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Abstract: Pentadesma butyracea is a medicinal plant of which stem bark decoctions are used in
traditional medicine for the treatment of diarrhea symptoms in Gabon. The aims of the present work
are to perform a phytochemical analysis of decoctions of P. butyracea stem barks, to check their safety
and then to evaluate their antioxidant activity and antidiarrheic potential in vitro and in vivo. In a
first approach, spectrophotometric analyses were used to quantify phenolic compounds, followed
by liquid chromatography coupled to mass spectrometry analysis that allowed the identification of
flavanone-flavone dimers as the main metabolites of the stem bark decoction. Pharmacological
analyses showed the absence of in vitro and in vivo toxicity, thus allowing the safety in use of this
decoction in traditional medicine in Gabon. The antioxidant activity of the bark decoctions was also
demonstrated to depend on their phenolic contents. The decoction of stem barks harvested during
the rainy season induced a dose-dependent relaxation of isolated ileum fragments from Wistar rats.
In addition, oral administration of different concentrations of this decoction (250 and 500mg/kg
body weight) led to a decrease in wet stools indicating an antidiarrheal effect at doses that were
used. These results encourage the deepening of a bio-guided research on P. butyracea stem bark
decoctions in order to propose standard traditional medical treatments in Gabon.

Keywords: Pentadesma butyracea; biflavonoids; toxicity; antioxidant; antidiarrheal agent

1. Introduction

Ethnopharmacology has gained a considerable reputation most notably in African and Asian
countries. Ethnopharmacological research has become increasingly of interest for the development
of bioactive phytochemicals as novel and effective preventive and therapeutic strategies for various
diseases. However, to bridge the gap between local uses of medicinal plant extracts to a medication
delivered in a pharmaceutical prescribing, ethnopharmacology has to meet the standards of
pharmacological research practices which include pharmacological and clinical studies of traditional
medicines, and the identification and accurate quantification of metabolites relevant for a specific
biological activity. Functional intestinal disorders are chronic digestive symptoms indicating a
dysfunction in the gastrointestinal tract without any evidence of an organic disease. The prevalence
of functional intestinal disorders in Gabon was previously investigated in health care facilities [1].
This study revealed a frequency of 12.55 %, mainly concerning women (63%) and an average age of

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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46 years. Abdominal pain and constipation were the most recorded clinical signs and the most
prevailing associated diseases were gastroesophageal reflux and haemorrhoids [1].

An ethnopharmacological and ethnobotanical study was carried out in Gabon by the Cultural
and Technical Cooperation Agency (CTCA). These surveys were conducted in four major Gabonese
towns (Libreville, Lambaréné, Franceville and Oyem) and medicinal plants used to treat various
health symptoms have been listed. In this list, we have selected four plants used for the treatment of
diarrhea symptoms, constipation or abdominal pain because these pathologies appear in people
suffering from irritable bowel syndrome (IBS) (Table 1). Among them, stem bark decoction of
Pentadesma butyracea known for its antidiarrheal activities in traditional medicine in Gabon was
selected in the present study for phytochemical and pharmacological investigations.

Table 1. List of plants selected.

Genus, species Family n°NHG Organ  Uses Traditional indications
Aucoumea klaineana Burseracea 599  Stem bark Diarrhea Macerated stem bark is used as
Pierre e astringent antidiarrheal agent
g g

Pentadesma butyracea i i

Clusiaceae 14802 Stem bark Diarrhea In .de.coctmn, stem bark is used as an
(Sabine) antidiarrheal agent
Canarium schweinfurthii Byrseracea 1724 Stem bark Pain In decoction, the stem bark is used for
(Engl.) e stomach and intestinal pains
Scorodophloeus zenkeri i i

Fabaceae 1418 Stem bark Constipation Infu51.on .Of stem bark is used to treat
(Harms) constipation

NHG: National Herbarium of Gabon.

P. butyracea is a large tree of dense forests belonging to Clusiaceae family. It is present in forests
from Sierra Leone, Gabon to Cameroon [2-5]. In these countries, a kind of butter is traditionally
prepared from its seeds and as a consequence, P. butyracea is known as « tallow tree » or « butter tree »,
« Krinda » in Céte d’Ivoire, « Abotoasebie » in Ghana, « Kpangnan » or « Sesseido » in Benin and « Agnuhé »
in Gabon [5]. This butter is used in traditional medicine as a massage oil for skin and hair care and in the
manufacture of soap for its softening, lubricating and healing qualities [4,6]. It is also reported as able to delay
skin ageing [7]. In Ghana, the root decoction is used to fight intestinal worms [8]. In Gabon, stem bark
maceration is also used for treatment against skin parasites [9]. Extracts isolated from P. butyracea organs
(stem barks, leaves, seeds and roots) are also commonly used as traditional medical treatments of
several diseases including breast pains and genitourinary system disorders [10,11]. With regards to
previous phytochemical studies carried out on P. butyracea, various terpenes have been identified in
essential oils [4,12], as well as xanthones and triterpenes in a methanol extract [13,14]. P. butyracea
seeds also accumulate alkaloids, saponines, tannins and phenolic metabolites [15].

The aims of the present work are to perform phytochemical and pharmacological analyses of P.
butyracea stem bark decoctions, one of the plant extracts used in traditional medicine in Gabon for the
treatment of diarrhea symptoms. Stem barks were harvested in the rainy and dry seasons on the same
tree and on a young tree, to investigate whether their extractable contents depend on seasons and
age. Indeed, barks are indifferently collected all year round in Gabon for the preparation of
decoctions from different trees. Phytochemical analysis of this extract was achieved by
spectrophotometric quantification of phenolic compounds and then by identification of metabolites
by ultrahigh performance liquid chromatography coupled to a quadrupole-Orbitrap mass
spectrometer (UHPLC-ESI-MS/MS). Then, the safety, antioxidant activity and antidiarrheal potential
in vitro and in vivo of a P. butyracea stem bark decoction have been investigated.
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2. Results
2.1. Phytochemical Analyses of Decoctions of Pentadesma butyracea Stem Barks
2.1.1. Total Phenolic Contents

The yields of P. butyracea decoctions obtained from stem barks collected during the dry season
(DPBD), the rainy season (DPBR) and on a young tree during the dry season (DPBY) were
respectively 6.24%, 8.43% and 4.11% of the crude materials. The contents in phenolic compounds of
these samples were estimated by spectrophotometry by measuring the reduction of the Folin—
Ciocalteu reagent with gallic acid as standard. The total flavonoid contents of the decoctions of P. butyracea
stem barks were then investigated using the aluminium chloride method and quercetin as reference. The
data on phenolic content were determined from a calibration curve (Y =0.016X + 0.06309, R? = 0.9916)
of gallic acid expressed in gallic acid equivalents per milligram (GAE/mg) of dry extract (Table 2).
The phenolic contents of decoctions obtained from barks harvested during the dry season, i.e., DPBD
and DPBY, were determined to be higher than the one obtained from barks collected during the rainy
season (DPBR) (129 + 10.3 ug GAE/mg and 62.1 + 1.4 pg GAE/mg, respectively versus 44.1 + 2.9 ug
GAE/mg). The phenolic content of DPBD is three times higher than that of DPBR, although the
harvesting was performed from the same tree. The results of flavonoid contents were obtained from
the calibration curve (Y = 0.01458X - 0.04833, R2 = 0.9517) of quercetin expressed as quercetin
equivalents per milligram (QE/mg) of dry extract (Table 2). The decoctions prepared from the same
tree in both seasons (DPBD and DPBR) are the highest (150.3 + 30.3 pug QE/mg and 83.0 + 9.3 nug
QE/mg, respectively). These results suggested that the accumulation of phenolic contents in P.
butyracea stem barks depends on the harvesting season and on age of the tree.

Table 2. Polyphenols and flavonoids contents in decoctions of P. butyracea stem barks.

Extract Total phenol content as ug Total flavonoid content as pg QE/mg
GAE/mg+SD* +SD =
DPBY 62.1+14 41.9+45
DPBR 441+29 83.0+9.3
DPBD 129.0+£10.3 150.3 +30.3
p—value <0.001 <0.001
R? 0.9916 0.9517

a SD: Standard deviation of three independent experiments. GAE: gallic acid equivalent; QE: quercetin
equivalent.

2.1.2. Mass Spectrometry Identification of Biflavonoids in the Decoction of Pentadesma butyracea
Stem Barks

Phytochemical analysis of P. butyracea stem bark decoction was performed by mass spectrometry
on the DPBR sample. The metabolites were analyzed by ultra-high performance liquid
chromatography coupled with a quadrupole-Orbitrap mass spectrometer (UHPLC-ESI-MS/MS) in
negative and positive ionic modes. In addition, DPBR sample was submitted to a methanolysis and
trimethylsilylation to convert free or O-linked monosaccharides, acids and phenolic compounds into
their methylester or methylglycoside trimethylsilyl derivatives which were then identified by gas
chromatography coupled to electron ionization mass spectrometry (GC-EI-MS) (Table S1).

Figure 1 shows the total ion current chromatogram for UHPLC-ESI-MS in the negative mode
and the peak numbering assigned to main metabolites annotated by LC-ESI-MS/MS analysis and
reported in Table 3. The metabolites annotation was based on the accurate mass measurements in
both negative and positive ionization modes and their MS/MS fragmentation patterns in negative
mode by comparison with literature and databases (Massbank, PubChem, HMDB). In negative ion
mode, metabolites were detected either as deprotonated molecule [M-H]™ or as formate adduct
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(IM+HCOQY). The elution peak between 0.5 and 1 min mainly contains small metabolites and sugars
(compounds la to 1n in Table 3). For instance, [M-H]~ was assigned to 4-(4-deoxy-f-D-gluc-4-
enuronosyl)-galacturonate resulting from the degradation of cell wall pectins by pectate lyase. In
addition, LC peaks 2 and 3 were assigned to citrate and methyl citrate, respectively.
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Figure 1. Total ion current chromatogram for the LC-ESI (-)-MS of the DPBR sample. Peak numbering

refers to main metabolites identified by analysis of their MS/MS fragmentation patterns and reported
in Table 3.

Table 3. Metabolites annotation by UHPLC-ESI-MS/MS analysis of the DPBR sample.

RT [M-H]- = [M+H]*<  Molecula Fragment ions in negative
n° Proposed metabolite
min [M+HCOO]- [M+Na]*d rformula (-) or in positive (+) mode
Exp m/z Calcm/z
la 0.61  209.0302= 209.03032 CsH1o0s  D-Glucarate (-) 71/85/133/191
O
1b 0.61  355.05142 355.05182 CuiHi6013 Unknown glycan
59/73/87/99/115/275/337
1c 0.62  204.99892 204.99922 CsHsOs  Oxalomalic acid (-) 71/99/115/143/161
1d 062  179.0561= 179.05642 203.05284 Ce¢Hi20s  D-Glucose (-) 59/71/89/113
le 0.63  195.0509= 195.0510= 219.04704 CsH1207  D-Gluconic acid (=) 59/75/99/129
)
1f 0.63  193.0353= 193.0353= 217.03204 CsH1007  D-Glucuronic acid
59/71/85/99/103/131/175
)
Tetrahydroxy 2, 3,4, 5
1g  0.64 223.04522 223.04592 C7H120s 59/71/73/85/103/115/133
heptanedioic acid
/149/205
1h 070 369.06712 369.0674> 393.0646¢ Ci2HisO13 Unknown glycan (-) 73/99/127/189
1i 0.70  105.0194= 105.01922 129.0181¢ CsHeOs  Glyceric acid (-) 45/59/75
Pentahydroxy 2, 3, 4, 6,7
1j 071  267.07202 267.0721=  291.06924  CoHisO9 (-) 59/71/89/113/228/249
nonanedioic acid
4-(4-Deoxy-beta-D-gluc-4-
)
1k 0.71  351.05662 351.05682 353.0712¢ Ci2Hi6O12 enuronosyl)-galacturonic

acid

59/71/83/99/143/171/189
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5
11 0.74 189.0040=  189.0043=  191.0184¢ CsHeOr Oxalosuccinic cid (-) 73/83/99/127/171
Im 0.85 133.0143=  133.0142=  157.0110¢ C4HeOs Malic acid (-) 71/89/115
Pentahydroxy 3, 4, 5, 6, 7 -)
In 097  267.0720 267.07212 CoH16009
nonanedioic acid 59/71/89/101/119/133/249
2 1.31 191.0197=  191.0197=  215.01614  CsHsOr Citric acid (=) 111/173
3 2.36  205.0352a 205.03532 229.03204 Cr/H1O7  Methyl citric acid (-) 71/87/101/125/187
4 3.79  153.0193> 153.0193= C7HsOs  Dihydroxybenzoic acid (-) 109
Hydroxybenzoyl
5 391 44513482 44513512  469.13174  Ci9H2012 (=) 59/93/137/289/307/417
rhamnosylglucose
463.1439 Dihydroxybenzoyl
6 415  461.12992  461.13002 Ci19H26013 (-) 109/152
485.1256 4 rhamnosylglucose
463.1827 ¢
7 431 461.16622  461.16632 C20H30012  Verbasoside (-) 123/153/307
485.1640 4
Hydroxybenzoyl
389.1080°¢ (=) 59/93/113/137
8 4.59 387.0930a  387.0932a CisH20011  pentahydroxy 2, 3, 4, 6, 7
411.0896 ¢ /211/231/249/267

nonanedioic acid

Methoxyhydroxybenzoyl
(=) 59/71/85/113/

123/167/249/267

9 490  417.10352 417.10382 419.1197¢ CiyH2012 pentahydroxy 2, 3,4, 6,7

nonanedioic acid

)
491.17682  491.1792  493.1923¢
10 5.17 C22H3O15  Antiarol rutinoside 89/101/125/153/163/247/30
537.1822% 537.1824> 515.1739 4
7

Benzoyl pentahydroxy 2, 3,4, (-)
11 5.75 371.09802  371.09832 C16H20010
6, 7 nonanedioic acid 59/71/85/113/121/231/249

(-) 293/413/457

12 613 57715602 577.1562a 579.1714< CxHOu  Vitexine O-rhamnoside
(+) 283/313/415/433
=)
125/151/403/429/565/717
)
241/327/403/431/557/719

13 6.48  879.19882 879.19892  881.2120¢  CswHwO2 Morelloflavone diglucoside

477.23352  477.23412 Dimethoxyhydroxyphenyl
14 6.90 C23H0013 (-) 59/71/101/161/301/331
523.2393b  523.2396P rhamnosylglucopyranoside

¢)
125/151/309/403/429/565/
15 736 717.1460° 717.14612 719.1614c CxHxOw Fukugiside
591 )
241/327/403/431/557
)
16 811 701.1511= 70115112 703.1665¢ CseHxOts Spicataside 125/151/385/387/413/539

(+) 241/311/387/415/541
Q)
17 8.88  555.09282 555.09312 557.1082¢ CsoH2011 Morelloflavone 125/151/295/401/403/429

(+) 241/327/403/431
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Q)
18 9.55  539.09812 539.09822 541.1136¢ CsH20010 Volkensiflavone 107/125/151/385/387/413
(+) 241/311/387/389/415

Main metabolites (n° 15-18, Figure 1 and Table 3) of the DPBR sample were determined as being
flavanone-flavone dimers, namely volkensiflavone and morelloflavone, and their respective mono
and diglucosides (Figure 2a,b). All together, these biflavonoids represented about 75 % of metabolites
detected in the MS negative mode (Figure 2). Their negative MS/MS fragmentation patterns were
consistent with published data on flavanone-flavone dimers [16] and on flavonoids [17]. For instance,
MS/MS fragmentation of the [M-H]- of volkensiflavone at m/z 539.098 (Cs0H21010) resulted in the loss
of 126 Da, yielding an intense fragment ion at m/z 413.06 (Figure 2c). This fragment arose from the
cleavage of the pyranose ring of the flavanone moiety of the biflavonoid. Others diagnostics ions
mainly resulted from the secondary fragmentation of this major ion. For morelloflavone ([M-H] - at
m/z 555.094) and morelloflavone mono and diglucoside ([M-H] - at m/z 717.146 and m/z 879.199), a
shift of 16 Da was observed for main fragment ions. This is due to the presence of a luteolin instead
of an apigenin flavone motif in these flavanone-flavone dimers. With regards to the mono and
diglycosides derivatives, the sugar composition determined by GC-EI-MS analysis indicated that
glucose is the main hexose identified in the DPBR sample (Table S1). We thus postulated that main
glycoside derivatives were mono and diglucosides, namely spicataside and fukugiside, respectively
(Table 3 and Figure 2b). Same conclusions were drawn on the basis of the investigation of the MS/MS
fragmentation patterns of [M+H]*ions of biflavonoids in the MS positive mode (Table 3 and Figure
2d).

In addition to biflavonoids, less abundant metabolites were eluted between 3.79 and 6.13 min
(Figure 1). Among them, the presence of vitexine-2-O-rhamnoside was deduced from the MS/MS
spectrum of the [M-H]- at m/z 577.156 (C2zH30014) in accordance with the literature data [18] and the
identification of rhamnose as the main deoxyhexose in the decoction (Table 3). Other metabolites
were identified as deoxyhexosyl hexose disaccharide linked to phenolic or benzoic derivatives
(metabolites 5, 10, 11 and 14). These benzoic acids were also detected in the GC-EI-MS analysis (Table
S1). The deoxyhexosyl hexose disaccharide motif was proposed as being a rhamnosylglucoside
sequence, also called rutinoside, on the basis of the sugar composition of the DPBR sample (Table
S1). and in agreement with the fragmentation patterns of homologous metabolites reported in the
literature [19]. Among these rhamnosylglucoside-containing metabolites, we identified antiarol
rutinoside that was previously reported in plant extracts [20].

It is also worth noting that the detection by UHPLC-ESI-MS/MS of [M-H]- at m/z 371.098, 387.093
and 417.103 that were assigned to benzoyl derivatives of polyhydroxy nonanedioic acid (Table 3).
This diacid, also detected in the LC elution peak as a free diacid, could correspond to pentahydroxy
2,3, 4, 6, 7 nonanedioic acid on the basis of its ESI-MS/MS fragmentation pattern (Figure S1b) and the
EI-MS of its trimethylsilyl dimethylester derivative (Figure Sla). Its structure was also confirmed
from the ESI-MS/MS fragmentation pattern of its 2-benzoyl derivative (metabolite 8, Table 3) as
depicted in Figure Slc.
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Name R, R,
Volkensiflavone OH H
Morelloflavone OH OH
Spicataside O-glucoside H
Fukugiside O-glucoside OH
Morelloflavone . .
. . O-diglucoside OH
diglucoside
413.06
125 *
c “y = p413 > 385,387 - 293, 295
7
OH
151.02 HO
125.01
285 337'07 539,008
- 107.01 293.02 :
: ﬁas.oz
N 11 D |
100.0000 150.0000 200.0000 250.0000 300.0000 350.0000 400.0000 450.0000 500.0000 550.0000
mfz
541.114
d ~—p 415> 387,389 367.08
OH
389.08
415.09
241.04
121.02 311.05
| R - P T | 578
100.0000 150.0000 200.0000 250.0000 300.0000 350.0000 400.0000 450.0000 500.0000 550.0000
m/z

Figure 2. Proposed structures (a) and names (b) of biflavonoids annotated in the DPBR sample. ESI-
MS/MS spectra of [M-H]" (c) and [M+H]* (d) of the flavanone-flavone dimer volkensiflavone at m/z

539.098 and 541.114, respectively.

2.1.3. Evaluation of Biflavonoid Contents in the DPB Samples

Flavanone-flavone dimers, such as volkensiflavone and morelloflavone, exhibit specific UV
absorbances at Amax = 282 and 350 nm due to flavone and flavanone motifs [16]. Similar UV profiles
and Amax were observed in the UV spectra of decoctions of P. butyracea stem barks indicating that
mainly bioflavonoids (Figure 3), which represent about 75 % of phenolic metabolites of the extract
(Table 3), contribute to UV absorbances at these wavelengths, although we cannot rule out the
contribution of minor phenolic compounds to these UV profiles. As a consequence, quantification of
biflavonoids at Amax = 282 and 350 nm was performed to investigate the biflavonoid contents in
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decoctions of P. butyracea stem barks from young or adult P. butyracea trees or between stem barks
collected during either the dry or the rainy season (Figure 3). In accordance with data on phenolic
contents determined by quantification through a spectrophotometric assay (Table 2), UV profiles
confirmed that the decoction of P. butyracea stem barks collected during the dry season (DPBD)
contains higher amounts of biflavonoids than samples collected during the rainy season (DPBR) or
young trees (DPBY).

Extracts| Amax Abs
282 0.501 + 0.04
350 0.585 +0.02
282 0.422 +0.03
350 0.281+0.01
1 DPBY 282 0.258 £ 0.04
350 0.174 + 0.01

1,4 DPBD

1,2 DPER

Absorbance (a.u.)

230 280 330 380 430 480 530 580
Wavelength (nm)

Figure 3. UV-visible spectra recorded between A = 230 nm and 550 nm of 0.1 mg/mL solutions of
decoctions of P. butyracea stem barks (n=3). Absorbances of the different decoctions at Amax =282 and

350 nm are reported in the inserted table.

2.2. Pharmacological Analyses of Decoction of P. butyracea Stem Barks
2.2.1. Antioxidant Activity Assay

The DPPH radical scavenging activities of decoctions of stem barks from P. butyracea are
presented in Table 4. Extracts from decoctions prepared from barks harvested during the dry season
(DPBD and DPBY) presented a higher antioxidant activity than the decoction obtained from barks
collected during the rainy season (DPBR) with IC50 of 8.1 + 0.6; 11.0 + 2.0 and 23.5 + 2.1 pug/mL,
respectively. All data were compared with the IC50 value of standard ascorbic acid (6.2 +1.2 pg/mL).

Table 4. DPPH radical scavenging activities of decoctions of P. butyracea stem barks expressed as ICso
values. DPBR: rainy season; DPBD: dry season; DPBY: young tree in the dry season.

Free radical scavenging activity - IC50 (ug/mL

Extracts

+ SD3)
Ascorbic acid 62+1.2
DPBR 235+2.1
DPBD 8.1+0.6
DPBY 11.0+2.0

p—value 0.005

R2 0.7838

2 SD: Standard deviation of three independent experiments.
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2.2.2. Toxicity Assays

To examine a putative cytotoxic activity of DPBR, we first used two human cell lines, HEK-293
and hCMEC/D3, obtained from embryonic kidney and adult cerebral vessels, respectively. We found
that incubation of both cell lines with graded concentrations of DPBR had no impact on cell viability,
even at high concentration (100 pg/L) and during a 48-h incubation period (Figure S2).

DPBR sample was also evaluated for acute oral toxicity in Wistar rats. Over a 14-day period,
DPBR sample did not exhibit any toxicity or behavioural changes in animals that received at a single
dose of 2,000 mg/kg of body weight. Moreover, we did not observe any weight loss over two weeks
of observation (Figure S3). We thus concluded that DBPR does not induce any oral acute toxicity even
at a high dose.

2.2.3. Activity of DPBR Sample on Smooth Muscle

The effect of different doses of DPBR was assessed in vitro on the contractile activity of rat ileal
smooth muscle to study their impact on spontaneous ileal contractions. As reported in Table 5, DPBR
was found to induce a dose-dependent decrease in contractile activity. Loperamide was used in the
study as a positive control. DPBR decoction tested at 4 mg/mL totally relaxed the smooth muscle
(100% of relaxation). This showed that DPBR exhibits a spasmolytic activity in vitro resulting from
muscle-relaxing properties of metabolites of this plant extract. In view of these results, we then
investigated the in vivo antidiarrheal activity on Wistars rats to corroborate the ethnobotanical
information reported on stem barks of P. butyracea in Gabon.

Table 5. In vitro antidiarrheal activity of DPBR sample.

Extracts Concentration (mg/mL) % relaxation + SD
1 32+5
DPBR 2 68+1.7
4 100+ 0
Loperamide 4 55+4

2 SD: Standard deviation of three independent experiments.

2.2.4. In Vivo Antidiarrheal Activity of DPBR

The antidiarrheal activity of DPBR at doses of 250, 500 and 1,000 mg/kg of body weight was then
evaluated in vivo in rats in the castor oil-induced diarrhea model and compared to loperamide at 5
mg/kg used as a positive control. The DPBR sample showed 100% protection against diarrhea at the
concentration of 500 mg/kg of body weight (Table 6). In addition, the moisture content dropped down
from 75 to 39% at the same dose and the inhibition of diarrhea was 100%. These data suggested that
this decoction induces antisecretory mechanisms of water and electrolyte, and that the dose of 500
mg/kg can be taken as the reference dose for antidiarrheal treatment by this decoction. At the higher
dose of 1,000 mg/kg of DPBR sample, the percentage of inhibition of defecation largely decreased that
is likely due to an inhibitory response of the decoction.
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Table 6. Effects of the DPBR on castor oil-induced diarrhea.
Rats with  Protectio Numb Numb % WSW DSW Humidity
Treatmen  diarrhea/ n er erwet  Inhibi- (g) = (g) = (%) + SD=
t group (%) dried  stools  tion of SDa SDa2
stools diarrhea
2.54 + 0.6 £
Control 5/5 0 3 13 0 755+135
0.9 0.37
Loperami
220 + 48.4+13.5
de 3/5 40 11 7 46.2 0.96 £0.27
0.9 o k%
(5 mg/kg)
DPBR
1.43 + 543 +12
(250 2/5 60 11 2 84.6 0.57 £0.32
065 o ¥; Bns
mg/kg)
DPBR
132+ 39+78
(500 0/5 100 8 0 100 0.84 +0.50
115 oKk 3 ins
mg/kg)
DPBR
412 +
(1,000 3/5 40 9 9 30.8 09 1.65+0.27 54.8+10.1
mg/kg) '

2 SD: Standard deviation of three independent experiments. WSW: wet stool weight, DSW: dried stool weight.
(WSW — DSW)/WSW) *100. Data were collected 4h after administration of samples or water. One-way analysis
of variance (ANOVA) followed by Dunnett’s multiple comparison test were used to assess differences between
groups. A value of p < 0.05 was considered as statistically significant. * compared to water; P compared to
loperamide, ns: no significant.

3. Discussion

Plant compounds are widely used in traditional medicine for their healing power [21]. With
regards to P. butyracea, previously reported phytochemical studies allowed the identification in seeds
and leaves of various terpenes in essential oils [4,12], as well as xanthones and triterpenes in a
methanol extract [13,14]. P. butyracea seeds also accumulate alkaloids, tannins, phenolics and
flavonoids [15]. The presence of mucilage, coumarins, gallic tannins, flavones, sterols and saponins
was also reported in P. butyracea leave decoctions [4]. The present study focuses on the phytochemical
content, the safety and the antioxidant and in vitro and in vivo antidiarrheic activities of the stem
bark decoctions of P. butyracea which are used in traditional Gabonese medicine as an antidiarrheal
agent.

Various analytical techniques are usually performed for the identification of phytochemicals.
Thin layer chromatography, HPLC, gas chromatography, mass spectrometry and NMR are usually
carried out depending upon the nature of the compounds [22]. In our study, the spectrophotometric
analysis of the stem bark decoctions of P. butyracea first showed that polyphenols are major
metabolites in these samples, although their amounts depend on the season of harvesting and the age
of the tree. Analyses of DPBR by GC-EI-MS allowed the identification of the constitutive monomers
(monosaccharides, diacids and phenolic compounds). Then, UHPLC-ESI-MS/MS analysis revealed
that the flavanone-flavone biflavonoids represent about 75% of the metabolites present in this
decoction. It is to note that biflavonoids have been previously reported in different species of the
Clusiacea family, such as in Pentadesma grandifolia [14]. Rhamnosylglucoside-containing metabolites
were also identified in DPBR by ESI-MS/MS, as well as benzoyl derivatives of polyhydroxy
nonanedioic acid that have never been reported in the literature to date.
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Phenolic compounds, such as flavonoids or their derivatives, are widely used in human health.
However, it remains crucial to evaluate their toxicological risk. Putative toxicity of the DPBR sample
was first investigated in vitro on cell cultures. Our results showed that, even a high concentrations
and for a 48-h period treatment, DPBR did not significantly affect cell survival of two different cell
lines (Fig. S2). Moreover, feeding of rats with up to 2,000 mg/kg of body weight did not reveal any
acute toxicity of DPBR on Wistar rats (Fig. S3). The oral administration of decoction of P. butyracea
was thus considered as safe for Wistar rats considering the OECD toxicity guidelines 423. As a
consequence, absence of toxicity of stem bark decoctions of P. butyracea could justify their use in local
traditional medicine. This result is consistent with previous acute toxicity studies on the
hydroalcoholic extract of P. butyracea seeds which showed no mortality of mice at the dose of 2,000
mg/kg [23], as well as for a leaf extract tested on rats at the dose of 3,000 mg/kg [11].

Antioxidant metabolites are important for human health because of their ability to neutralize
free radicals. Various studies on P. butyracea leaves [11], seeds [15] and fruits [24] have reported the
antioxidant activities of these extracts due to their high phenolic molecule contents. This is
corroborated by our results which show that the polyphenol richest extract DPBD has the highest
antioxidant activity with value of IC50 of 8.1 + 0.6. This is also in accordance with its content in
biflavonoids estimated by UV spectrophotometry by comparison to DPBY and DPBR (Figure 3). The
antioxidant activities of biflavonoids have been previously reported in phytochemical analyses of
Allanblackia floribunda or Garcinia madruno [16,25,26]. It can be assumed that these compounds
perform their radical scavenging activity through the antioxidant activity of their phenolic motifs
[27]. Moreover, the presence of numerous aromatic rings and hydroxyl groups are known to be
essential for the ability of molecules to scavenge free radicals [28].

It has been reported that the oxidative stress could have direct or indirect effects on
gastrointestinal tract responses and could thus be responsible for several troubles including the
gastrointestinal troubles like spasm and diarrhea [29,30]. In vitro evaluation of the contractile activity
showed that DPBR exhibits relaxing effects on smooth muscle of rat in a dose-dependent manner
with 32 +5; 68 + 1.7 and 100% at concentrations of 1; 2 and 4 mg/mL, respectively, against 55 +.4 %
for loperamide, a standard antagonist drug known to reduce propulsive motor activity in the jejunum
[31]. The myorelaxant activity of P. butyracea bark decoction on smooth muscle has not yet been
studied so far. However, several studies have previously reported on the effects of medicinal plant
extracts on the smooth muscle activity. As illustration, the aqueous extract of Spondias mombin barks
tested at 794 ug/mL showed an inhibition of about 95 % of the contraction of rabbit duodenum
fragments [32]. Another study showed that the decoction of Sapium ellipticum inhibits ileal
contractions with an ECso of 33.29 pg/mL [33]. Momordica balsamina aqueous extract was also
demonstrated to relax rabbit smooth muscle at concentrations ranging from 0.4 to 1.6 mg/mL [34].
The aqueous extract of leaves of Morinda morindoides with an EC50 of 360 pg/mL [35], the
hydroalcoholic extract of Curcuma longa rhizomes (at 120 pg/mL) [36] and finally biflavonoids
isolated from Allanblackia floribunda have been also shown to exhibit vasorelaxing activities [24].
Based on this information, the activity observed with the decoction of P. butyracea stem barks led us
to investigate its in vivo antidiarrheal activity induced by castor oil in rats.

Castor oil is able to produce diarrhea symptoms in the same way that physiopathological
processes do. Indeed, castor oil releases ricinoleic acid which causes local irritation and inhibition of
the intestinal mucosa, resulting in the release of prostaglandins that induce gastrointestinal motility,
secretion of water and electrolytes [37,38]. Diarrhea occurs when there is a disturbance in the motility
of the smooth intestinal muscles that leads to a water imbalance in the gastrointestinal tract [39]. In
our study, the antidiarrheal effect of DPBR at doses of 250 mg and 500 mg/kg body weight
significantly delayed the diarrheal onset and decreased the frequency of defecation and weight of
feces in a dose dependent manner. Protection was about 60% and 100% respectively, against 40% for
loperamide tested at 5 mg/kg. The percentage of inhibition of defecation was 84.6% and 100% at the
same doses against 46.2% for loperamide. Loperamide is the standard antidiarrheal agent that
antagonizes the action of castor oil due to its anti-motility and anti-secretion properties [40]. In the
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castor oil-induced diarrhea model, the agents that inhibit the number and weight of fecal matter are
considered to have antidiarrheal activity [41,42].

In our in vivo antidiarrheal assay, the percentage of inhibition of defecation and moisture largely
decreased at a high concentration of DPBR sample (1,000 mg/mL) by comparison of lower doses. This
is likely due to a phenomenon of hormesis which is characterized by an inverted U-shaped dose-
response relationship with a stimulating response to small doses but an inhibitory response at high
doses [43]. This phenomenon of hormesis was reported in previous studies on the antidiarrheal
activity of a-terpineol and of a complex polysaccharide extracted from Anacardium occidentale [44,45].

4. Materials and Methods
4.1. Equipment

A balance Adventurer OHAUS was used for weighing and grinding of barks was performed
using an industrial grinder Reisch:AEG typ: AM 80 NX2. An CHRIST Alpha 1-2 LDplus freeze dryer
was used to dry the extracts. Spectrophotometric analysis was conducted using spectrophotometer
UV-VIS (Drawell). Ultra-high performance liquid chromatography coupled to mass spectrometry
(UHPLC-ESI-MS/MS) analyses were performed using an UHPLC system (Vanquish, Thermo
Scientific, San Jose, CA, USA) coupled to a quadrupole-Orbitrap mass spectrometer (Exploris 120,
Thermo scientific) equipped with an electrospray ionization source. Gas chromatography coupled to
an electron impact mass spectrometer (GC-EI-MS) was performed on an Agilent 8860 GC instrument
coupled to a 5977-mass selective detector (MSD) quadrupole MS instrument (Agilent Technologies,
Palo Alto, CA, USA). The RIKADENKY organ isolation device was used to assess the effect of plant
extracts on smooth muscle, a dissection kit was used to isolate the organs.

4.2. Plant Material

Pentadesma butyracea (Sabine) stem barks were collected in 2020 in Libreville (Gabon). They were
authenticated at the National Herbarium of Gabon (NHG) where a sample is conserved as reference.
In the laboratory, these materials were kept in a glass bell. Two harvests were made from the same
tree, one in the rainy season (R), the other in the dry season (D) and another on a young tree in the
dry season (Y).

4.3. Chemicals

2,2-di(4-tert-octylphenyl)-1-picrylhydrazyl free radical (DPPH), Folin-Ciocalteu reagent;
disodium hydrogen phosphate (NazHPOs), monobasic potassium phosphate (KH2POs), dimethyl
sulfoxide (DMSO), quercetin, gallic acid and ascorbic acid were purchased from Sigma Chemical Co.
(St. Louis, MO, USA). Organic solvents, acids and other chemicals such as ethanol, methanol,
hydrochloric acid, aluminium chloride, sodium carbonate, sodium chloride and potassium chloride
were purchased from Merck (Darmstadt, Germany). All reagents and chemicals were of analytical
grade and the organic solvents were of HPLC grade. All substances were stored in glass containers
at room temperature.

4.4. Animal and Cell Lines Model

Adult Wistar rats were from the animal house of the Institute of Pharmacopoeia and Traditional
Medicine (IPHAMETRA), Libreville, Gabon. These animals were fed with industrial pellets
containing 29% protein and had access to drinking water. All tests were carried out according to
protocols already approved by the Department of Pharmacology and Toxicology of IPHAMETRA
(agreement N° 001; MESRSTT/IPHAMETRA) and met international standards for animal studies [46].
Human cells were embryonic kidney HEK-293 cells (ATCC®, CRL-1573™) and the human cerebral
endothelial cell line (hCMEC/D3; kindly provided by Dr. Pierre-Olivier Couraud, Institute COCHIN,
Paris, France).
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4.5. Preparation of P. butyracea Stem Barks Decoctions

The stem barks were dried at the Department of Traditional Medicine of IPHAMETRA,
Libreville, Gabon, for two weeks and then reduced to a fine powder using a grinder. Five hundred
grams of the ground material were placed in a volume of 2 L of distilled water, brought to the boil at
100°C and stirred for 1 h. The aqueous solute was filtered, frozen, freeze-dried and named according
to the collect period and oldness of the tree as such: DPBR (rain season), DPBD (dry season) and
DPBY (young tree). The extract yields were calculated using the ratio of the mass of the decoction
extract to the ground material. For bioassays, decoctions were then solubilized in 1% DMSO in water.

4.6. Determination of Total Phenolic Contents

The total phenol contents (TPC) of the decoctions of P. butyracea stem barks were determined by
measuring the reduction of the Folin—-Ciocalteu reagent into a blue solution by complexation of
phenolic compounds of the samples [47]. Briefly, 1.5 mL of a Folin-Ciocalteu solution (10% in distilled
water) was mixed with 500 pL of bark decoctions (1 mg/mL in distilled water) and then allowed to
stand for 10 min. Afterward, 2 mL of 7.5% (w/v) sodium carbonate solution was added in each tube
and kept at 37°C for 1 h in the dark. Then, the absorbance of respective solutions was determined at
A =760 nm on a UV-VIS spectrophotometer against the reaction mixture (water + 10% Folin solution
+7.5% sodium carbonate) as a blank. Concentrations of gallic acid from 10 to 60 pg/mL were used to
draw a standard calibration plot. TPC of decoctions were estimated as microgram of equivalent gallic
acid (GAE) per milligram of extract (ug gallic acid/mg). The following formula was applied to
calculate the total concentration of phenolic content: TPC = P x V/m where P is the gallic acid
concentration in mg/mL, V is volume (mL) of the sample used in the extraction and m is the weight
of pure dried sample used (mg). All tests were carried out in triplicates.

4.7. Determination of Total Flavonoid Contents

The total flavonoid contents (TFC) of the decoctions of P. butyracea stem barks were determined
using the aluminium chloride (AlCls) method [48]. Briefly, 1 mL of decoctions at 1 mg/mL in distilled
water or standard quercetin solution (1 mL, 10 to 40 pg/mL) was added to test tubes containing 500
uL of 2% AICls in methanol. The solutions were mixed properly and tubes were kept at room
temperature for 1 h. The appearance of yellow colour indicated the presence of flavonoids. The
absorbance was measured at A =430 nm against the reaction mixture (methanol + 2% AICls) as blank.
The TFC were estimated as microgram of equivalent of quercetin (QE) per milligram of extract (ug
quercetin/mg) by the equation below to estimate the total flavonoid content: TFC = F x V/m where F
represents the quercetin concentration (pg/mL), V is the volume (mL) of sample used in the extraction
and m represents the weight of pure dried sample used (mg). All tests were carried out in triplicates.

4.8. Gas Chromatography Coupled to an Electron Impact Mass Spectrometer (GC-EI-MS)

For analysis of metabolites of decoctions of P. butyracea stem barks by gas chromatography
coupled to electron ionization mass spectrometry (GC-EI-MS), 1 mg of sample was first submitted to
a methanolysis by heating the sample in 1 M HCI in methanol at 80°C overnight to convert
monosaccharides and phenolic compounds into their O-methyl glycosides/esters. After evaporation
of the methanol-HCl solution, the samples were then trimethylsilylated by heating for 20 min at
110°C in hexamethyldisilazane: trimethylchlorosilane: pyridine (3:1:9). After evaporation of the
reagent, the samples were dissolved in cyclohexane before being analysed by GC-EI-MS that was
performed on an Agilent 8860 GC instrument coupled to a 5977-mass selective detector (MSD)
quadrupole MS instrument (Agilent Technologies, Palo Alto, CA, USA). Separations were carried out
on a CP-Sil 5CB capillary column (Agilent Technologies) with a film thickness of 250 pum. The carrier
gas was 99.9% helium of at a flow rate of 1.3 mL.min"!. The injector and ion source temperatures were
set to 280 and 230°C, respectively. Samples were injected with 1:15 split mode. The temperature of
the GC oven was first maintained at 40°C for 3 min and then increased up to 160°C at a rate of
15°C.min! then up to 280°C at a rate of 1.5°C.min". For electron impact mass spectrometry (EI-MS),
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ionization energy was 70 eV. Acquisitions were performed in full scan mode over a 50-550 mass range
with a solvent delay time of 3 min. GC-EI-MS analyses were carried out in triplicate.

4.9. Ultra-High Performance Liquid Chromatography Coupled to a Quadrupole-Orbitrap Mass Spectrometer
(UHPLC-ESI-MS/MS)

Five mg of each sample was dissolved 1 mL of HPLC grade water and then filtrated through an
0.5 mL centrifugal filters Ultracel 10 kDa (Amicon) to remove high molecular weight compounds and
impurities. The UHPLC-ESI-MS/MS analyses were performed using an UHPLC system coupled to a
quadrupole-Orbitrap mass spectrometer equipped with an electrospray ionization source. The
chromatographic separations were performed using a C18 silica-based column (Acquity UPLC HSS
T3, 1.8 pm, 1.0 mm x 100 mm, Waters Corporation, Milford, MA, USA) with a prefilter of 0.2 um,
kept at 50°C during the analysis. Solvents (water and acetonitrile) were LC-MS grade (Fisher
Chemical Optima). Formic acid was from LiChropur (Merck). An autosampler kept the samples at
6°C. The injection volume was 3 uL. The solvents used for gradient separation were 0.1% (v/v) formic
acid in water as mobile phase A and 0.1% (v/v) formic acid in acetonitrile as mobile phase B. The flow
rate was 0.4 mL/min. The elution gradient was first 1 % B for 1 min, then increased linearly to 100 %
B over 20 min and then maintained at 100 % B for 8 min. Samples were analysed in both negative and
positive modes. The ESI source parameters were as follows: spray voltage 3,500 V and 3,000 V for
positive negative modes, respectively, sheath gas 35 (arbitrary unit), auxiliary gas 10 (arbitrary unit),
sweep gas 2 (arbitrary unit), ion transfer tube 320°C and temperature of vaporizer 275°C. Data
dependent acquisitions were carried out in both positive and negative modes. MS1 resolution was
set at 60,000 with a standard AGC target, a maximum injection time set to auto, a microscan to 1, RF
lens to 70%, and a scan range from m/z 80 to 1200. EASY-IC internal standard was used. For MS/MS,
resolution was set at 15,000 with a maximum injection time of 50 ms. The isolation window was of 2
m/z, dynamic exclusion was set at 4 s, mass tolerance was + 2 ppm and the precursor intensity
threshold set at 5.105 in positive mode and 1.105 in negative mode. The HCD collision energies were
15%, 40% and 60% in both positive and negative ion modes. Data processing was carried out using
MZmine 2 (version 2.53). Annotation was performed based on accurate mass measurements and
MS/MS spectra according to the literature data.

4.10. UV-VIS Spectroscopy

Solutions of 1 mg/mL in water of DPB decoctions were centrifuged at 3,000 rpm for 10 min and
filtrated through a Whatmann n°1 filter paper. The sample were then diluted to 1:10 and scanned at
wavelengths ranging from A = 230 to 500 nm using a UV-VIS spectrophotometer. Spectra were
recorded in triplicates.

4.11. Antioxidant Assay

The free radical scavenging activity of decoction of P. butyracea stem barks was determined by
the 2,2-di(4-tert-octylphenyl)-1-picrylhydrazyl (DPPH) method with some modifications [49]. Briefly,
1mL of 2.5 mM DPPH in methanol was combined with 1 mL of decoctions at concentrations ranging
from 50 et 1,000 pg/mL. The mixture was shaken and then incubated for 1 h in the dark at room
temperature. The absorbance was then measured at A = 517 nm. Ascorbic acid was used as reference
and the percentages of DPPH radical scavenging activity were calculated using the following
formula: % inhibition DPPH = [Ac — As) / Ac] x 100 where Ac represents the absorbance of the blank
containing methanol and DPPH (v: v) and As represents the absorbance of the samples containing
DPPH and extracts or reference. The IC50 was calculated by plotting the percentage of radical
scavenging activity against different concentrations of sample using nonlinear regression with Graph
Pad Prism version 8.4.3.686. All assays were carried out in triplicate.
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4.12. In Vitro Cytotoxicity Assay

Human embryonic kidney HEK-293 cells (ATCC®, CRL-1573™) were cultivated in Dulbecco’s
modified Eagle’s medium (DMEM, Gibco) completed with fetal bovine serum (FBS 10%, Eurobio),
antibiotic-antimycotic solution (penicillin/streptomycin/fungizone, 1%, Sigma-Aldrich) and sodium
pyruvate (1%, Gibco). The human cerebral endothelial cells (hCMEC/D3) were cultivated in flasks
previously coated with collagen I (50 pg/mL in sterile phosphate buffered saline (PBS), 1 h, 37 °C) in
EndoGroTM MV medium (Merk Millipore, containing: 5% FBS, 5% glutamine, 0.2% EndoGRO-LS
nutrient supplement, 0.1% epidermal growth factor, 0.1% hydrocortisone, 0.1% heparin sulphate and
0.1% ascorbic acid). Both HEK-293 and hCMEC/D3 cell lines were maintained at 37 °C and 5% CO:z
ina humidified atmosphere.

For the cell survival assay, HEK-293 cells (20,000 cells/well) and hCMEC/D3 (10,000 cells/well)
were placed in a white flat bottom 96-well plate (Corning) previously coated with poly-D-lysine
(Corning) (30 uM in Hz20, 1 h, 37 °C) or collagen I (50 pg/mL in PBS, 1 h, 37 °C), respectively. After
24h, cells were rinsed with Dulbecco’s PBS (dPBS, Sigma-Aldrich) and incubated for 6, 24 or 48 h in
a FBS-free medium in the absence or presence of graded concentrations of DPBR (1, 10 or 100 pig/mL).
After incubation, the Cell Titer-Glo® luminescent Cell Viability Assay (Promega) was used to quantify
cell viability following the manufacturer’s protocol. The luminescence was measured using the
InfinitePro200 plate reader (TECAN). Cytotoxicity assays were carried out in triplicate.

4.13. Acute Toxicity Assay

Wistar rats were subjected to an evaluation of the acute toxicity induced by DPBR sample
according to established OECD 423 guidelines [50] and the Guide for the Care and Use of Laboratory
Animals [46] with some modifications. A prior approval agreement (N° 001 MERSTT/IPHAMETRA)
was obtained from the Ethics Committee on the Use of Animals of the Institute of Pharmacopoeia
and Traditional Medicine IPHAMETRA). The animals were divided into two groups of six (three
males and three females) and fasted for 24 h before the experiment. The Wistar rats tested received
orally the DPBR sample at a single dose of 2,000 mg/kg. Control animals received only distilled water
and all were kept in the same Environmental conditions. Animals were strictly observed for
physiological symptoms such as weight loss, diarrhea, tremor, lethargy and paralysis periodically for
the first four hours during the 72-h period and later were followed per day for 14 days for any
lethality.

4.14. In Vitro Antidiarrheal Assays on Excised lleum Fragments

In vitro antidiarrheal assays were performed according to the literature with some modifications
[33]. Pieces of ileum were taken from Wistar rats and preserved during the tests in Mac Ewen’s
physiological solution. Fragments measuring 0.5 to 0.9 cm were fixed in a tank, called a survival tank,
in an aerated thermostatic bath at 37°C. The basic activity (ileum contractions) of the organ was
recorded, then the organ was subjected to different concentrations of the decoction. The dose-
response curves of the plant extract at 1, 2 and 4 mg/mL were recorded. The value of the amplitude
before administration of the extracts was considered as a reference. The effects of the decoction on
the intestinal spasms were expressed as a percentage of inhibition = ((AB — AE)/ AB) x 100 where AB
is the average of tone spasms basal and AE is the average of spasms in the presence of the extract
[51]. Mac Ewen physiological solution was composed (in mM) of NaCl (130), KCI (5.63), CaCl2(5.52),
Na:HPOs (0.93), NaHCO:s (11.9), MgCl2 (0.24) and glucose (11), pH 7.4. All tests were carried out in
triplicate.

4.15. In Vivo Antidiarrheal Assays

In vivo antidiarrheal assays were performed according to the literature with some modifications
[33]. Twenty-five Wistar rats (170-230 g) were fasted for 24 h with access to water and divided into
five groups of five animals. The DPBR sample at doses of 250, 500 and 1,000 mg/kg body weight were
administered orally to each group. The fourth group received distilled water (negative control), while
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the fifth group received the standard drug loperamide at 5 mg/kg body weight. One hour after the
drug pre-treatment, all of the animals received orally castor oil 10 mL/kg body weight. Subsequently,
each group of animals was kept separately in cages on a Whatmann paper for the collection of
diarrheal faeces. The animals had access to water and food throughout the experiment. The severity
and consistency of diarrhea was observed hourly for 4 h after castor oil administration. The
percentage of protection, inhibition of diarrhea and humidity were calculated by the following
formulas : Percentage of inhibition of diarrhea = (total number of diarrheal stools in the negative
control — total number of diarrheal stools in treated group) / total number of diarrheal stools in the
negative control) x 100 [52]; percentage of protection = (number of rats without diarrheal stools / total
number of rats) *100 [52] and percentage of humidity = (WSW — DSW)/WSW) x100 where WSW is
the wet stool weight and DSW is the dried stool weight [51].

4.16. Statistical Analysis

We used Graph Pad Prism version 8.4.3.686. (GraphPad Software Inc., San Diego, CA, USA) for
statistical analyses. Results were presented as mean + standard deviation (SD) of replication
determinations according to the assay. One-way analysis of variance was used to determine the
significant difference (p<0.05) between concentrations. In addition, Dunnett’s multiple comparisons
test and/or Sidak’s multiple comparison test were used to evaluate the difference between the
treatment means. The ICso and ECso values were calculated using nonlinear regression.

5. Conclusions

In the present study, the phytoconstituents of a decoction of stem barks of P. butyracea were
identified by spectrophotometric assays and mass spectrometry analyses. A total of 14 compounds
were identified in P. butyracea stem barks. Main metabolites are biflavonoids (75% of metabolites). In
addition, rhamnosylglucoside-containing metabolites were identified by ESI-MS/MS, as well as
benzoyl derivatives of polyhydroxy nonanedioic acid that have never been reported in the literature
so far. Pharmacological analyses showed that the decoction of the stem barks of P. butyracea exhibits
antidiarrheal activities and no cytotoxicity. Previous studies have shown that biflavonoids from
Allanblackia floribunda have vasorelaxant activities [36]. We thus postulate that the biflavonoids which
are predominant in the decoction of P. butyracea stem barks are responsible for the observed
antidiarrheal activities. However, a study on the effect of pure biflavonoids has to be performed for
confirmation. As a consequence, potent in vitro and in vivo antidiarrheal activities of biflavonoids of
the decoction of P. butyracea stem barks are consistent with its use in traditional medicine to treat
diarrhea and emphasized the potential of these plant extracts as a future source of new antidiarrheal
drugs.

UV profiles and the spectrophotometric quantification of polyphenols in DPB extracts showed
that the amounts of biflavonoids in stem barks depend on the season of collection and age of P.
butyracea trees. Antioxidant assays support these phytochemical analyses with activities of DPBD and DPBY
higher than DPBR. This is a major concern in an ethnopharmacological point of view because
biflavonoid contents vary by about a factor of three between samples analysed in this study. This
may compromise the efficiency of stem bark decoctions in the treatment of diarrhea because contents
in active molecules may differ from one preparation to another. However, quantification of
biflavonoids by spectrophotometry or by UV at specific wavelength may help in a batch-to-batch
control protocol of bark decoctions for local pharmaceutical prescribing.

Supplementary Materials: The following supporting information can be downloaded at: Preprints.org, Figure
S1: EI-MS (a) and ESI-MS/MS (b) spectra of pentahydroxy 2, 3, 4, 6, 7 nonanedioic acid. For GC-MS analysis, the
diacid was analysed as a methylester trimethylsilyl (TMS) derivative. (c) ESI-MS/MS spectrum of [M-H]" at m/z
387.093 of 2-hydroxybenzoyl pentahydroxy 2, 3, 4, 6, 7 nonanedioic acid; Figure 52: Survival percentage of two
human cell lines, HEK-293 and hCMEC/D3, incubated with 100pg/mL of DPBR; Figure S3. Body weight gain of
the Wistar rats during 14-day period after treatment with 2,000 mg/kg of DBPR compared to the control group.
Table S1: Metabolite annotation by GC-MS analysis of the DPBR sample after methanolysis and
trimethylsilylation. Percentage of each metabolite was determined on the basis of the relative ratio in GC-EI-MS
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of the corresponding peak area and relative response factors determined on standard monosaccharides. (¥)
Selective fragment ions.
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