 C
C-6Q - 96.52 CH
C-7Q 6.10 (s) 152.30 C
C-8Q - 107.23 C
C-9Q - 152.13 C
C-10Q - 102.44 C
C-1'Q - 131.20 C
C-2°Q - 115.95 CH
C-3°Q 7.15(d,J=2.1) 146.00 C
C-4°Q - 146.30 C
C-5°Q - 115.64 CH

C-6'Q 6.81(d, J=8.2) 120.38 CH




The compound AJPP3 is in the form of a white solid, soluble in methanol (CH3OH). The
NMR spectra 1H and 13C were realized in deuterated methanol (CDs;OD). Its high-resolution
mass spectrum (ESI-HR) indicates the peak of the pseudo-molecular ion [M+H]" at m/z =
865.19 which gives an exact mass of 864.19 g/mol. This mass corresponds to the raw formula
C4sH36018. The molecular weight of AJPP3 corresponds to the condensation of three units of
flavan-3-ol and assumes the existence of a type A bond (double interflavanic bond).?° Indeed,
the molecular weight of three units of flavan-3-ol with simple interflavanic bonds (type B),
would be 866 g / mol.* It is therefore a proanthocyanidin trimer containing a type A bond and
a type B bond. To facilitate the understanding of NMR attributions, we designate the three
flavanolic units as follows by T, Q and M. These three units are characteristic of a trimer
having rings A, B, C for the monomer T, the cycles D, E, F for the monomer Q and the rings
G, H, I for the monomer M. The NMR characteristics 1H and 13C are reported in Table 3.
The 1H NMR spectrum (Figure 10) shows three zones of aromatic protons. A zone (from dy =
7.34 ppm to &y = 6.75 ppm) corresponding to the ABX coupling assigned to the protons of the
B, E and H cycles respectively of the monomers T, Q and M, characteristic of 3', 4'-
disubstituted protons of flavan-3-ol followed by another zone (from dy= 6.11ppm to o=
5.71ppm) corresponding to the AB coupling for three meta-coupled protons assigned to the
protons of the A cycles, D and G respectively of the monomers T, Q and M. This same
spectrum has an aliphatic zone corresponding to the protons of the C, F and | cycles
respectively of the monomers T, Q and M. The NMR spectrum 13C (Figure 11) indicates the
presence of forty-five (45) carbons characteristic of a trimer of flavan-3-ol including fifteen
(15) oxygenated aromatic quaternary carbons, eight (8) quaternary carbons, thirteen (13)
aromatic CH carbons, five (5) ch oxygen carbons, two (2) non-oxygen CH carbons, one (1)
oxygenated quaternary carbons and one (1) CH, carbon. On the COSY spectrum, correlations
are observed between protons H-3T and H-4T, H-4Q and H-3Q, H-2Q and H-3Q, H-2Q and
H-4Q, H-4M and H-3M. The HMBC spectrum makes it possible to establish correlations
between the proton H-2Q and the carbons C-1'Q, C-2'Q and C-6'Q. Correlations are observed
between proton H-6Q and carbons C-5Q, C-7Q, C-8Q and C-10Q. Correlation tasks are
observed between the proton H-4T and the carbons C-2T, C-3T, C-5T, C-9T, C-10T. Relative
to the monomers Q and M, we observe that the proton H-2T is absent. In addition, by
comparing the chemical displacements of carbon C-2Q (6¢c = 78.84 ppm) and C-2M (¢ =
80.27 ppm) to that of C-2T (6¢ = 99.92 ppm) we observe a de-icing of carbon C-2T
suggesting that this carbon is bound to two oxygens. Shielding carbon C-7Q (6¢c= 151.06
ppm) against carbon C-7T (8c= 157.80 ppm) assumes that the monomer T is connected to the



monomer Q with a second bond of type (2—>O—>7).15'22'23 Carbon C-4Q (8C = 38.26 ppm) is
deblindered by about 8 ppm compared to C-4M (6C = 29.84 ppm), following its substitution
by the aromatic ring of the G ring of the monomer M. The correlations observed in HMBC
between the proton H-4Q and the carbons C-7M, confirm the nature of the bond (4—8)
between the two flavanolic units. On the COSY spectrum there is a coupling between the
proton H-4Q and the proton H-3Q (éy = 4.13, d, J = 1.43 Hz) itself coupled with the proton
H-2 Q (dy = 5.72 ppm, brs). There is a low coupling constant between protons H-2Q and H-
3Q (J H2-H3 = 1.43 Hz) and the chemical displacement of carbon C-2Q at 78.84 ppm (< 80
ppm) show that the monomer Q is an epicatechin. The junction between the three units of
flavan-3-ol is justified by the HMBC correlation between proton H-F4 and carbon C-G8, as
well as proton H-C4 and carbon C-D8. The result of spectral analyses in 1D NMR (1H, 13C)
and 2D COSY, HSQC, HMBC) compared with data from the literature® a identifies the
compound AJPP3 as epicatechin-2—0—7, 4p—8)-epicatechin-(43—8)-epiccatechin
(cinnamtannin B-1) (Figure 9). This compound was first isolated in 1983 in Ceylon cinnamon,

Cinnamomumzeylanicum (Lauraceae).”

Figure 9 : Structure of the molecule of cinnamtannin B-1
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Figure 10: 1H NMR- spectrum of cinnamtannin B-1 (AJPP 3)
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Figure 11 : 13C NMR- spectrum of cinnamtannin B-1 (AJPP 3)
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Table 3 : Proton and carbon NMR signals of cinnamtannin B-1 (AJPP 3)

Position 'HNMR & (ppm), Jto Hz  °C NMR & (ppm) J mod
C-2T - 99.92 C
C-3T 3.29 (d, J = 3.5) 67.15 CH
C-4T 4.18 (d,J = 3.5) 28.84 CH
C-5T - 156,76 C
C-6T 5.98 (d, J =2.4) 98.28 CH
C-7T - 157.80 C
C-8T 6.03 (d, J=2.3) 96.44 CH
C-9T - 154.13 C
C-10T - 104.93 C
C-1'T - 132.43 C
C-2’T 7.02 (d, J = 1.7 Hz) 115.73 CH
C-3°T - 145.44 C
C-4’T - 146.58 C
C-5°T 6.85 116.12 CH
C-6’'T 6.86 119.86 CH
C-2Q 5.71 (brs) 78.84 CH
C-3Q 4.13(d, J = 1.4) 72.53 CH
C-4Q 4.59 (brs) 38.26 CH,
C-5Q - 155.74 C
C-6Q 5.8 (s) 96.04 CH
C-7Q - 151.06 C
C-8Q - 106,39 C
C-9Q - 151,73 C

C-10Q - 106.70 C
C-1’Q - 131.75 C
C-2°Q 7.33(d, J = 1.99) 116.70 CH
C-3°Q X 145.87 C
C-4°Q - 146.26 C
C-5°Q 7.19 (d J=1.74) 115.73 CH
C-6’Q 7.2 (dd, J = 8.3/2.1) 121.34 CH
C-2M 4.40 (s) 80,27 CH
C-3M 3.87 67.50 CH
C-4M 2.85 29.84 CH,
C-5M - 155.99 C
C-6M 6.11 (s) 96.55 CH
C-7M - 155.52 CH
C-8M 108.83 C
C-9M 7.13 (dd, J =5.1/1.6) 155.78 C

C-10M 100.02 C
C-I'M 6.77 133.15 C
C-2’M 6.75 115.46 CH
C-3’M 3.29 (d, J = 3.5) 145.30 C
C-4’'M 4.18 (d,J = 3.5) 145.73 C
C-5’M 115.99 CH

C-6'M 5.98 (d, ] = 2.4) 119.40 CH




The compound AJPP4 was isolated as a yellow solid, soluble in dudimethylsulfoxide
(DMSO). The NMR spectra 1H (Figure 13) and 13C (Figure 14) were realized in the DMSO-
d6. The mass spectrum obtained by HS-ESI-MS in positive mode shows a pseudomolecuary
ion at [M+H]'= 277.09 (exact mass m/g= 276.09) corresponding to the raw formula
C11H160s. The IR spectrum has an absorption band characteristic of the alcohol function at
von = 3392cm™, the carbonyl function at ve = o= 1751 cm™ and a double bond at ve-c = 1683
cm™. The 1H and 13C NMR characteristics are shown in Table 4. On the COSY spectrum,
correlations are observed between protons H-6' and H-5', H-5' and H-4', H-4' and H-3', H-
3'and H-2'. On the HSQC / or HMBC spectrum, we observe the correlations between the
proton H-1"and the carbons C-4', C-3'and C-2' and the proton H-6"and the carbons C-5', C-4".
On the 1H NMR spectrum, there is a singular integrator for three protons at 6y = 1.98ppm
corresponding to the proton H-6. A singular integrating for two protons at dy = 4.72ppm
corresponding to the proton H-5. Signals suggesting a hexose characterized by a doublet at &
1=5.03(J=7.78 Hz) ppm corresponding to the proton of the anomeric carbon H-1', a doublet
split at 6y = 3.66 (ddd, J = 11.8/5.5/ 1.9 Hz) corresponding to a proton H-6', a triplet doublet
at oy = 3.44 (dt, J = 11.8, 5.9 Hz) corresponding to the second proton H-6'and multiplets at oy
= 3.23-3.15 ppm, &y = 3.14-3.08 ppm corresponding to protons H-5', H-2', H-4' and H-3". The
analysis of the Cosy spectrum and the mesuse of the coupling constant between the protons
H-1'and H-2' makes it possible to identify hexose as the p-D-glucopyranose.?® The 13C NMR
and DEPT 135 spectrum shows in addition to the 6 carbons of sugar, the presence of five
carbons including a primary (CHs) at 6c = 10.35ppm, a secondary (CH>) at 6c = 69.71ppm
and 3 quaternaries at 6c = 168.36, 137.96 and 136.65 ppm corresponding respectively to a
carbonyl and two ethylenics. The correlations observed on the HMBC spectrum between
proton H-2 and carbons C-4, C-3 and C-2 and proton H-6 and carbons C-5, C-4, C-3 and C-2
identified aglycone as 4-methyl-2(5H)-furanone. The junction between sugar and aglycone is
justified by the HMBC correlation between proton H-1" and carbon C-3. All spectral data (IR,
NMR and mass) in comparison with the data in the literature®® confirmed the structure of the
AJPP4 molecule as O-B-D-glucopyranosyloxy -4-methyl-2 (5 H)-furanone (figure 12).
. 0
HO
HO
Figure 12 : Structure of the molecule of O-f-D-glucopyranosyloxy
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Figure 13 : 1H NMR spectrum of O-B-D-glucopyranosyloxy-4-methyl-2 (5 H)-furanone
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Figure 14 : 13C NMR spectrum of O-B-D-glucopyranosyloxy-4-methyl-2 (5 H)-furanone
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Table 4: 1H and 13C NMR spectrum (in DMSO) of AJPP4

Position 13C NMR 6 (ppm), J to Hz 1H NMR 6 (ppm), J to Hz
C-2 168.36 -
C-3 136.65 -
C-4 137.96 -
C-5 69.68 4.72 (s)
C-I’ 100.29 5.03 (d, J=7.78 Hz)
c-2’ 73.39 3.15-3.23 (m)
C-5° 77.26
C-3 76.42 3.08 — 3.14(m)
c-4 69.63
C-6’ 60.73 3.66 (ddd, J = 11.8; 5.5; 1.9Hz)
CHz-4 10.35 3.44 (dt, J =11.8; 5.9 Hz)

These 4 compounds, epicatechin, proanthocyanidin A-2, epicatechin-2b—0—7, 4b—g)-
epicatechin-(4b—8)-epicatechin (cinnamtannin B-1) and 3-O-B-D-glucopyranosyloxy-4-
methyl-2(5H)-furanone are isolated for the first time in the extract of the roots of paullinia
pinnata in Cote d'lvoire. Epicatechin has various benefits for human health. This, due to its
antioxidant, anti-inflammatory, antimicrobial, antitumor and cardioprotective properties.?’
Similarly, proanthocyanidins (oligomers of flavan-3-ol) are also of great interest in medicine
and nutrition because of their antioxidant power and possible protective effects on human
health.?” Indeed, it has been shown that, highly polymeric proanthocyanidins possess healthy
biological effects, including antioxidant effects®®, antimicrobial, antitumor, cardioprotective®

%031 and anti-obesity.*® This could justify the use of Paullinia pinnata roots in

antidiabetic
medicine against cardiovascular disease. Identification of the glycosil compound AJPP4
shows that this plant could be toxic.*®* However, well-monitored drying would eliminate this

compound, which could lead to a reduced risk of toxicity.*



Determination of antioxidant activity

The antioxidant properties of the extracts obtained by conventional extraction with hexane
(EHPP), dichloromethane (EDPP), ethyl acetate (EAEPP), methanol (MEOHPP) and
aqueous extract (AgPP), Ascorbic acid and three compounds (AJPP2, AJPP3 and AJPP4)
isolated from the roots of Paullinia pinnata were also evaluated (Figure 15). The evaluation
of antioxidant activity was carried out by the ABTS test (2,2'-azino-bis(3-ethylbenzthiazoline-
6-sulphonic acid). The results are expressed in pmol T.Eq. (Trolox Equivalent) per gram of
dry extract (umol T.Eq./g extract). These results are reported in table 5.

Table 5 : Antioxidant activity of the extracts and the molecules of Paullinia pinnata

Antioxidant activity

Extracts [umol Eq.T.] (umol Equivalent Trolox per
gram of dry extract)

EHPP 60
Aq pp 247
EDPP 316
EAEPP 372
AJPP2 556
MeOH PP 802

AJPP4 1263

ACIDE ASC 6901

AJPP3 10850

Figure 13 : Diagram of the antioxidant activity of the different extracts and the molecule of

Paullinia pinnata

These results showed that all extracts and isolated molecules exhibit antioxidant power. The
molecule AJPP3 (cinnamtannin B-1) has a better antioxidant activity compared to those of

other extracts and that of ascorbic acid.
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Figure 15: Diagram of the antioxidant activity of the different extracts and the molecule of

Paullinia pinnata

4-CONCLUSION

Paullinia pinnata is a medicinal plant with many therapeutic virtues. Phytochemical analysis
of ethyl and aqueous acetate extracts of the roots of Paullinia pinnata made it possible to
isolate and identify four (4) compounds, epicatechin, two proantocyanidins: proanthocyanidin
A-2, epicatechin-(2b—0—7, 4b—8)-epicatechin-(4b—8)-epicatechin (cinnamtannin B-1)
and a glycosil compound 3-O-B-D-glucopyranosyloxy-4-methyl-2(5H)-furanone. The
evaluation of antioxidant potential showed that the different extracts and the three isolated
molecules have antioxidant potential. The molecule of cinnamtannin B-1 (AJPP3) has a
higher antioxidant power than ascorbic acid. These compounds are for the first time isolated
from the species Paullinia pinnata from Coéte d'lvoire. The complete attributions of the four

structures were established from spectral data IR, NMR (1H and 13C) and mass spectrometry.
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