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ABSTRACT

Typhoid fever is a disease caused by a microbe of the specie Salmonella enterica. It causes
a lot of damage in the world. The remedy used to treat this disease is ciprofloxacin. But these
salmonellas have developed forms of resistance to these remedies, hence the need to seek new
therapeutic agents. The use of plants in traditional medecine suggest that they contain bioactive
molecules that can be used in the treatment of this disease.

This thesis reports the phytochemical investigation of a cameroonian medicinal plant:
Detarium microcarpum Guill. Perr. (Caesalpiniaceae) and the antisalmonella assay of the
hydroethanolic extracts, fractions and some isolated compounds. Twenty-five compounds were
obtained from the procedures described in this work, and eighteen were fully characterized
among which three new derivatives. The method used for the isolation of the compounds was
mainly column chromatography. Structure elucidation was achieved mainly by NMR
spectroscopy including IR spectroscopy, mass spectrometry and 1D and 2D-NMR (COSY,
HMQC, HMBC and NOESY).

A bio-guided investigation of the methanolic and hydroethanolic extracts of the fruits of
D. microcarpum led to the isolation and the characterization of ten compounds while the
hydroethanolic extracts of root bark and root wood afforded eight compounds. They belong to
six classes of natural substances and were classified as follows:

e Three diterpenoids: one of the clerodane type known as (4aR, 5S, 6R, 8aR) 5-
(carboxymethyl)-5,6,8a-trimethyl-3,4,4a,5,6,7,8,8a-octahydronaphthalene-1-carboxylic  acid
118 and two of the labdane type, including a new one to which the trivial name microcarpin
116 was assigned and another known as rhinocerotinoic acid 117,

e One new cyanogenic derivative to which we assigned the name Microcarposide 114,

e  One new ceramide to which the trivial name microcarpamide 115 has been assigned,

e  One xanthone : 1,7-dihydroxy-6-methylxanthone 129,

e Two flavonoids: luteolin 131 and epicatechin 132,

e  Five pentacyclic triterpenes: ursolic acid 123, alphitolic acid 121, betulinic acid 120,
30, 24a-dihydroxylup-20 (29) -en-28-oic acid 122 and lupeol 119 all known,

e  Four phytosterols: S-sitosterol 128 and its 3-O-f-D-glucopyranoside derivative 125,
stigmasterol 127 and its 3-O-#-D-glucopyranoside derivative 126 and the mixture of p-
sitosterol and stigmasterol 124,

e  One phenolic compound: methyl gallate 130.
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Crystallographic data of acid (4aR, 5S, 6R, 8aR)-5-(carboxymethyl)-5,6,8a-trimethyl-3,4,4a,
5,6,7,8,8a-octahydronaphthalene-1-carboxylic and microcarpine are presented here for the first
time. Rhinocerotonoic acid has been transformed to its hydroxylated derivative with the aim of
studying its structure activity relationship. Microcarposide, rhinocerotinoic acid and
microcarpamide exhibited moderate antisalmonella activity in vitro against three strains namely
S. typhi, S. enteritidis and S. typhimurium with a MIC values of 62.5, 31.25, and 31.25 ug/mL,
respectively. The results of in vitro and in vivo tests on the same Salmonella strains with a MIC
value of 1.95 xg/mL, in addition to the low acute and subacute toxicity of the hydro-ethanolic
root-bark extract obtained, allowed us to perform a pre-formulation of a phyto-drug in the form
of a syrup, to be used for the treatment of typhoid fever.

Key words: Detarium microcarpum, antisalmonella activities, S. typhi, S. Enteritidis, S.

typhimurium, pre-formulation.
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RESUME

La fiévre typhoide est une maladie causee par des microbes des espéces des Salmonella
enterica. Elle cause de nombreux dégats dans le monde. Le reméde utilisé pour traiter cette
maladie est la ciprofloxacine. Mais ces salmonelles ont développé a 1’égard de ces remedes des
formes de résistance, d’ou la nécessité de chercher de nouvelles cibles thérapeutiques.
L’utilisation des plantes en médecine traditionnelle laisse penser qu’elles contiendraient de
molécules bioactives pouvant servir dans le traitement de cette maladie.

C’est ainsi que cette thése rapporte les résultats des investigations phytochimiques faites
sur Detarium microcarpum Guill. Perr., une plante médicinale camerounaise de la famille des
Caesalpiniaceae, et les activités antisalmonelle des extraits, fractions et de certains des
composés isolés. Vingt-cing métabolites secondaires ont été isolés a 1’aide des méthodes
usuelles de séparation et dix-huit ont été entierement caractérisés parmi lesquels trois dérivés
nouveaux. Les structures de ces composés ont été élucidées a 1’aide des techniques
spectroscopiques modernes telles la spectroscopie IR, la spectrométrie de masse et la RMN 1D
et 2D (COSY, HMQC, HMBC, NOESY).

L’investigation phytochimique par la méthode bio-guidée des extraits méthanolique et
hydroethanolique des fruits de D. microcarpum ont conduit a I’isolement et a la caractérisation
de dix composés, tandis que les extraits hydroethanoliques des écorces et du bois des racines
ont conduit a huit composés. Ces composés appartiennent a six classes de substances naturelles
et ont été classés comme suit :

* Trois diterpénoides : parmi lesquels, un du type clérodane I’acide (4aR,5S,6R,8aR) 5-
(carboxyméthyl)-5,6,8a-triméthyl-3,4,4a,5,6,7,8,8a-octahydronaphtaléne-1-carboxylique 118
et deux du type labdane, dont un dérivé nouveau auquel le nom trivial de microcarpine 116 lui
a été attribué et un autre appelé acide rhinocérotinoique 117 isolé pour la premiere fois de cette
espéce,

» Un dérivé cyanogénique desmoside nouveau, auquel nous avons attribué le nom de
Microcarposide 114,

« Une céramide nouvelle auquel le nom trivial de microcarpamide 115 lui a été attribué,

* Une xanthone : 1,7-dihydroxy-6-méthylxanthone 129,

* Deux flavonoides : la lutéoline 131 et I'épicatéchine 132,

« Cinq triterpénes pentacycliques : acide ursolique 123, acide alphitolique 121, acide
bétulinique 120, I’acide 3p,23p-dihydroxylup-20(29)-en-28-oique 122 et lupéol 119 tous

connus,
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» Cinq phytostérols : le p-sitostérol 128 et son dérive 3-O-4-D-glucopyranoside 125, le
stigmastérol 127 et son dérivé 3-O-4-D-glucopyranoside 126 et le mélange du g-sitostérol et du
stigmastérol 124,

» Un composé phénolique : le gallate de méthyle 130.

Les données critallographiques de I’acide (4aR,5S,6R,8aR)-5-(carboxymethyl)-5,6,8a-
trimethyl-3,4,4a,5,6,7,8,8a-octahydronaphthalene-1-carboxylique et du microcarpine sont
présentées pour la premiere fois. L’acide rhinocérotonoique a été transformée en son dérivé
hydroxylé dans le but potentialiser son activité. Le microcarposide, 1’acide rhinocerotinoic et
le microcarpamide ont exhibé une activité antisalmonelle modérée in vitro contre trois souches
a savoir S. typhi, S. enteritidis and S. typhimurium avec des valeurs de concentration minimale
inhibitrice (CMI) de 62.5, 31.25, and 31.25 ug/mL, respectivement. Les résultats de tests in
vitro et in vivo sur les mémes souches de salmonelles avec une valeur de CMI de 1.95 ug/mL,
associé a la faible toxicité aigue et subaigue de I’extrait hydro-éthanolique des écorces des
racines obtenues, nous ont permis d’effectuer un essai de pré-formulation d’un
phytomédicament sous forme d’un sirop, devant étre utilisé pour le traitement de la fiévre
typhoide.

Mots clés : Detarium microcarpum, activités antisalmonelles, S. typhi, S. Enteritidis, S.

typhimurium, pré-formulation.
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GENERAL INTRODUCTION

Typhoid fever is a bacterial enteric infection that continues to cause a considerable
burden to about 5.5 billion people living in low- and middle-income countries (LMICs). Central
Africa more precisely the Cameroon, was predicted to experience the highest incidence of
typhoid, followed by certain countries in Central, South, and Southeast Asia (Antillon et al.,
2017). Investigators from the US Centers for Disease Control and Prevention estimated that
there are about 21.6 million typhoid cases annually, with the annual incidence varying from
100 to 1000 cases per 100,000 populations (Antillon et al., 2017). This disease still remains an
important global health problem with an estimated 16 million cases leading to 600,000 deaths
yearly (Date et al., 2014), mainly occurring in developing countries due to poor hygiene (WHO,
2018). Typhoid fever is caused by Salmonella enterica serovar typhi and para-typhi, pathogens
specific only to humans (Song et al, 2010). In response to an outbreak of typhoid fever in 2010,
the World Health Organization (WHQO) approved ciprofloxacin as the drug of choice for its
treatment in all age groups, except in pregnant women, for inpatients as well as outpatients
(WHO, 2011). But, an increasing rate of the development of resistance to conventional used
antibiotics such as ciprofloxacin, remains a preoccupation for researchers, and has led to the
search for new drugs more effective, affordable and readily available as therapeutic agents (Li
etal., 2018).

One approach consists of targeting key enzymes that are associated with the disease
process. In vitro studies showed that some plant extracts are active against antibiotic resistant
S. typhi clinical isolates (Doughar et al., 2007). The significance of natural products in health
care is supported by the WHO which reported that about 80% of the world’s population still
relies on traditional medicines for healthcare in general (WHO, 2018), and in certain African
countries, up to 90% of the population still relies exclusively on plants as a source of medicines
(WHO, 2019). Despite the constant development of synthetic pharmaceutical chemistry,
including combinatorial chemistry and microbial fermentation, the pharmaceutical industry has
realized that plants represent a huge reservoir of active substances. Natural compounds and
their analogs represent over 50% of all drugs in clinical use (Baladrin et al., 1993). It is also
estimated that 74% of the most important drugs contain active ingredients from plants (Arvigo
et al., 1993). Plants are unique chemical factories, capable of synthesizing unlimited numbers
of highly complex and unusual chemical substances whose structures could escape the

imagination (Kayser et al., 2003).



Hence, the research around the world has turned to natural plants for ethno-medical
purposes with the aim of rationalizing their use in one hand, and promoting traditional medicine,
on the other hand. This practice also aims to obtain the active extracts or fractions that can go
into the manufacture for new, more effective and less toxic phytodrugs. One of such novel
source is the use of natural antimicrobial compounds such as plant-derived products (spices,
essential oils, extracts or the consumption of herbal teas alone or in combination with
antibiotics) (Oyewole et al., 2012). Herbal teas contain biologically active chemical substances
(secondary metabolites) such as; polyphenols (flavonoids, phenylpropanoids, rosmarinic acid,
catechins, tannins, polyketides), and terpenoids (mono-, di- and sesquiterpenes, iridoids,
saponins) which synergistically act together thereby enhancing their activity (Malongane et al.,
2017). These secondary metabolites are multitarget agents modulating the activity of proteins,
nucleic acids and biomembranes in a less specific way in cells of animals (Wink, 2015).

Many plant species are used in Cameroonian traditional medicine to treat infectious
diseases, and several interesting openings have originated for further inquiry following in vitro
and in vivo antimicrobial activity evaluation (Kuete et al., 2010). Among these plants used,
Detarium microcarpum, is a small tree or shrub that occurs in the tropical zone of Africa
(Kouyaté & van Damme, 2006). Moreover, the ethnopharmacological uses, specifically for
treatment against typhoid, inflammation and the close connection between
inflammatory/infectious diseases (Aquino et al, 1992) led us to chemically investigate and
evaluate the antibacterial properties of this plant.

To the best of our knowledge, phytochemical and pharmacological investigations have
not been reported on the Cameroonian species. The widespread uses of this plant in traditional
medicine for the treatment of several ailments, its great antimicrobial potential and the
availability of literature justified our choice. The aim of this work was the chemical
investigations and evaluation of antisalmonella properties of Detarium microcarpum Guill. et
Perr. (Caesalpiniaceae), based on the bio-guided process and to chemically investigate the
active fractions of the selected plant extracts. More specifically:

» To prepare the plant extracts and assess their antisolmonella activities;
» To characterize their secondary metabolites;
» To pre-formulate a phytodrug from the extract or the most active fraction.

Thiswork is divided into three chapters. The first chapter deals with the literature review
which concern the botanical and ethnobotanical aspect, the previous phytochemical and
pharmacological studies. The second chapter is related to the presentation and discussion of the



results from our personal work. In the third chapter entitled experimental part, will be presented
the material and method used to obtained the results.



CHAPTER I:
LITERATURE REVIEW



1.1. OVERVIEW ON SALMONELLOSIS
Human pathogenic bacteria are the cause of multiple infectious diseases, especially in

developing countries, and are still wreaking havoc. Among these pathogenic bacteria, those of
the genus Salmonella, which cause salmonellosis, are one of the leading causes of long
hospitalizations and treatments. Salmonellosis covers two main types of infection including
typhoid and paratyphoid fevers and non-typhic (or non-typhoid) salmonellosis (Ramkumar et
al, 2012).

1.1.1. Overview on typhoid fever

1.1.1.1. Definition

Typhoid fever, also known as typhoid, is an acute, highly infectious and a common
worldwide bacterial disease, caused by the bacterium S. enterica, S. typhi (Giannella, 1996).
The term "enteric fever" is a collective term that refers to typhoid and paratyphoid (Parry and
Beeching, 2009).

1.1.1.2. Different types of Salmonella species

Salmonella spp. are Gram-negative flagellated non-capsulated, non-sporulating,
facultative anaerobic bacillus bacteria that can cause food- and waterborne gastroenteritis and
typhoid fever in humans (Ramkumar et al, 2012). Since 2004, the genus Salmonella is known
to have three species including Salmonella enterica, S. bongori and S. subterranean (Preeti et
al, 2012). The main species is S. enterica, which itself comprises six subspecies divided into
several serovars including dublin, enteritidis, infantis, paratyphi, typhi, typhimurium, virchow,
etc (Preeti et al, 2012). They can also cause non typhoid salmonellosis. Salmonella that are
strictly adapted to humans including S. typhi, S. paratyphi A, S. paratyphi B and certain strains
of S. paratyphi C, cause typhoid and paratyphoid fevers (Pennec and Garré, 2003). S. typhi
infects only humans while S. paratyphi A and S. paratyphi B infects both humans and other
animals (Pilly, 1992). S. typhimurium induces systemic infection in mice and just a localized
gastroenteritis in humans. However, certain species of S. typhimurium can cause systemic
infections in humans (Wilkins and Roberts, 1988). The infection dose of Salmonella is not well
defined and varies widely, but for humans, a dose of 10* CFU has been considered for S. typhi;
this dose is higher for other serotypes (Bryan, 1977).

Salmonella can be responsible for bacteremia, a short-lasting bacteremia during the early
stage of the pathogenesis rather. This bacteremia is short lasting because the bacteria are rapidly
captured and killed by phagocytes. S. typhimurium and sometimes S. enteritidis are exceptions

because they can lead to systemic infections, notably where phagocytosis abnormality exists
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(sickle cell) (Berk, 2008). These salmonellae multiply in the lamina propria and provoke
diarrhea by the production of toxin, just like in cholera, and by the induction of inflammation
mediators, which modify the transport of electrolyte and liquid through the mucous (De Jong
et al., 2012). Virulence factors are coded by the genes present on the chromosome (S. typhi),
explaining the gravity of the infection, or by genes present on the chromosome and plasmid
(e.g. S. typhimurium), explaining why for the same serovar, a strain can be more pathogenic
than the other (Pennec and Garre, 2003).

1.1.1.3. Transmission of Salmonella

Typhoid is a common worldwide bacterial disease transmitted by the ingestion of food or
water contaminated with the feces of an infected person, which contain the bacterium S.
enterica, S. typhi (Giannella, 1996). The bacteria which causes typhoid fever may be spread
through poor hygiene habits and public sanitation conditions, and sometimes by flying insects
feeding on feces. The bacterium grows best at 37°C, corresponding to human body temperature.
A person may become an asymptomatic carrier of typhoid fever, suffering no symptoms, but
capable of infecting others. According to the CDC, approximately 5% of people who contract
typhoid continue to carry the disease after they recover (NYT, 1938).

1.1.1.4. Physiopathology of typhoid fever

After ingestion, the typhic bacilli adhere to the enterocytes and the lymphoid follicles (M
cells of Peyer's plagques); they are internalized by the actin-dependent system. They access the
lamina propria and they are phagocytosed by the macrophages in which they multiply and join
the mesenteric nodes. Some bacilli enter the blood flow; most of them are destroyed in the
lymph nodes. Their lysis releases the endotoxin, which will permeate the nerve endings of the
abdominal neurovegetative system, creating intestinal lesions, which are then invaded by the
Salmonella eliminated in the bile. The endotoxin diffuses throughout the body and binds to the
diencephalic nerve centers and to other organs, including the myocardium (Damilola et al,
2015).

1.1.1.5. Diagnosis of typhoid fever

Diagnosis is made by any blood, bone marrow, urine or stool cultures and with the Widal
test (demonstration of Salmonella antibodies against antigens O-somatic and H-flagellar). In
epidemics and less wealthy countries, after excluding malaria, dysentery or pneumonia, a
therapeutic trial time with chloramphenicol is generally undertaken while awaiting the results
of Widal test and cultures of the blood and stool (Ryan and Ray, 2004). The Widal test is time



consuming and oftentimes when diagnosis is reached, it is too late to start an antibiotic regimen
(Parry and Beeching, 2009).

1.1.1.6. Bacterial cultures, serology and PCR
The common tests for Salmonella include blood cultures, co-cultures, the principle of
Widal and Félix's serodiagnosis and PCR.

- Blood cultures: they are positive in 90% of cases in the first week, 75% in the second week
and only 40% in the third week. 10 mL of blood for adults and 5 mL for children should be
inoculated, as the number of bacteria in the blood is generally low. The inoculation is carried
out in a Castaneda bottle (Meier et al., 2019).

- Co-cultures: they are positive in the second week (between 40 and 80% of cases). It is
necessary to inoculate on selective medium such as Salmonella - Shigella medium (SS
medium), taking into account the presence of many other bacteria in the stool (Chen et al.,
2014).

- The principle of Widal and Félix's serodiagnosis: it is the search for agglutinins O and
H. Agglutinins O are positive on day 8 to 10, agglutinins H on day 10-12. They are therefore
present in the second septenary. A level > 1/200 for agglutinins O and H is usually used as a
limit for the positivity of the test. Several serodiagnostics are necessary to monitor the
development of agglutinins. The agglutinins O disappear in 2 to 3 months. The agglutinins H
persist for several years (Agbenu et al., 2010). Widal's serodiagnosis has low sensitivity and
low specificity when practiced routinely. The reference technique is agglutination in a tube and
not on a plate, as it is practiced routinely (Zorgani and Ziglam et al., 2014).

- PCR: it is used for early diagnosis while recommending the use of the Widal and Félix test
when there is a suspected diagnosis and eliminating it as a screening test. The PCR
amplification test of cultures from blood samples performs better than routine blood cultures to
diagnose persistent typhoid fever (Mackay et al., 2002).

1.1.1.7. Treatment of typhoid fever

The treatment of typhoid fever and paratyphoid fevers is based on antibiotics with strong
intracellular penetration, especially intra macrophage.

The availability of generic fluoroquinolones, which initially had preserved activity in
many parts of the world, permitted a treatment option in primary care settings, and this group
of antibiotics soon became the standard of care for typhoid among teenagers and adults (Rowe
et al., 1987). Where resistance is uncommon, the treatment of choice is a fluoroquinolone such
as ciprofloxacin (Parry and Beeching, 2009; Effa et al., 2011). Otherwise, a third-generation



cephalosporin such as ceftriaxone or cefotaxime is the first choice (Soe and O., 1987; Wallace
et al., 1993). Cefixime is a suitable oral alternative (Bhutta et al., 1994; Cao et al., 1999).
Typhoid fever in most cases is not fatal. Antibiotics, such as ampicillin, chloramphenicol,
trimethoprim-sulfamethoxazole, amoxicillin and ciprofloxacin, have been commonly used to
treat typhoid fever in developed countries. Prompt treatment of the disease with antibiotics
reduces the case-fatality rate to approximately 1%. When untreated, typhoid fever persists for
three weeks to a month. Death occurs in between 10% and 30% of untreated cases. In some
communities, however, case fatality rates may reach as high as 47% (Dultta et al., 2001). The
guidelines for drug treatment of typhoid fever is summarized in Table 2.

Table I : Guidelines for drug treatment of typhoid (Abhishek and Vinod, 2012)

Antibiotic Daily dose Route! Dose/ | Duration
day
Typhoid fever
OH OH 50-75 mg/kg p.o./i.m./i.v2, 4 14 days
/©)\H Cl
o\\&_ HNTH\C'
o) o]

Chloramphenicol (1)

Sulfameth?_(')xazole Trimethoprim, 6.5-10 | p.o./im./i.v. | 20r3 | 14 days
o}
N\ ,N
S\\ WCHS mg/kg
/©/ O N-g Sulfamethoxazole, 40
HoN
Trimethoprim mg/ kg
NH,
A -
H,N™ °N OCHg3
OCHj3

Co-trimoxazole (2)

NH, 75-100 mg/kg p.o./i.m./i.v. 3 14 days

H o H
N

7
O/\OH

Amoxicillin (3)




o) 7.5 mg/kg p.o. 4 14 days
OJLN/N\ / \
/ 0~ >NO,
Furazolidone (4)
N,OMe 50-60 mg/kg i.m./i.v. 2 7-14
H
ﬁe'\WN S days
= |
s.N O N~ S _N.
T, o N
NH, COOH N?H\OH
o)
Ceftriaxone (5)
/2 ) 0 H '§'s 20 mg/kg p.o. 2 7-14
KA N=—T— days
o N S N A
H ooc) COOH
Cefixime (6)
O O 05-1g p.o./i.v. 2 7-14
(\N N
HN A
Ciprofloxacin (7)
O O 800 mg p.o./i.v. 2 7-14
F | OH days
(\N N
/N\) O ®
H
H
\N/\ 0 ®
K/N N
| OH
F
O O
Ofloxacin (8)
O O 800 mg p.o./i.v. 2 7-14
F
(\N N
N ~
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Pefloxacin (9)

O O 400 mg p.o./iv. 1 7-14
F
N N
N
F
500 mg p.o. 1 7 days
Azithromycin3 (11)
Treatment of typhoid carriers
NH; |, H 100 mg/kg 3ord 3
O X
e} N
°
O/\OH
Ampicillin (12) or amoxicillin (3)
o} 30 mg/kg
R ea.
/\/N:S\
O/ N
With probenecid (13)
Co-trimoxazole (2) NH, | p.o./i.v. 2 3 months
NT ©
|
HZN)\N/ 0]
o)

Trimethoprim (14),
6.5-10 mg/kg

o .0
N ]
S\J\)\\
o
H
H,N
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Sulfamethoxazole (15),
40 mg/kg

Ciprofloxacin (7) 1500 mg p.o. 2 28 days

Oral therapy is satisfactory in most patients; parenteral therapy is generally reserved for severely ill patients.
2The oral route is preferred; there are reports of lower blood levels of chloramphenicol in patients given parenteral
therapy.

Azithromycin has been shown to be effective in mild-to-moderate disease, but there is currently no evidence for
its efficacy in severe typhoid.

“The duration of treatment can be reduced if parenteral therapy is given (e.g. intravenous ampicillin 8-hourly for

2 weeks).

1.1.1.8. Resistance of Salmonella to commercial antibiotics

In the late 1980s and early 1990s, the emergence of S. typhi isolates resistant to first-line
drugs including oral amoxicillin, chloramphenicol, and cotrimoxazole, so-called multidrug-
resistant S typhi (MDRST), was associated with significantly higher rates of complications and
mortality (Bhutta et al., 1994). The emergence of nalidixic acid-resistant S. typhi (NARST)
isolates from parts of South and Southeast Asia ( Parry, 2004), followed by clinical and laboratory
fluoroquinolone resistance, has now created a specter of highly resistant strains of S typhi that
requires treatment with a diminishing range of alternative antibiotics (Britto et al., 2018) .
Resistance to ampicillin, chloramphenicol, trimethoprim-sulfamethoxazole and streptomycin is
now common, and these agents have not been used as first-line treatment now for almost 20
years. Typhoid that is resistant to these agents is known as multidrug-resistant typhoid (Effa et
al., 2011). Ciprofloxacin resistance is an increasing problem, especially in the Indian
subcontinent and Southeast Asia. Many centers are therefore moving away from using
ciprofloxacin as first-line for treating suspected typhoid originating in South America, India,
Pakistan, Bangladesh, Thailand or Vietnam. For these patients, the recommended first-line
treatment is ceftriaxone. It has also been suggested that azithromycin is better at treating typhoid
in resistant populations than both fluoroquinolone drugs and ceftriaxone (Effa et al., 2011).
Azithromycin significantly reduces relapse rates as compared to ceftriaxone.

There is a separate problem with laboratory testing for reduced susceptibility to
ciprofloxacin. Current recommendations are that isolates should be tested simultaneously against
ciprofloxacin (CIP) and against nalidixic acid (NAL), and that isolates that are sensitive to both
CIP and NAL should be reported as "sensitive to ciprofloxacin™, but that isolates testing sensitive
to CIP but not to NAL should be reported as "reduced sensitivity to ciprofloxacin™ (Fang et al.,

2019). However, an analysis of 271 isolates showed that around 18% of isolates with a reduced
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susceptibility to ciprofloxacin (MIC 0.125-1.0 mg/l) would not be picked up by this method (
Rahman et al., 2014). It is not certain how this problem can be solved, because most laboratories
around the world (including the West) are dependent on disk testing and cannot test for MICs.

1.1.1.9. Prevention of typhoid fever

Prevention of typhoid is based on vaccination and access to clean water. There are
currently three types of approved vaccines:
- typhoid conjugate vaccines (TyVAC), which are Typbar-TyVAC ® and PedaTyph™;
- Vi polysaccharide vaccines, non-conjugated ViPS;
- live attenuated vaccines Ty21a.

The VIPS and Ty21a vaccines have been recommended by WHO since 2008 to combat
typhoid fever in endemic and epidemic areas (WHO, 2019). The Typbar-TyVAC ® vaccine
was approved for the first time in 2013 (Qamar et al., 2020). The following table 2 summarizes

the characteristics of typhoid vaccines.

Table Il : Summary on the characteristics of typhoid vaccines

\Vaccines Typhar-TyWVAC ® VIiPS Ty2la
Composition 25 pg of purified Vi| 25 pg of purified Vi| 2 to 6x109 CFU of Ty2a
capsular  polysaccharide, | capsular polysaccharide | (attenuated Ty2 strain of
conjugated with tetanus S. typhi)
toxoid
Route of | IM IM/SC Oral 3 doses (4 in the
administration 1 dose 1 dose USA and  Canada)
and dosage administered every other
day
Presentation Liquid Liquid Gastro-resistant capsules
Recommended Adults and children > 6 | Adults and children > 2 | Adults and children over
age months to <45 years of age | years of age 6 years of age

Currently, the TYVAC is to be preferred at all ages because of its better immunological
properties, its ability to be used in young children and the longer duration of protection (up to
5 years and more). The WHO recommends that the introduction of TyVAC should be a priority
in countries with the highest burden of typhoid fever or with high levels of antibiotic-resistant
to S. typhi (Data et al., 2020). WHO recommends the vaccination in response to a confirmed
typhoid fever outbreak. However, in a humanitarian emergency, priority should be given to the
provision of clean water and the promotion of sanitation and hygiene.

Please insert a sentence here that will link typhoid to the study of a plant. It is very important

to do so. Don’t forget to take information from sources that you will cite at the end.
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At the time of therapeutic combinations comprising an antibiotic, information on the level
of resistance is essential, because the WHO recommends new anti-typhoid treatment strategies
when the resistance rate is high at more than 20% (Data et al., 2020). At this stage, faced with
resistance to active molecules (antibiotics) by samonella, the discovery and development of
new anti-typhoid therapies becomes a necessity. In this regard, medicinal plants in general, and
Detarium microcarpum Guill. Perr. belonging to the Caesalpiniaceae families, used in
traditional medicine for the treatment of typhoid fever in particular, are likely to constitute an

alternative solution.

1.2. OVERVIEW ON THE FAMILY CAESALPINIACEAE

Caesalpiniaceae constitute a subfamily of Leguminosae consisting of about 150
genera and 2800 species including the genus Detarium (Hutchinson, 1964). The subfamily
occurs exclusively in the tropics (Spichiger et al. 2002). It occurs mainly in South America,
tropical Africa and South East Asia (Van Damme, 1993). This subfamily is composed of
trees, shrubs and very rarely grasses, and consisting of about 162 genera, including 88 in
Africa (Van Damme 1993, Spichiger et al 2002). The Detarieae tribe contains approximately
82 genera including Detarium (Mabberley 1981, Tucker 2002).

According to the latest classification system (APG I, 2003), these species are distributed
in three subfamilies: Caesalpinioideae, Mimosoideae and Faboideae. Phylogeny is shown in
Figure below.

DIVISION. ¢ ceteeeieiieieeieeeeeeeeeeeecmmecceeeeeeneenaeaeesse  ANQIOSPErMae
CIaSS. ..cueneneeeeeeeeeeenenasececeeeennnnsnaneeeess  EUICOL
10 003 - S F Core-Eudicot
SUPEr-order.......ccceeeeeeeeenumecseae..  ROSI
SUD-Ordre...ccceeiieeininniinrennnnnes Eurosid |
Order...ccceveeeieieiiennnnrennens Fabales
Family..coeeeeeeieiienennnnnnn Fabaceae
Sub-family............... Caesalpinioideae
Mimosoideae
Faboideae (Papilionoideae)

Figure 1 : Taxonomy of the subfamily Caesalpinioideae (APG 11, 2003)
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1.3. BOTANICAL DESCRIPTION OF DETARIUM GENUS
1.3.1. Overview on the genus Detarium

The genus Detarium belongs to the Caesalpiniaceae family, subfamily Faboideae, tribe

Detarieae.

The table below presents some species of the genus Detarium.

Table 11 : Taxes listed for the genus Detarium in databases
Databases Species of the genus Detarium Status/Comments
GRIN D. microcarpum Guill. et Perr. accepted
D. senegalense J.F. Gmel. accepted
D. macrocarpum Harms. unrevised
D. hedelotianum Baill. unrevised
IPNI D. microcarpum Guill. et Perr Syn. : D. senegalense J.F.Gmel
D. senegalense Gmel. accepted
D. macrocarpum Harms. accepted
D. beurmannianum Schweinf.,ex -
C.Muell.
D. chevalieri Harms -
D. heudelotianum Baill. Syn. : D. senegalense J.F. Gmel.
D. letestui Pellegr -
D. zeylanicum Thwaites. reclasse : Crudia zeylanica benth.
W3TROPICOS D. microcarpum Guill. et Perr. -
D. senegalense J.F. Gmel. -
D. macrocarpum Harms. -
D. beurmannianum Schweinf.,ex -
C.Muell.
D. chevalieri Harms. -
D. heudelotianum -
D. lestetui Pellegr reclassifies: sindoropsis letestui Pell.
D. zeylannicum Thwaites -
GBIF D. microcarpum Guill. et Perr. accepted; syn. malapplique : D.
senegalense J. Gmel.
D.senegalense J.F. Gmel accepted; syn. Clair :D. heudelotianum
Baillon
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D. macrocarpum Harms.

accepted

D. letestui

Attempt of taxonomic repositioning

D. senegalensis J.F. Gmel.

Attempt of taxonomic repositioning

ILDIS

D. microcarpum Guill. et Perr.

accepted; syn, mal applique : D.
senegalense J. Gmelin

D. senegalense J.F. Gmel.

accepted; syn, clair : D. heudelotianum

Baillon
D. macrocarpum Harms. accepted
D. beurmannianum Schweinf. Provisiore
D. heudelotianum Baillon Syn. : D. senegalense J. F. Gmel.
D. senegalense Sensu Auct. Badly applied
D. zeylanicum Thwaites reclassifies: Crudia zeylanica (Thwaites)
benth.

(-): no comments on the status of the genus.

1.3.2. Description of plants of the genus Detarium

The genus Detarium was described for the first time in 1789 by DE JUSSIEU (Detarium
juss; Genera Plantarum). He described it as a genus of trees of alternate leaves, which are
imparipinnate or paripinnate. Leaves are pinnate or bipinnate, rarely single or unifoliate
(Mabberley, 1981; Cavin, 2007). Leaflets are alternate or opaque, not very prominent, with
15-30 pairs of secondary veins intersecting at the edge of the lamina. A petal of the flower has
4 sepals and 8-10 prominent stamens creamy white. Flower petal, form of four sepals with ten
short stamens alternate. The genera Detarium are species of straight-bodied fruit trees about 10
m in height. The drupes are orbicular with floury pulp and hard seed; they are ovoid or globose
more or less flattened, 2 to 8 cm in diameter, containing a large central core surrounded by a
floury pulp and very fibrous (Watson and Dallwitz, 1993). Detarium, of African origin, is
characterized by large drupaceous fruits, subdivided, indehiscent, flattened and globose with a
hard epicarp, and small hermaphrodite flowers (Aubréville, 1950; Keay, 1989; Watson and
Dallwitz, 1993).
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1.4. OVERVIEW ON D. MICROCARPUM
1.4.1. Botanical description

Detarium microcarpum is called in French “Petit Detar” (Malgras, 1992). It is also called
"Konkhéhi" in Foufouldé and "Nbop" in Dii, which are local languages in the Adamaoua region

of Cameroon. This species is a fruit tree up to 10 m high, as shown in figure 2 below.

Figure 2 : Detarium microcarpum species in savannah (personnal source).

The specie is recognizable by its rounded leaflets at the extremities, composed of 7 to 9
leaflets (7-11 * 3.5-5) cm, with an apex and a disc of respectively, emargatized and crenulate
forms (Keay, 1989). The flowers of the specie are grouped in auxiliary panicles of 15 to 25 cm
long and of 6 to 10 cm wide, as shown in figure 3 below. Its sweet and edible fruits, are ovoid
or globose, 2.5 to 5 cm in diameter, to enclose in an endocarp, which is surrounded by a juicy
mesocarp sometimes fibrous and protected externally by an epicarp. The bark of the trunk is
smooth in young trees then becomes scaly in adults. These bark have red slices (Kerharo and
Adam, 1974; Arbonnier, 2000).
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Figure 3 : (a)-leaves (b)-flowers (c)-fruits in maturity (Cavine, 2007) (d)-mature fruits
(e)-stem bark. (Kouyate 2005)

D. microcarpum blooms during the period from July to November and the ripening of the
fruit takes place in January.
1.4.2. Geographical distribution of D. microcarpum

D. microcarpum grows exclusively in the tropical zone of Africa. In Cameroon, it is found
in the Far North, North and Adamaoua regions (Mouraba et al., 2017; Agbo et al., 2019). The
map below shows black spots that represent their habitat.
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Figure 4 : Distribution map of D. microcarpum (Agbo et al., 2019)

1.5. USES OF D. MICROCARPUM
1.5.1. Economic uses

This species is used in diet, agriculture, livestock, domestic work and traditional
pharmacopoeia. The fruits of this plant are much more solicited by the populations of the
tropical zone. These fruits, rich in vitamin C, are also a source of vegetable protein and dietary
sugars. Investigations related to the use of this plant are recorded in the table 4 below.
Table IV : Dietary, agricultural, veterinary and domestic uses of D. microcarpum
Guill.and Perr. (Kerharo and Adam, 1962, Kerharo and Adam, 1974, Berhaut, 1975,
Malgras, 1992, Burkill, 1995, Lajide et al, 1995, Arbonnier, 2002).

Organ Property/use Ethnic groups or countries
Fruit The ripe fruits are sweet and rich in Sudan-Guinean region, Upper
vitamin C. It is consumed fresh or in Volta, Nigeria, Sudan.

confectionery.

The fruit pulp is used as a substitute for Sudan
sugar.
Fruits are also used as feed for West Africa.
livestock.
Seed Cooked seeds are used in making West Africa.

breads and pastries; they are equally
used as a thickening agent in soups.
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Flower Has a sweet smell and are much Unspecified
appreciated by bees and cattle.
leaves They are consumed as vegetables. Sudan
They are used in livestock feeding. West Africa.
Wood The wood is easy to work and Sudan
particularly resistant to insects and
water; it is therefore a good wood for
carpentry and handicrafts.
It is forbidden to use it as firewood Mali
when cooking a remedy, because that
would remove its effectiveness.
Resinous gum of It is used to keep insects away from Nigeria

bark

houses and clothes

Root

When heated, the root has a pleasant
fragrance and is used as a perfume by

women.

Dinka of Senegal

1.5.2. Uses in folk medicine
D. microcarpum is a tree of great importance in tropical Africa. It is used in folk

medicine for the treatment of many diseases and is a part of several local pharmacopoeias

(Burkill, 1995). The therapeutic uses of the various organs of this plant are depicted in table 5

below.

Table V : Main uses of D. microcarpum Guill. and Perr. in traditional medicine
(Kerharo and Adam, 1962, Kerharo and Adam, 1974, Berhaut, 1975, Aquino et

al., 1991, Malgras, 1992, Burkill, 1995, Arbonnier, 2002).

Organ

Properties / Uses Preparation and Ethnic group or

administration

method of country

diarrhea and dysentery; they are

Fruit They are used for the treatment of Unspecified West Africa
vertigo, meningitis and in many
magico-religious practices.
Leaves Leaves are used the treatment of Unspecified Nigeria, Mali
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also used as a dressing for

wounds.
They are involved in the treatment | Decoction, in association Mali
of leprosy, hemorrhoids, syphilis, with other plants
gonorrhea, and amenorrhoea
It is used in the treatment of Bath and fumigation of Mali
paralysis boiled leafy roots
Leafy twig | Itis used in treating asthenia and Decoction Mali
meningitis, to calm cramps, and to
ease deliveries
Stem Bark | It has application in the treatment | Boiled bark, administered Unspecified
of simple diarrhea and bloody per 0s
diarrhea
It is used in the treatment of Unspecified Nigeria
dysentery and as a dressing for
wounds
It is also used in the treatment of Unspecified Foula and Fulani
hemorrhoids and gonorrhea Toucouleur in
Senegal
It is a treatment for amibiasis and Unspecified Niger
rheumatism
It is used for its astringent Unspecified Unspecified
properties
When combined with other Unspecified Unspecified
plants, it is used to heal mental
illnesses and enteralgia ; it also
has diuretic properties.
It has anti-inflammatory and Infusion Senegal
diuretic properties
It is used in the treatment of red Unspecified Foufouldé and

itching, stomach pain and typhoid

Dii in Cameroon
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Roots It is indicated in handling stomach Decoction Foula and Fulani
upset and intestinal problems, Toucouleur in
especially against dysentery Senegal
diarrhea. It is also used as a
diuretic
It is also indicated for the Unspecified Unspecified
treatment of tuberculosis,
smallpox, schistosomiasis and
itching
It is used in the treatment of Decoction consumed per Senegal
syphilis 0S
It is used to handle paralysis Bath and fumigation of Mali
roots and boiled leaves
It is used to treat epilepsy Ash of the bark Unspecified
It is used for medico-magic Used in combination with | Cayor et Ferlo in
treatment of mental illnesses other plants Senegal
Different | Itis used for diarrhea, dysentery, Unspecified Senegal
organs infant diarrhea, hemorrhoids,
leprosy, syphilis, gonorrhea,
rheumatism, impotence,
infertility, fungal infections and
biliary diseases
It is used against dysentery and Unspecified Igbo du Nigeria
syphilis
Root It is used to manage stomach Decoction Foula and Fulani
upset and intestinal problems, Toucouleur in
especially against dysentery Senegal
diarrhea. It is also used as a
diuretic
Root It is used to heal typhoid fever Bath with it twice daily Niger
(fresh or for five days, also inhale
dried) the steam twice daily for

five day
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These numerous uses in traditional pharmacopoeias are at the origin of the

pharmacological and chemical investigations of D. microcarpum.

1.6. PREVIOUS PHARMACOLOGICAL AND CHEMICAL STUDIES
OF D. MICROCARPUM

1.6.1. Pharmacological investigations

Secondary metabolites isolated from D. microcarpum have been reported to display
several pharmacological properties.

Coumarin (5) isolated from the bark (Ikhiri, K. and Ilagouma, 1995) has anti-oedematous
properties. It is indicated in cases of lymphoedema of the upper limb after radiosurgical
treatment of breast cancer. With regard to coumarin derivatives, some of them have
pharmacological activities, mainly anticoagulant. The best known are dicoumarol and
esculoside, both venotonic and vasoprotective (Hostettmann, 1997, Bruneton, 1999).

Catechin (22), epicatechin (23), catechin-7-Ogalloylester (24) and epicatechin-3-O-
galloylester (25), isolated from bark (Aquino et al., 1991), while kaempferol-3-O-f-
glucopyranoside (26) isolated from leaves (Lajide et al., 1995), have antioxidant properties
(Bruneton, 1999). The anti-HIV-1 activity of the compounds 22 to 23 was evaluated on a cell
line infected with the strain HIV-111B, and the compound 10 showed a high toxicity (Aquino
etal., 1995).

Lupeol (31) and his derivative, lup-20(29)-én-2a,3p-diol (32) isolated from the chloroform
extract of the bark, exhibited different pharmacological activities: cytostatic antioxidant and
anti-inflammatory. They also demonstrated in vivo a decreased risk of kidney stone formation
(Hatake et al., 2006, Tolstikova et al., 2006).

A labdane-type diterpene, copalic acid (38) isolated from the bark of D. microcarpum
showed a strong in vitro inhibition of the growth of certain bacteria including Bacillus Subtilis,
Staplylococus aureus and S. epidermis (Tincusi et al., 2002). Tetranorditerpenes, 1-naphthalene
acetic-7-oxo-1,2,3,4,4a,7,8,8a-octahydro-1,2,4a,5-tetramethyl acid (39) and 1-naphthalene
acetic-5-carboxy-1,2,3,4,4a,7,8,8a-octahydro-1,2,4a-trimethyl acid (40), isolated from the
chloroform extract of the bark of the same plant displayed growth inhibitory activities of yeasts
Candida albicans and Cryptococcus neoformans (Hosose et al., 1999).

1.6.2. Previous chemical work
Given the medicinal importance of this plant in tropical Africa, several phytochemical
studies have already been conducted on the leaves, bark and roots of D. microcarpum. They led
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to the isolation and characterization of several families of compounds including carbohydrates,
phenolic compounds, flavonoids, sterols, triterpenoids, diterpenoids and tetranorditerpenoids.
The following table 6 below shows the different families of secondary metabolites isolated so

far from this plant.

Table VI : Some isolated compounds of the species D. microcarpum

Structures Name Sources | References
Carbohydrates
(o]
(@)
HO L-quino-1,5-lactone (16)
OH
OH
o T (- bornesitol (17
OH -(-)-bornesito
OH oH ) (17) Abreu and
Bark Relva,
OH 2002
m D-pinitol (18)
HO s ~ OCH,
HO OH .
HO OH Myo-inositol (19)
OH “oH

Phenolic compounds

Aquino et

A
Coumarin (20)
0~ SO0
Bark

O. aI., 1991
Melilotoside (21)

Flavonoids

©/OH
Aquino et
HO o Catechin (22) Bark |
al.,1991
OH
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OH

HO O AN
Q/\j"@“

OH

Epicatechin (23)

OH

4
(@] (@) RS
e O ‘
R \,/\}\OH
o) OH

OH
Cathechine-7-O-galloylester

(24)

OH
OH

Epicatechin-3-O-galloylester
(25)

OH

i OH
Ho7 O w H
> ﬂ i
HO R
o_/=0 y
OH

Kaempferol-3-O-p-

1 glucopyranoside (26)

OH

Sterols et triterpenoids

/,/,

HO

p-sitosterol (27)

//,,

Campesterol (28)

HO

Bark

Abreu et
al., 1998
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Stigmasterol (29)

/\{ﬁtosterol-?,ﬂ-o -[6'-O-

Imitoyl-2’,3',4'-O-triacetyl Abreu et
OCO(CH,)4M almitoyl-2',3',4'-O-triacetyl-
(CHy)1sMe p Y - y al. 1998
[S-D-glucopyranoside] (30)
Hatake et
Lupeol (31) Bark al., 2006
Lup-20(29)-en-2a,34-diol Tolstikova
(32) et al., 2006
Diterpenoids and tetranorditerpenoids
2-oxokolavenic acid or 2-0xo- )
) o Leave Aquino et
3,13E-clerodiene-15-oic acid
and bark | al., 1992
(33)
Ikhiri and
Cis-2-oxokolavenic acid (34) Bark Llagouma,
1995
Kolavenic acid (35)
Lajide et
Leaves
al., 1995
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5-(5-formyl-1,2,3,4,4a,7,8,8a-
octahydro-1,2,4a-trimethyle-
1-naphtalenyle)-3-methyle-
[1S-[1a(E),26,4a5,8a0] pent-
2-enoic acid (36)
Ent-4(18)-13E-clerodien-15-

oic acid (37)

Copalic acid (38) Ikhiri et

Llagouma.,
1995
Naphtalene acetic-7-oxo-
1,2,3,4,4a,7,8,8a-octahydro- Bark

1,2,4a,5-tetramethyl acid (39) Aquino et

Naphtalene acetic-5-carboxyl- al., 1992

1,2,3,4,4a,7,8,8a-octahydro-
1,2,4a-trimethyl acid (40)

Due to the fact that among the isolated secondary metabolites the most abundant were the
terpenoids, and more particularly diterpenoids, it seemed important to us to attach particular
importance to this class of compounds. It is equally the type of secondary metabolites that we
were looking for, because of their great anti-bacterial potential.

.7. CHEMICAL STUDIES OF DITERPENOIDS
1.7.1. Overview on diterpenes and diterpenoids

The name diterpene refers to a class of naturally occurring compounds having a C-20
base backbone, derived from the condensation of four isoprenic units. They are found in the
plant kingdom (Compositeae, Asteraceae, Verbenaceae, Meliaceae, and Fabaceae etc...) as
well as in the animal kingdom (especially in certain insects), and fungi (Bruneton, 1993;
Hanson, 2007). Diterpenes are made of carbons and hydrogens, while diterpenoids are oxidized
diterpenes.
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Diterpenes and diterpenoids have a large structural diversity that is highly dependent on
their biogenesis. It is, moreover, based on biogenetic considerations that their classification
have been established (Bruneton, 1993).

1.7.2. Biosynthesis of diterpenes and diterpenoids
The biogenetic precursor of diterpenes is geranylgeranyl pyrophosphate (GGPP) (57).

GGPP results from the condensation of a C-15 unit, notably farnesyl pyrophosphate (FPP) (55)
and a C-5 unit, isopentenyl pyrophosphate (IPP) (50). GGPP reacts under the influence of
biocatalysts to leading to the different structural types of diterpenes that we will describe later.
The biosynthesis of diterpenes and diterpenoids is subdivided into three main stages:

e Formation of the isopentenyl unit (isopentenylpyrophosphate);

e Condensation of isopentenyl units to give linear or acyclic diterpenes;

e Conversion of acyclic diterpenes to cyclic diterpenes.

1.7.2.1. Formation of the isopentenyl pyrophosphorus unit (IPP) (50)

IPP is formed by two different biogenetic pathways including the acetate-mevalonate
pathway (which is the most widespread) and the phosphate-pyruvate triose pathway (Bruneton,
1993; Rohmer et al., 1996).

» Formation of the IPP unit by acetate-mevalonate route

It is done under enzymatic catalysis in several stages of which the first is a Claisen-type
condensation of three molecules of Acetyl-Coenzyme A (42). The conversion of the latter into
mevalonic acid (45) is done by a reduction in the carbonyl to alcohol by means of nicotinamide
adenine dinucleotide phosphate (NADPH).

The mevalonic acid (45) obtained undergoes double phosphorylation in presence of
mevalonate kinase and phosphomevalonate kinase, followed by decarboxylation to give
isopentenyl pyrophosphate (IPP) (50). The latter is converted by enzymatic isomerization to
dimethylallylpyrophosphate (DMAPP) (51). The sequence thus described is illustrated in
scheme 1 (Bruneton, 1993).
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Scheme 1 : Biosynthesis of isopentenyl pyrophosphate by acetate-mevalonate route

» Formation of the isopentenyl pyrophosphate unit by pyruvate triosephosphate
This alternative route was developed by Rohmer et al., (1996). Studying the biosynthesis
of terpenoids by isotopic labeling with *C, these authors suggested that IPP (50) was produced
from 5-phosphate-1-deoxyxylulose (54), formed by condensation of pyruvate (53) and 3-
phosphate glyceraldehyde (52) (Scheme2).
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Scheme 2 : Biosynthesis of IPP by the triosephosphate-pyruvate route
The isopentenyl pyrophosphate thus obtained constitutes the starting point for the
biosynthesis of the different classes of terpenes and terpenoids via the specific precursors.
Indeed, all terpene compounds result from the condensation of a variable number of isoprenic
units (Ruzicka, 1953). We will focus on the biosynthesis of geranylgeranyl pyrophosphate
(GGPP) (54), precursor of diterpenes.

1.7.2.2. Biosynthesis of geranylgeranyl pyrophosphate (54)

After the enzymatic isomerization of IPP (50) leading to DMAPP (51), the two isomers
will undergo head-to-tail condensation with elimination of the pyrophosphate group in DMAPP
36 to form the geranyl pyrophosphate (GPP) (56), C-10 molecule, precursor of monoterpenes.

It is indeed a stereoselective addition of DMAPP on the double bond of IPP. The head-
to-tail condensation of this C-10 compound with an IPP molecule lead to farnesyl
pyrophosphate (FPP) (55), a C-15 molecule precursor of sesquiterpenes, which in turn reacts
with another molecule of IPP (50) to produce geranylgeranyl pyrophosphate (GGPP) (57), a C-

20 molecule precursor of diterpenes. These reactions are summarized in Scheme 3.
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Scheme 3 : Biosynthesis of GGPP from IPP

The GGPP (57) thus formed can cyclize, rearrange or not and lead to the various diterpene
skeletons.

1.7.2.3. Formation of cyclic diterpenes (Bruneton, 1993)

The different structural types of cyclic diterpenes are derived from the metabolism of
(2E,6E,10E) geranylgeranyl pyrophosphate (GGPP) (57). The acquisition of each class is a
function of the type of cyclization undergone by GGPP (57). In fact, there are two main
cyclization modes, which we will be designated by mode A and mode B (Torsell, 1997).

- Cyclization according to mode A

In this case, the cyclization is induced by the departure of the pyrophosphate group with
the formation of a carbocation and the alkylation of a double bond by the latter. In most cases,
the double bond of the terminal isopropylidene is alkylated. This is how a macrocyclic
carbocation is formed, the stabilization of which leads to the formation of macrocyclic
diterpenes. In fact, this carbocation is very reactive and can be stabilized either by elimination
of a proton with the formation of compounds such as cembrenes (60), or more often by
intramolecular nucleophilic substitution leading to macrocyclic structures such as lathyrenes
(62), tiglans (63), etc... (Scheme 4).
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GGPP (58)

(59)
Tlglane (63) Cormb
embrene
Aﬁ Casbene (61)
Lathyrene (62)

Scheme 4 : Some macrocyclic diterpenes

- Cyclization according to mode B
It is an acid-catalyzed cyclization of GGPP (57) leading to a substituted
decahydronaphthalene. This type of cyclization generates two pairs of enantiomers (64-65 and
67-68) differ in the opposite configurations of carbons C-5, C-9 and C-10. Here, the orientation
to one or other of the enantiomers depends on the conformation of GGPP (57) on the surface
of the cyclization-catalyzing enzyme. The different types of orientation are illustrated in
Scheme 5.

Chair - chair orientation «normal»

. R 10 R, H
/ =z o 8—»
5
H

Chair — chair Orientation « antipodal »

R
S H H :
B I
+ H ",/H

CPP (65)

f
LDPP (64)

Chair — boat Orientation « normal »
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Scheme 5 : Orientation of intermediates 64 to 67

A large part of the bicyclic diterpenes comes from the pair of enantiomers 64 and 65 in
which each leads to a particular series. Thus, labda-8-(17),13-dien-15-yl pyrophophate (LDPP)
(64) produces the diterpenes of the so-called "normal” series while its antipode, copalyl
pyrophosphate (CPP) (65) leads to the series called "enantio™ or "ent". The hypothetical
carbocations resulting from LDPP or from CPP can be stabilized by the elimination of a proton,
by hydration or by rearrangement to lead to bicyclic diterpenes of the labdane (68 and 69) and
clerodane (70 and 71) series. An illustration is presented in scheme 6.

o
Normal labdan (68) ent-labdan (69)

Normal clerodan (70)  ent-clerodan (71)

Scheme 6 : Basic skeletons of labdanes and clerodanes
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After the cyclization of GGPP (57) according to mode B, the decaline system obtained
can undergo several rearrangements leading to tricyclic, tetracyclic and pentacyclic triterpenes.
This set of cyclization and rearrangement mechanisms explains the great structural diversity

observed within the diterpenes.

1.7.3. The main structural types of diterpene

Diterpenes have several structural types closely related to their biogenesis. It is therefore
reasonable to use these to classify them. There are essentially two groups of diterpenes, notably
the acyclic and the cyclic (Manitto, 1981).

1.7.3.1. Acyclic diterpenoids
They are the least encountered. They are linear and can result from the condensation of
two monoterpene units of:
- geranyl-linalol type such as compound (72) ((E)-5,14-dihydroxy-2,6,10,14-
tetramethylhexadeca-2,6,15-triene-4,12-dione) isolated from Croton salutaris (Euphorbiaceae)
(Itokawa et al., 1998);

NS NS =
OH
OH (72)

- a geranyl-geraniol derivative such as compound (73) isolated from Diplostephium meyenii

(Asteraceae) (Bittner et al., 1991);
o
o OH
N N N
(73)

OH

- a geranyl-nerol entity such as compound (74) isolated from Siegesbeckia orientalis
(Compositeae) (Zdero et al., 1991).

While some acyclic diterpenes contain in their structures an epoxide, such as zoapatol
(75) isolated from one Compositeae, Montana tomentosa (Quijano et al., 1991), others such as
conysaleucolide (76) isolated from another Compositaea, Conysa hypoleuca (Zdero et al.,

1991), contains a terminal furan nucleus.
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OH (75)

1.7.3.2 Cyclic diterpenoids
Considering their number and their great structural diversity, cyclic diterpenes constitute
the most important group. This is how we distinguish bicyclic, tricyclic, tetracyclic,

macrocyclic diterpenes with various structures.

1.7.3.2.1. Macrocyclic diterpenoids

They result from cyclization according to mode A described above. The main
representatives of this class are cembrenes, casbene, lathyrenes, tiglans and taxanes. However,
the most abundant are cembrenes and taxanes.

The main sources of cembrenes are marine organisms, particularly corals. This is the case
for 2-hydroperoxysarcophine (77) isolated from Lopophytum crasum as well as crassocolide A
(78) isolated Sarcophyton crassocaule (Hanson, 2007).

Taxanes are the best known and attract the attention of researchers due to their interesting
biological activities. In 1999, More than 400 compounds of this class were already isolated
from natural sources and new molecules continue to be taken into account today (Pinto et al.,
2019). The best known taxane is taxol (79), a compound which is very active against human
cancers, isolated for the first time by Wani et al. (1971) from the Pacific yew tree called Taxus

brevifolia (Taxaceae).

1.7.3.2.2. Bicyclic diterpenoids
This class contains two main structural types, namely the labdane type and the clerodane
type.
» The labdane series
Conifers are the main source of labdane-type diterpenes. However, they are also found in

botanical families such as Verbenaceae, Compositeae, Zingiberaceae, Caesalpiniaceae...etc
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(Chingwaru et al., 2015). From the structural point of view, labdanes comprise in their
structures a trans-decaline type nucleus substituted in position C-4 by a gem-dimethyl group
and in positions 8 and 10 by an angular methyl as in compound 64. The numbering used for
their nomenclatures is that recommended by Rowe in 1992 (Rowe, 1992). On the trans-decaline
nucleus is grafted in position C-9, a side chain with 6 carbon atoms corresponding to a
methylpentane.

15 15
14 16 13/14
12
20"
1109 17 9 7
2‘ |8 Z”ﬁ’s
3 7
3 7
4°%6 H 6
18 19 18 19
Decaline labdane ent-labdane

(80)

Very often, this trans-decaline nucleus may undergo structural modifications. The main
ones concern the oxidation of one of the gem-dimethyl groups in position 4 to carboxylic acid
or to alcohol 65 and the transformation of methyl in position 8 to exomethylene. The side chain
can also undergo modifications, which can lead either to functionalization such as the oxidation
of carbons C-16 and C-15 to carboxylic acid, to aldehyde (82) or to alcohol (81), or to a
cyclization leading to a furan nucleus (84) or to a lactone (83).

Certain modifications can lead either to a loss of one or more carbon atoms, or to the
rupture of a bond in the carbon skeleton of decalin thus leading, respectively to two other
structural types of labdane namely the nor-labdanes (85) and the seco-labdane (86). Depending
on the number of carbon atoms lost, we can have: nor-labdanes (one lost atom), bisnor-labdane
(two atoms lost), trinor-labdanes (three atoms lost), tetranor-labdanes (four atoms lost) etc...

Sometimes, two molecules of labdane can combine to form a dimer. This is the case for
ent-methylisoozate (87) isolated for the first time by Dirceu et al. (1999) of Xylopia aromatica

(Annonaceae).
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Table VII : Some structural types of labdanes

Structure and name

Source

Reference

Brickellia lemmonii

(Compositeae)

Hanson, 1998

Hooc” "
ent-15,16-dihydroxylabda- 8, 13-dien-18- oic acid
(81)
Alpinia zerumbet Xu et al., 2006
(Zingiberaceae)
Zerumine A (82)
MeO Aframomum Sob et al.,
aulacocarpos 2007
(Zingiberaceae)
Andrographis Chenetal.,
paniculata 2008
(Acanthaceae)
Eragrostis viscosa N’Soki et al.,
(Poaceae) 2010
Brickellia Wang et al.,
veronicaefolia 2012

Cativin-7-en-3, 15-dioicacid-3-4-secolabdane (86)
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Xylopia aromatica Dirceu et al.,
(Annonaceae) 1999

ent-methylisoozate (87)

» The clerodane series

They are abundant in the Asteraceae, Compositeae and Labiatae families (Hanson, 2004).
Like the labdanes, the clerodanes are cyclic diterpenes enclosing in their structures the decaline
type nucleus. However, the difference between these two types lies from the structural point of
view, at the level of the position of the various methyl groups as well as the stereochemistry at
the level of the junction of the decalin cycles. Indeed, while in the labdane type, gem-dimethyl
occupies position C-4, and in position C-5 there is hydrogen, in clerodane type, position C-4 is
only occupied by a single methyl, the second having migrated to position C-5. The presence of
a hydrogen in position C-10 is also very regularly noted as well as the omnipresence of a methyl
group at position C-9. In addition, while in labdanes the stereochemistry of the decalin junction
is trans, in the clerodane type, it can be sometimes cis or trans. Some structural types of

clerodanes are given in Table IV.

Table VIII : Some structural types of clerodanes

Structure and name Source Reference

Casearia sylvestris Dos santos et al., 2007
(Flacourtiaceae)

g
COOH
(-)-hardiwickiic acid (89)
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Barbatine C (90)

(Labiatae)

Scutellaria barbata

Sheng-Jun et al., 2006

1.7.3.2.3. Labdane and clerodane type diterpenoids from D. microcarpum

Given their structural similarities (decalin), the isolated diterpenoids of Detarium

microcarpum species belong to the labdane and clerodane type, with a side chain of varied

structure. This is a methylpentane comprising a carboxylic function.

Table X : Some isolated diterpenoids of the D. microcarpum

[1a(E),28,4a8,8a0]]
Pent-2-enoic acid (36)

Ent-4(18)-13E-clerodien-15-
oic acid (37)

Structures Name Sources References
2-oxokolavenic acid or 2-0xo- )
) ) Leave and | Aquino et al.,
3,13E-clerodiene-15-oic acid
Bark 1992
(33)
) o Ikhiri et
Cis-2-oxokolavenic acid (34) Bark
Llagouma.,1995
Kolavenic acid (35)
5-(5-formyl-1,2,3,4,4a,7,8,8a-
octahydro-1,2,4a-trimethyle-1- Lajide et al.,
naphtalenyle)-3-methyle-[1S- | Leaves 1995
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OH ) ) Ikhiri et
Copalic acid (38) Bark
Llagouma.,1995

Naphtalene acetic-7-oxo-
1,2,3,4,4a,7,8,8a-octahydro-

1,2,4a,5-tetramethyl acid (39) Aquino et al.

Bark
Naphtalene acetic-5-carboxyl- 1992

1,2,3,4,4a,7,8,8a-octahydro-
1,2,4a-trimethyl acid (40)

1.7.3.2.4. Tricyclic diterpenes
There are several types of tricyclic diterpenes including pimaranes, abietanes, cassanes,
rosanes, vouacapanes, and podocarpanes, which are the most encountered (Pablo, 2007).
»  The abietane type is found in most species of the genus Salvia (Lamiaceae) (Hanson,
2007). This is the case with danshexinkume (91) isolated from Salvia miltiorrhisa (Ikeshiro et
al., 1991).

» The pimarane type like scopararane A (92), was isolated from Eutypella scoparia
(Pongeharoen et al., 2006).

)
=" OH(92)

» The cassane-type is abundant in the genus Ceasalpinia (Hanson, 2006). This is the case
for caesaldecane (93) isolated from Caesalpinia decapetala (Kiem et al., 2005).
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(93)

From a structural point of view, tricyclic diterpenes differ from bicyclic ones by the
presence in their skeleton of a third cycle joined to that of decaline. This third cycle can be
either with 6 carbons for pimaranes (92) and cassanes (93), or with 6 or 7 carbon atoms for
abietanes (91). All have in position 13, a side chain with 2 carbon atoms for pimaranes and
casanes, and with 3 carbon atoms for abietanes, corresponding to isopropyl. The side chain of
abietanes can be cyclized to lead to the ring with 7 carbon atoms (94), while in pimaranes and
cassanes, it can either form a double bond (92 and 93) or be cyclized in furan nucleus or in
furanolactone (Casane) (95). It is also noted that cassanes and pimaranes have a methyl group
in position 13, which is absent in abietanes, and another in position 10, which can be oxidized
to alcohol or to carboxylic acid. Finally, it is note in these three types, the presence of a gem-

dimethyl, which sometimes can be absent in abietanes.

Table IX : Some structural types of tricyclic diterpenes

Structure and name Source Reference
S. miltiorrhiza Xu. et al., 2016

Ceasalpinia pulcherrina Ragasa et al., 2002

Isovoucapenol A

1.7.3.2.5. Tetracyclic diterpenoids
This class includes kauranes, beyranes, atiseranes, gibberelines, trachilobanes,
aphidicolanes, stemodanes etc... (Hanson, 2007; Pablo, 2007). However, the structural types

mainly encountered are:
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» Kauranes of which the plants of the genus Xylopia (Annonaceae) constitute a main
source, are also found in the Asteraceae, Compositeae and Rubiaceae (Takahashi et al.,
2001; Hanson, 1998). An example is that of ent-kaur-16-en-19-oic acid (96), isolated
from the seeds of Xylopia sericea (Takahashi et al., 2001).

“COOH (96)

» The atiseranes are commonly found in plants of the genus Stevia, Xylopia or in certain
cell cultures (Hanson, 1998). For example, kaurenoic acid methyl ester (97) and
scopadulcic acid (98) were isolated, respectively from the seeds of Xylopia sericea and
a tissue culture of Scoparia dulcis (Takahashi et al., 2001; Hayashi et al., 1996).

HooC W\ H &g
(98)

» Gibberellins are considered as hormones in plants. Many of them have been isolated
from Leguminoseae. This is the case of 17-hydroxy-16,17-dihydrogibberellin A4 (99),

isolated from a Leguminoseae called Cytisus simensis (Picciarelli et al., 1991).

Atiseranes and kauranes from a structural point of view, have a decalin-type nucleus,
which is not the case with gibberellins whose structure has a five-cycle interspersed between
two six-cycle. The fourth cycle being pentatonic forms with the hexatonic cycle, a bicyclic
bridged of the bicyclo [3.2.1] octane type for gibberellins and kauranes and bicyclo [2.2.2] for
compound 97 or [3.2.1] 98, and octanes for atiseranes. Gem-dimethyl in position 4 is
omnipresent in atiseranes and kauranes, which is not the case for gibberellins from which one
of the methyl groups has migrated in position C-6. In addition, kauranes and gibberellins have
a methyl group at the C-16 position. These various methyl groups can undergo oxidation to
carboxylic acid or to alcohol.

42



1.7.3.2.6. Diterpenes with various structures
One of the main sources of this class is marine organisms. The structural types
encountered are briaranes, xerulans, xemicanes etc ... (Hanson, 2004). This is the case with
briaexcavatolide (100), a briarane isolated from a coral called Briareum excavatum (Wu et al.,
2003).
HO OAC

AcO

AcO Ox:
(100) Y

1.7.4. Method for determining the structure and stereochemistry of labdanes

1.7.4.1. Structure determination method

As with other families of organic compounds, the elucidation of compounds of labdane-
type diterpenes is based on spectroscopic techniques such as IR, UV, one- and two-dimensional
NMR, mass spectrometry (MS).

The vast majority of labdane type diterpenes are recognized by the presence on their *H
NMR spectra of a set of three singlets integrating three protons each, with resonances in the
range of on 0.50 to 1.00 attributable to the three methyl groups occupying the positions C-4 and
C-10 from the decalin nucleus. For the labdanes having an exocyclic double bond A%(7), we
observe two large singlets integrating for an olefinic proton each between &4 4.00 and 5.00. The
presence of the exomethylene is confirmed on the 3C NMR spectrum by two characteristic
signals appearing at about Jc 148.0 for C-8 carbon and 107.0 for C-17 carbon (Bastard et al.,
1984).

On the IR spectrum, this methylene group is characterized by a set of valence vibration
bands appearing around Amax 3080, 1640 and 890 cm™. In the absence of other substituents on
the decalin-type nucleus, there are signals on the 3C NMR spectrum at about 5c 42.0, 33.0 and
38.0 corresponding to the chemical shifts of carbons C-3, C-4 or C-18 and C-7 (Bastard et al.,
1984).

The skeletons of the labdane type can be characterized from their EI mass spectrum which
showed an intense signal at m/z 137, a variable value depending on the substituents carried by
the nucleus of the decaline type (Hong-Xi et al., 1996). The formation of this ion fragment is
rationalized as scheme 8.
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Scheme 7 : Characteristic fragmentation of skeletons of the labdane type

1.7.4.2. Method for determining stereochemistry

The main difference between "normal labdane™ and "ent-labdane” comes from the
stereochemistry at the level of carbons C-5, C-9 and C-10 as in compound 64. In normal
labdanes, the side chain in position C-9 and the methyl group fixed at C-10 have a -
stereochemistry and the hydrogen in C-5. In ent-labdanes, these orientations are reversed giving
rise to an a-sterereochemistry. In practice, in order to distinguish between these two series,
certain chiroptic methods are used. From the work of Hasegawa et al., (1985) and Waridel et
al., (2004), it appears that the measurement of optical rotation is one of the methods used to
establish the difference between normal and ent-labdanes, where the sign of the optical rotation
is positive for normal labdanes and negative for ent-labdanes. However, the opposite is
observed in structures whose side chain has, in addition to a furan nucleus, a carbonyl function
in position C-12 (DellaGrecaa et al., 2001; 2000). For the skeletons containing an exomethylene
in position 8 (17), the measurement of the circular dichroism spectrum (CD) makes it possible
to observe a positive cotton effect for normal labdanes and negative for ent-labdanes (Zdero et
al., 1991; Itokava et al., 1988; Morita et al., 1988).

1.7.5. Biological activities of labdane-type diterpenes

Although to our knowledge, there is no labdane to date with a recognized therapeutic
effect, many compounds of this type, which are of synthetic origin or isolated from terrestrial
plants and sailors have been reported to exhibit diverse pharmacological properties. Some of
these pharmacological properties include antibacterial, antifungal, anti-inflammatory, cytotoxic

and enzyme inhibitory activities.
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1.7.5.1 Antibacterial activity

The ethanol extract of the bark of D. microcarpum has been reported to exhibit moderate
antibacterial activity against Pseudomonas aeruginosa, Klebsiella pneumoniae, Citrobacter
freundii, Staphylococcus aureus and Listeria monocytogenes (Abreu et al., 1998). Two
labdane-type diterpenoid, (-) copalic acid or ent-8 acid (38), 13E-labdadien-15-oic isolated
from the methanolic bark extract of D. microcarpum displayed a strong in vitro inhibition on
some bacteria growth including Bacillus subtilis, Staphylococcus aureus and S. epidermis
(Ikhiri and llagouma, 1995; Tincusi et al., 2002). Two other tetranorditerpenoids isolated from
the chloroform extract of the bark of D. microcarpum including 1-naphthalene acetic-7-oxo-
1,2,3,4,4a, 7,8,8a-octahydro-1,2,4a, 5-tetramethyl (24) and 1-naphthalene acetic-5-carboxy-
1,2,3,4,4a, 7,8,8a-octahydro-1,2,4a-trimethyl (25) have been reported to inhibit the growth of
Candida albicans and Cryptococcus neoformans (Aquino et al., 1992); (Hosoe et al., 1999).

Chinou et al., (1994), working on the leaves of Cistus incanus (Cistaceae) isolated several
labdane-type diterpenoids among which, labdan-14-ene-8,13-diol (101); 5R, 8R, 9R, 10R-
labdan-13E-8a-15-diol (102) and acetate of 5R, 8R, 9R, 10R-labdan-13E-en-8a-ol-15-yl (103).
All these compounds exhibited an activity on Gram-positive (S. aureus and S. epidermis) and
Gram-negative bacteria (K. pneumoniae, P. aeruginosae and E. coli) on Klebsiella pneumoniae,

Staphylococcus aureus and Pseudomonas aeruginosae.

R
12 OH
11% [ on oA
1415 (102) (103)
(101)

Gomojosides including gomojosides K104 and L105 isolated from Viburnum suspensum
showed remarkable antibacterial activity against Aeromonas salmonishida at the concentration
of 100 ppm (lwagawa et al., 1993).

~ ~CH0OGlu ~ ~CH,0Glu

HO,,

HO" 7 ™ onc””
HOH,C" ™ &y HOH,C" ™~
(104) (105)

45



1.7.5.2. Antifungal activity

Aframodial or 8f,17-epoxy-12E-labdene-15,16-dial isolated from the seeds of
Aframomum danielli (Zingiberaceae) displayed a wide spectrum of biological activities among
which antifungal activity was the most important (Kimbu et al., 1979; Ayafor et al., 1994).
Tested on the strains of Candida albicans, Candida tropicalis and Candida utilis, Aframodial
(106) revealed a higher antifungal activity than that of amphotericin B (107) which is one of
the reference antifungal molecules used in modern medicine to combat fungal infections,
although its toxicity somehow limits its use (Ayafor et al., 1994). Four years later, Morita et
al., (1998), studying the seeds of Alpinia galanga (Zingiberaceae), also isolated a large amount
of aframodial (106), and this antifungal activity was confirmed.

CHO

(106)

1.7.5.3. Anti-inflammatory activity

The leaves of Cryptomeria japonica (Taxodiaceae) are used in the traditional Japanese
pharmacopoeia for the treatment of inflammation in the event of injuries, abscesses and eczema.
The phytochemical and pharmacological study of these leaves allowed Shimizu et al., (1998)
to show that this anti-inflammatory activity was due to a labdane, namely cis-communic acid
(107). These authors thus reported for the first time, the anti-inflammatory activity of a labdane-
type diterpene.

-
.

(108)

Hedychilactone A (108) isolated the same year from Hedychium coronarium
(zingiberaceae) by Itokawa et al., (1998) also exhibited interesting anti-inflammatory
properties.
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1.7.5.4. Cytotoxic activity

Many labdane-type diterpenes have been tested for their cytotoxic properties:

aframodial (106) exhibited strong cytotoxic activity against leukemic cells (L1210) with
an EDsp of 2.5 pg/mL (Ayafor et al., 1994).

Labda-8(17),12(E),14-triene-2a,18-diol (109), isolated from the ethanolic extract of
Orthosiphon labiatus (Labiatae) has shown cytotoxic activity on the MCF-7 cancer cell line
lung, with an 1Cso of 82 uM (Ahmed et al., 2007).

Damrong et al., (2003), tested 12,17-dihydroxylabda-7,13(E)-diene (110) on five human
cancer cell lines, namely BT474, CHAGO, HEP-G2, KATO3 and SW620, with concentrations
inhibition (ICso) respectively of 2.5 pg/mL; 6.1 pg/mL; 5.5 pg/mL; 0.6 pg/mL and 6.1 pg/mL.
This compound exhibited a very interesting cytotoxic activity with respect to the KATO3 line
(ICs0 = 0.6 wg/mL), compared to doxorubicin 100 (ICsp = 1.7 ug/mL), an active ingredient
belonging to the family of anthracyclines, used in medicine in cancer chemotherapy, taken here

as a positive control.

HO

“CH,OH
(109) (110)

Working on the leaves of Renealmia alpinia (Zingiberceae) Bing-Nang et al., (1997),
isolated and characterized several labdane-type diterpenes among which, 11, 15-hemiacetal-11-
hydroxy-8(17),12(E)-labdadiene-15,16-dial (106). Tested on M109 cells from colon cancer,
this compound exhibited interesting cytotoxic activity with an ICso of 2.6 xg/mL.

O OH @)

OH (111) (112)
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1.7.5.5. Enzyme-inhibiting activity

Roots of Scoparia dulcis (Scrophulariaceae), Kawasaki et al., (1987) isolated scoparic
acid (113). This compound exhibited an inhibitory activity of bovine S-glucuronidase with an
ICso value of 6.8x10™ ug/mL.

HOOC ¥ OCOCgHs

(113)

The inhibitory activities of various enzymes as well as the antiviral, anti-tuberculosis,
antihypertensive, antiplasmodial, hepatoprotective, etc. properties of many labdane-type
diterpenes of natural or synthetic origin have also been highlighted by many researchers
(Chinou 1., 2005; Hanson, 2007).

These various biological properties of labdane-type diterpenes, which appear moreover
to be the predominant class of compound of the species D. microcarpum, come to rekindle our

interest in the study of this species with a view to isolating other also interesting biomolecules.
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CHAPTER 11 :
RESULTS AND DISCUSSION
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11.1. EXTRACTION AND ISOLATION OF COMPOUNDS

The different parts of Detarium Microcarpum (Fruits, twigs, stem bark, leaves, root barks

and root wood) were harvested in Gamba savanna (Mvina division, Adamaoua region of

Cameroon) on March 2017. Air-dried powder of those different part of D. microcarpum were

extracted by maceration at room temperature (about 25°C) firstly with methanol, on one hand,

and with a mixture of ethanol-water (7:3) solvent system (3x10 L) on the other hand, for 48 h.

After filtration, the resulting solutions were concentrated under reduced pressure to give crude

extracts. The extraction results obtained are shown in the tables below.

Table XI : Methanol extraction results of the different parts of D. microcarpum

Organ Code Powder Extract Extraction
mass (Q) mass (g) percentage (%)
Fruits DMF 545 340 62.38
Leaves DML 400 116 29.00
Root barks | DMRb 752 320 42.55
Root wood | DMR 1900 600 31.57

Table XII : ethanol-water extraction results of the different parts of D. microcarpum

Seri Cod o Powder Extract d_ExtIraﬁ[gt Extrac:ion
erie ode rgan issolution | percentage
mass (g) mass (g) solvent (%)

A DMA | Seeds 154 25 MeOH 16,23

B DMB | Fruits 457 279 MeOH 61,05

C DMC | Branches | 185 96 MeOH 51,89

D DMD | Young 210 49 MeOH-H.O | 23,33
leaves

E DME | Old 501 73 MeOH-HO | 14,57
leaves

F DMF | Root 868 373 MeOH 42,97
barks

G DMG | Root 2400 832 MeOH 34,66
wood

For the methanol extracts, only fruit extract was fractionated using successively n-hexane
(n-hex), dichloromethane (CH2Cly), ethyl acetate (EtOAc) and n-butanol (n-BuOH) through
flash chromatography over silica gel (200 g), to yield five fractions as indicated in table 13

below.
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Table XII1 : Fractionation results of the methanol extract of fruits.

Organ Solvent Fraction code Fraction mass (Q)
n-hex DMf1 15
CHCl DMf2 19
Fruits EtOAC DMf3 30
n-Butanol DMf4 57
Water DMf5 210

The n-butanol fraction (DMf4) (57 g), was subjected to CC over silica gel and eluted with

a DCM/MeOH (1:0-0:1) to give DMf4l, DMf42 and DMf43,

respectively. The

dichloromethane Fraction (DMf2) (19 g), was subjected to CC over silica gel, eluted with a
gradient of n-hexane/EtOAc and then EtOAc/MeOH to afford DMf21. The ethyl acetate
fraction (DMf3) (30 g) followed the same separation method to yield DMf31, DMf32 and

DMf33, respectively.

The different ethanol-water extracts were firstly submitted to antisalmonella test and then

fractionated using successively n-hexane (n-hex), dichloromethane (CH.Cl,), ethyl acetate

(EtOAC), n-butanol (n-BuOH) and water through flash chromatography over silica gel, to yield

five fractions for each part. Thus, after evaporation and lyophilization, 35 crude extracts were

obtained. The results of the fractionation are recorded in table 14.

Table X1V : Fractionation results of the different organs of D. microcarpum

Organ Solvant Fraction code Fraction mass (g)
Hexane DMAI1 4
Seeds CHCl; DMA2 5
AcOEt DMA3 6
Water DMA4 9
Hexane DMB1 15
CHCl; DMB2 17
Fruits AcOEt DMB3 22
n-Butanol DMB4 27
Water DMB5 168
Hexane DMC1 5
CHCl; DMC2 7
Branches AcOEt DMC3 10
n-Butanol DMC4 14
Water DMC5 30
Hexane DMDE1 8
Young and | CH:Cl, DMDE?2 11
Old leaves AcOEt DMDE3 13
n-Butanol DMDE4 18
Water DMDE5 52
Hexane DMF1 7
CHCl, DMF2 9
Root barks AcOEt DMF3 10
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n-Butanol DMF4 62
Water DMF5 275
Hexane DMG1 9
CHCl; DMG2 12
Root wood AcOEt DMG3 23
n-Butanol DMG4 135
Water DMG5 637

Fractions from roots wood, roots bark and fruits were subjected to successive column
chromatography over silica gel. Twenty compounds were obtained from this study as illustrated

in the schemes below (Scheme 8-11).

Fruits powder
545 g)

+ ' Extraction with methanol (48h)

Resid Methanol extract
esidu DMT (340 g)

- Antibacterial test
- Chemical screening
- LC-MS

Y
[Active extract: Fractionation by flash chromatographyj

|
Y Y Y Y Y

Hexane fraction|| Dichloromethane fraction| [ Ethylacetate fraction| [ n-butanol fraction| [ Water fraction
DMf1 (15 g) DMf2 (19 g) DMf 3 (30 g) DMf4(57¢) | DMf5(210g)
Not Active Not Active Active Not Active Not Active

DMf31(4.1mg) PDMf41(4 mg)
DMf32(5.3mg) > DMf42(3.5 mg)
DM 21(7mg) DMf33(6.5mg) L DMf43(8.3 mg)

Scheme 8 : Extraction and isolation protocol of fruit methanolic extract of D. microcarpum
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Fruits powder
B (457¢g)

y Extraction with ethanol/water (7:3)(48h)

Resid Hydroethanolic extract
£ DMB (279 g)

- Antibactenial test
- Chemical screening
-LC-MS

L 4
[:’u:ti'cs extract: Fractionation by flash r:hmmatograph}-')

¥

Hexane fraction || Dichloromethane fraction|| Ethylacetate fraction| |n-butanol fraction| [ Water fraction
DMB1 (15 g) DMB 2(17g) DMB3(22¢g) DMB 4(27g) || DMB 5(168 g)
Not Active Not Active Active Not Active Not Active

DMB21(16 mg) DMB31(9 mg)
DMB11(70 mg) DME22(170 mg) DMB32(4 mg)
DME12(27 mg) DME23(11 mg) DME 33(20 mg)

Scheme 9 : Hydro-ethanolic extraction and isolation pathway of compounds from fruits of D.

microcarpum

Root bark powder
F (868 g)

y Extraction with ethanol/water (7:3)(48h)

. Hydroethanolic extract
[ DMF (373 ¢ }

- Antibacterial test
- Chemical screening
v LC-MS

[Active extract: Fractionation by flash chromatography]

Y Y

Hexane fraction | Dichloromethane fraction|( Ethylacetate fraction|[n-butanol fraction| [ Water fraction
DMF 1 (7 g) DMF 2 (9 g) DMF 3 (10 g) DMF 4 (62g) || DMF 5 (275 g)

Not Active Not Active Active Not Active Not Active
DMF21(8 mg) DMF31(7 mg)
DMF11(15mg) DMF22 (20 mg) DMF32(125 mg)

> DMF12(7mg) '>~DMF23(17mg) !'sDMF33(28 mg)

Scheme 10 : Extraction and isolation pathway of compounds from root bark of D.

microcarpum
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Root wood powder
G (2400 g)

y Extraction with ethanol/water (7:3)(48h)

. Hydroethanolic extract
[ DMG (832 ¢ ]

- Antibacterial test
- Chemical screening
- LC-MS

\
(Active extract: Fractionation by flash chromatography]

Y Y \

{Hexane fraction} {Dichloromethane fractiorj {Ethylacetate fractioj {n—butanol fraction} { Water fraction }

DMG 1 (9 g) DMG 2 (12 g) DMG 3 (23 g) DMG 4 (135 ) | | DMG 5 (637 g)
Not Active Not Active Active Not Active Not Active
DMG21(8 mg) DMG31(6mg)
DMG11(76 mg) DMG22(10 mg) DMG32 (7 mg)

> DMG12(57 mg) DMG23(5mg) s DMG33 (35 mg)

Scheme 11 : Extraction and isolation pathway of compounds from roots wood of D.

microcarpum

Table XV : Informations on isolated compounds

. Compounds from | Compounds from
Compounds from fruits
roots bark roots wood
Solvants - - - Comments
Hydroethanolic Hydroethanolic Hydroethanolic
Methanol extract
extract extract extract
Codes Weight Codes Weight Codes Weight Codes Weight /
(mg) (mg) (mg) (mg)
DMB11
/ / DMB11 70 DMF11 15 DMG11 76 identical
Hex to DMG11
DMB12,
DMB21 and
/ / DMB12 27 DMF12 7 DMG12 57 DMG12 are
identical
DMF11
DMf21 7 DMB21 16 DMF21 8 DMG21 8 identical
to DMF21
CHzCl2 DMB22
/ / DMB22 170 DMF22 20 DMG22 10 identical
to DMG22
/ / DMB23 11 DMF23 17 DMG23 5
DMf21,
DMF22 and
AcOEt | DMf31 | 4.1mg | DMB31 9 DMF31 7 DMG31 6 DME31 are
identical
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DMf32 | 5.3mg | DMB32 4 DMF32 125 DMG32 7
DMf33 | 6.5mg | DMB33 20 DMF33 28 DMG33 35
DMB32 and
DMf4l | 4mg / / / / / / DMf41 are
identical
n-But DMB33 and
DMf42 | 3.5mg / / / / / / DMf42 are
identical
DMf43 | 8.3 mg

I11.2. CHARACTERIZATION OF COMPOUNDS ISOLATED FROM D.

MICROCARPUM AND CHEMICAL TRANSFORMATIONS.
From what has been mentioned above, a total of eighteen (18) compounds were isolated

from the different parts (fruits, roots wood and root bark) of D. microcarpum during our

investigations. These compounds belong to six classes of secondary metabolites including:
01 Cyanogenic derivetive (DMf43)

01 Ceramide (DMG31)

03 Diterpenoids (DMG23, DMB12, DMG22)

05 Triterpenoids (DMF23, DMF31, DMF32, DMf33 and DMF41)

05 Steroids (DMF21, DMf42, DMG11, DMB31 and DMG33)

04 Phenolic compounds (DMG21, DMf31, DMf32 and DMf33)
The structures of these compounds were elucidated by spectroscopic data analysis. To

complete the structure determination of some isolated compounds, chemical transformations

including methanolisis and the reduction, and X-rays analysis were carried out. In the

following pages, the structural elucidation of all those different compounds will be described.
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11.2.1. Characterization and identification of isolated compounds.
11.2.1.1. Cyanogenic derivative

11.2.1.1.1. Structure elucidation of compound DMf43 (Microcarposide)

Compound DMf43 was obtained as a white powder in EtOAc/MeOH (95:05) mixture. It
reacts positively both with Molish’s and the cyanogenic reagents, suggesting respectively the
presence of a sugar and a cyanide moiety in its structure. The molecular formula, C17H29NO1o,
implying 4 degrees of unsaturation, was deduced from its HR-ESI-TOF-MS (Figure 5), which
showed in the positive mode, the protonated molecular ion peak [M+H]" at m/z 408.1865 (calcd
for C17H3oNO10*, 408.1864).

Intens. | DMF4_BA7_01_3134.d: +MS, 2.1min #122
x105 ]
+ 1+
[I\/I+Na} 430.1688
2.5
2.0
1.5
. +
1.0 [ M+HJ
0.5+ \
309.1188 408.1865
] 419.1718
0.0-—p \ L \ : : : : V| h’. | | N
300 320 340 360 380 400 420 iz

Figure 5 : HR-ESI-MS spectrum of DMf43
The IR spectrum of compound DMf43 (Figure 6) exhibited a vibration band at ©
2356 cm™! characteristic of the stretching vibration of cyanide groups. This spectrum also
displays characteristic vibration bands of hydroxyl groups and Csps—H of aliphatic carbons at ©

3363 cm™! and © 2920 cm™, respectively.
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Figure 6 : IR spectrum of DMf43

The broad band proton decoupled 3C NMR spectrum (Figure7, Table 17) shows
seventeen signals corresponding to the seventeen carbon atoms contained in the molecular
formula. These signals were sorted by DEPT coupled with HMQC (Figure 11) techniques into
twelve sp® methines among which eleven oxymethines appearing at 6c 101.9 (C-1"), 101.2 (C-
1), 76.9 (C-5"), 76.1 (C-3"), 73.4 (C-2"), 72.4 (C-4"), 71.9 (C-2), 68.8 (C-3"), 70.9 (C-2"), 70.4
(C-4"), 71.1 (C-5") and one tertiary methine at dc 31.7 (C-3); one sp*® oxymethylene at dc 67.0
(C-6"); three methyles at dc 18.4 (C-6"), 18.2 (C-4) and 17.6 (C-5) and a quaternary carbon
signal at oc 118.1 (C-1) corresponding to carbon of cyanide group.
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Figure 7 : 3C NMR spectrum (125 MHz, DMSO) of DMf43
The combined analysis of the *H NMR (Figure 8; Table 17) and HMQC spectra of DMf43
showed a set of signals at on 4.51 (1H, d, J=5.6 Hz, H-2)/ 6c 71.9 (C-2), 6w 2.06 (1H, m, H-3)/
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oc 31.7 (C-3), on 0.97 (3H, d, J=6.8 Hz, H-4)/ 6c 18.2 (C-4) and Jn 1.11 (3H, d, J=6.7 Hz, H-
5)/ oc 17.6 (C-5) assignable to an isovaleronitrile aglycone type moiety (CsHoNO) (Nielsen et
al., 2002). The 'H NMR spectrum of DMf43 also exhibited two doublets of one proton each at
on4.34 (1H, d, J = 7.8 Hz, H-1") and 6n 4.59 (1H, d, J = 5.8 Hz, H-1") which correlated in the
HMQC spectrum with the corresponding carbons C-1" at Jc 101.9 and C-1" at Jc 101.2,
indicative of the presence of two sugar moieties. Were also observed in these spectra, two sets
of signals. The first set constituted of hydroxy methine and methylene signals at on/ dc 4.34
(1H, d, J=7.8 Hz, H-1")/ 101.9 (C-1"), 2.99 (1H, dd, J = 9.9, 6.5 Hz, H-2")/ 73.4 (C-2'), 3.32
(1H, s, H-3")/ 76.1 (C-3'), 3.05 (1H, dt, J = 8.9, 4.5 Hz, H-4")/ 70.4 (C-4"), 3.18 (1H, dt, J =
12.6, 6.5 Hz, H-5)/ 76.9 (C-5"), 3.81 (1H, dd, J = 11.9, 4.3 Hz, H-6a’)/ 67.0 (C-6') and 3.46
(1H,dd, J=11.9,2.2 Hz, H-6b")/ 67.0 (C-6") were characteristic of an D-glucopyranosyl moiety
(Yu SS et al., 1999), whereas the second set, including signals at on/ dc 4.59 (1H, d, J =5.8 Hz,
H-17)/101.2 (C-1"), 3.63 (1H, d, J = 9.0, H-2")/ 70.9 (C-2"), 3.43 (1H, d, J = 3.9, H-3")/ 68.8
(C-3"),3.20 (1H, d, J = 4.2, H-4")/ 72.4 (C-4"), 3.42 (1H, d, J = 3.2, H-5")/ 71.1 (C-5") and
1.13(3H,d, J=6.2, H-6")/ 18.4 (C-6") were attributable to an L-rhamnopyranosyl moiety (Yu
SSetal., 1999; Yu-jie et al., 2014). Complete assignment of the protons and carbons of the two
sugar units was achieved by the analysis of the COSY, HMQC and HMBC spectra of this

compound.
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Figure 8 : 'H NMR spectrum (500MHz, DMSO) of DMf43
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Figure 9 : Extended 'H NMR spectrum (500MHz, DMSO) of DMf43
At this stage of our discussion, it remains to us to determine the linkage between the two
sugar moieties and the aglycone unit.
The fragment ion observed at m/z 309 (M* - 99), in the HR-ESI-TOF-MS of DMf43,
corresponding to the loss of the aglycone confirmed that the aglycone was linked to the sugar
moieties through an oxygen atom (scheme 12).

HO
OH
@)
OH
@]
o) —_—
Hﬂﬁo A m/z=99

OH
m/z=309<«—""

T
Scheme 12: Mass fragmentation pattern of DMf43

Furthermore, the HMBC (Figure 11) correlations observed between the anomeric proton
H-1’ of the D-glucose unit at on 4.34 (1H, d, J = 7.8 Hz) and carbon C-3' (dc 76.1), C-5" (6c
76.9) and C-2 (oc 71.9) of the aglycone, clearly confirmed its direct attachment to the aglycone.
The HMBC correlations were used once again to establish the linkage between the two sugar
units. Indeed, the HMBC cross signals observed on the one hand, between protons H-6' of the
D-glucose moiety at o4 3.81 (1H, dd, J =11.9, 4.3 Hz, H-6a") and 3.48 (1H, dd, J =11.9, 2.2

Hz, H-6b") and the anomeric carbon C-1" of the L-rhamnose unit at oc 101.2, and on the other
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hand between the anomeric proton H-1" of the L-rhamnose unit at on 4.49 (1H, d, J=5.8 Hz)
and carbon C-6' (6c 67.0) of the D-glucose unit allowed a C-1’-O-C-6’ junction between the
two sugar units.

The relative stereochemistry of the two anomeric protons was established as f from the
33 coupling constant values of 5.0 Hz found both between H-1'and H-2" (3Ju1--2'=5.0 Hz), and
between H-1" and H-2" (3Jui~-m2» =5.0 Hz (Yu-jie et al., 2014; Yu SS et al., 1999).
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Figure 10 : HMQC spectrum of DMf43
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Figure 12 : COSY spectrum of DMf43
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Scheme 12 : Some COSY and HMBC correlations of DMf43
The absolute configuration of the stereogenic center C-2 of the aglycone was established
by comparing the chemical shifts and coupling constants of its proton with those of the two
closely related epimers heterodendrin and epi-heterodendrin (Figure S12) (Lechtenberg et al.,
1996). These two compounds are glucosides possessing in their structures the same aglycone
part directly link to the same sugar unit as in DMf43.

6'OH OH
4 \g 2 OH 4 \3 2 on
HO HO
HO o o, 1 HO o) 0.5 1
5/ l’i“CN 5/ lIKCN
3 3

heterodendrin 5 epiheterodendrin 5

Figure 13 : Absolute configuration of Heterodendrin and Epiheterodendrin
The fact that the *H NMR data of our compound (Chemical shifts and coupling constant)
(Table 15) showed very close similarities with those of epihetrodendrin allowed us to assign
the «R» configuration to carbon C-2, as in epihetrodendrin epimer (Lankhorst et al., 1995).
Table XVI : Some NMR data for Heterodendrin, Epiheterodendrin (Lankhorst et al.,
1995) and Compound DMf43

Position (S)-heterodendrine (R)-epiheterodendrine Compound 1
on (600 MHz, |oc (150 | on (600 MHz, | oc (150 | 6 (500 MHz, | oc (125
DMSO-d6) MHz, | DMSO-d6) MHz, | DMSO-d6) MHz,
DMSO- DMSO- DMSO-
d6) d6) d6)
1 - 117.8 - 118.6 - 118.1
2 474(J=62Hz) | 707 455 (J = 5.4 Hz) 726 | 451 (J=56Hz) | 719
1’ 4.32(J=7.6 Hz) 100.9 4.29 (J=7.7Hz) 103.4 4.34 (J =7.8Hz) 101.9
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Thus, from the above data, compound DMf43, to which trivial name microcarposide was
attributed, was assigned as (2R)-3-methyl-2-[$-L-rhamnopyranoside-1(1—6)-5-D-
glucopyranosyl] butanenitrile or (2R)-2-[f-L-rhamnopyranoside-1(1—6)-4-D-glucopyranosyl]

isovaleronitrile or 6’-O-rhamnosyl-(R)-epiheterodendrine.

HO —0
HO 5 (o) 23,\,
5 OH/QK

5
34

(114)

Table XVII: H (500 MHz) and 3C (125 MHz) NMR spectral data and HMBC
correlations of DMf43 in DMSO.

Positon  on(nH,m,JinHz) = éc(m) = HMBC
1 - 118.1 (s)
2 451 (1H, d, 5.6) 71.9 (d) Ci, C1, C3, Ca
3 2.06 (1H, dg, 13.3, 6.7) 31.7 (d)
4 0.97 (3H, d, 6.8) 18.2 (q)
5 1.11 (3H, d, 6.7) 17.6 (q)
I’ 4.34 (1H, d, 7.8) 101.9 (d) Ci
2 3.63 (1H, d, 9.0) 70.9 (d)
3 3.48 (1H, d, 3.9) 68.8 (d) Cir
41 3.20 (1H, d, 4.2) 72.4 (d)
5 3.43 (1H, d, 3.2) 71.1 (d)
6a’ 3.80 (1H, dd, 11.9, 4.3) 67.0 (1)
6b’ 3.82 (1H, dd, 11.9, 2.2)
1" 4.59 (1H, s) 101.2 (d) Cy
2" 2.99 (1H, dd, 9.9, 6.5) 73.4 (d)
3 3.32 (1H, s) 76.1 (d)
4" 3.05 (1H, dt, 8.9, 4.5) 70,4 (d)
5 3.18 (1H, dt, 12.6, 6.5) 76.9 (d)
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6" 1.13(3H, d, 6.2) 18.4 (q)

11.2.1.2. Ceramide

11.2.1.2.1. Structure elucidation of DMG31 (Microcarpamide)

DMG31 was obtained as colorless crystals in n-Hex/EtOAc 9:1, , [a]3’ + 9 (c 0.17,
CH30H-CH2Cl2), mp 133 °C. Its molecular formula, Cs4HgsNOs, containing one degree of
unsaturation, was deduced from the analysis of NMR data and HRESIMS (Figure 14) which
showed the pseudo-molecular ion peak [M+H]" at m/z 712.6819 (calcd 712.6819 for
CasHooNOs™). The IR spectrum (Figure 15) exhibited vibration bands for hydroxyl groups at ©
3333-3208 cm*and for a secondary amide carbonyl group at © 1633 and 1512 cm™.

intens. ] G31.d: +MS, 0.5min #27
+
] 684]6729
5000
4000
3000
] [M+H]*
2000 1+
] 1+ 698.6808
] 670.6582 1
1000 712.6819
465.3977 504.4060 582.4572

450 500 550 600 650 700 mz

Figure 14 : HR-ESI-MS spectrum of DMG31
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Figure 15 : IR spectrum of DMG31
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The 'H NMR spectrum (Figure 16; Table 19) of DMG31 revealed the presence of
characteristic signals for a secondary amide proton at on 8.73 (1H, d, J =9 Hz) and a downfield
H-2 azomethine proton of ceramide at on 5.16 (1H, m, H-2) (Simo et al., 2008). This spectrum
also displayed resonances for three oxymetine protons at on 4.79 (1H, m; H-4), 4.37 (1H, m;
H-3) and 4.30 (1H, t, J=6.5, H-2'), an oxygenated methylene at on 4.50 (1 H, dd, J = 4.8, 10.8
Hz, H-1b) and 4.45 (1H, dd, J = 4.9, 10.8 Hz, H-1a), a very strong aliphatic methylene signal
appearing as broad singlet at o 1.25-1.38 and two terminal methyl groups at o4 0.86 (3H, d, J
= 5.6 Hz, H-18) and 0.84 (3H, d, J = 5.6 Hz, H-26) indicating of the ceramide nature of
DMG31 (Bankeu et al. 2017, Garg et al., 1995).
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Figure 16 : 'H NMR spectrum (500 MHz, CsDsN) of DMG31

65



OCIguaafla_GF 2% WI-G33 g =2 ¢ 38 mE SS9x5E00Sg BRHASH 535383953322 K

Na. FOC3FNITGI2 £ 3 2 e == = st
PROTO% 58 Pyrkc:\%?uker\‘}u%ﬁﬁ.d} Service 24 N S I T ¢ e 2E+08

= e S = 7

e =

-2E+08

-2E+08

-2E+08

-2E+08

F1E+08

-1E+08

F1E+08

1E+08

F1E+08

[FOE+07

-8E+07

-7E+07

-6E+07

-SE+07

F4E+07

3E+07

2E+07

F1E+07

F-1E+07

3.0
f1 (ppm)

Figure 17 : Extended *H NMR spectrum (500 MHz, C5D5N) of DMG31

The broadband proton decoupled **C NMR spectrum of DMG31 (Figure 18; Table 19)
analyzed with the aid of APT technic supported the above assumption, showing carbon
resonances for an amide carbonyl at dc 173.6 (C-1'), an azomethine at Jdc 52.8 (C-2), an
oxymethylene at oc 61.6 (C-1), three oxymethines at oc 76.4 (C-3), 73.4 (C-4) and 72.2 (C-2'),
aliphatic methylenes at dc 22.0-34.0 and two methyl carbons appearing at 6c 14.0 (C-26 and
C-18’) (Naheed et al., 2007).
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Figure 18 : *C NMR spectrum (125 MHz, C5D5N) of DMG31
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Analysis of the *H-H COSY, HMQC and HMBC spectra (Figures 22, 25 and 26) led to
the assignments of proton and carbon resonances. The COSY spectrum displayed correlations
between the oxymethylene protons at on 4.50 (1 H, dd, J = 4.8, 10.8 Hz, H-1b) and 4.45 (1H,
dd, J=4.9, 10.8 Hz, H-1a) and the azomethine at on 5.16 (1H, m, H-2) which in turn correlated
with the oxymethine proton at o 4.37 (1H, m; H-3) and the amide proton at on 8.73 (1H, d, J
=9 Hz, N-H). Were also observed, the presence of hydroxy methine protons H-3 (61 4.37) and
H-4 (on 4.79), suggesting the presence of hydroxyl groups at C-1, C-3 and C-4, which was
further confirmed by the HMBC spectrum where correlations between the oxymethylene
protons H-1 (dn 4.45, H-1a and dn 4.50, H-1b) and the azomethine carbon C-2 (dc 52.8) were
observed; in turn, carbon C-2 (dc 52.8) was observed by the amide proton N-H (J1 8.73) and
by the oxymethine proton H-3 (dn 4.37). This spectrum exhibited also correlation between
proton H-4 (on 4.79) and carbon C-3 (dc 76.4). The location of a hydroxy group at C-2’ was
supported by the coupling observed on the COSY spectrum between the oxymethine proton
H-2' (on 4.30) and protons H-3' [0 1.94 (1H, t, 5.0) and 2.27 (1H, td, 11.8, 4.6)]. The HMBC
spectrum also showed correlations between both the amide proton N-H (én 8.73) and the
oxymethine proton H-2' (on 4.30) with amide carbonyl carbon C-1' at Jc 173.6. These
correlations also indicated the presence of a -NH-COCH(OH)CHz- moiety in DMG31 which
in turn confirmed the presence of sphingosine and fatty acid chains in this compound.

173.6
o

HN 1SR,

O;\72.2
04"'/73.4

HO.1 /2 R4

7 /o?’H“

61.6 508
764

In order to determine the lengths of the sphingosine and fatty acid chains and the absolute
configuration of DMG31, the acid methanolysis method of Graver and Sweeley was applied
(Su et al., 2002).

When DMG31 was methanolysed, this reaction yield to fatty acid methyl ester (FAME)
and to long-chain base (LCB) (Scheme 13).
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Scheme 13 : Methanolysis and organic extraction of DMG31
The LCB was found to be constituted of twenty-six carbon atoms from its HRESIMS
(Figure 19) which exhibited the ion peak at m/z 430.6860 (calcd 712.6819 for C44sHgoNOs) for
[HOCH2CH(NH3)(CHOH)2(CH)21CH3s]*  (C26HssO3N)  corresponding  to  1,3,4-
trihydroxyhexacosane-2-ammonium. On the basis of this evidence and in accordance with the
molecular formula and NMR data of DMG31, the FAME was deduced as containing nineteen

carbon atoms with carbonyl and hydroxyl groups, notably as methyl 2-hydroxyoctadecanoate.

m/z =430.6860

AN
. A
\)\H\/\/\/\/\/\/\/\/\/\/\/

HO

OH

68



Intens. G31MA_RC8_01_3450.d: +MS, 0.1min #7

5 1+
x10°] 226.6634

2.0

1.5—-
| Sphingosine mass

1+
90.7180

1.0

1+ 1+

158.6780 1+ 430.6860

054 362.6698

] 294.6618
OO T AI T ‘I T l T T T N T
50 100 150 200 250 300 350 400 450 mz

Figure 19 : HR-ESI-MS spectrum of organic phase

Thus, the structure of DMG31 was determined as N-(2'-hydroxyoctadecanoyl)-2-amino-
hexacosane-1,3,4-triol.

This compound possesses four stereogenic carbons at C-2, C-3, C-4 and C-2'. The
relative stereochemistry around these stereogenic centers, was established by comparison their
13C NMR data, with those of a similar molecule in the literature. In particular, the *3C NMR
chemical shifts of C-2 (dc 52.8), C-3 (dc 76.4), C-4 (6c 73.4) and C-2’ (6c 72.2) in DMG31,
were very close to those of a similar reported compound (2S, 2'R, 3S, 4R, 11E)-N-(2'-
hydroxyhenicosanoyl)-2-aminononadec-11-ene-1,3,4-triol, which showed values of dc 53.0
(C-2),76.8 (C-3), 73.1 (C-4) and 72.5 (C-2’) (1a) (Figurel8) (Dos Santos et al., 2012). The
fact that the optical rotation value ([a]o® = +10 (c =0.2, CH3OH)) of 1a, was found to be
close (in term of sign and value) with that of compound DMG31 ([¢]®°b = +9 (c=0.17,
CHsOH-CH-CI.)), suggested that in our compound, the stereochemistry around the stereo genic
carbons C-2, C-3, C-4 and C-2’ is the same (2s, 3s, 4R and 2'R respectively) as in compound
la. Hence, the structure of compound DMG31 was assigned as (2S, 2'R, 3S, 4R)-N-(2"-

hydroxyoctadecanoyl)-2-amino-hexacosane-1,3,4-triol, trivially named microcarpamide.

Table XVIII: C NMR spectral data (éc in ppm) of compound DMG31 and a natural
ceramide (Dos Santos et al., 2012) 1a in pyridin-ds.

Position DMG31 la
C-2 52.8 53.0
C-3 76.4 76.8
C-4 73.4 73.0
C-2' 72.2 725
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Figure 23 : Extended HMQC spectrum of DMG31

Table XIX : *H (500 MHz) and 3C (125 MHz) NMR spectroscopic data of DMG31 in
pyridin-ds.

Position dou;m;Jin Hz dc (ppm)
la 4.45 ; dd, J=10.8, 4.9 612
1b 4.50 ; dd, J=10.8, 4.8 '

2 5.13-5.20; m 52.8
3 479 ;m 76.4
4 4.56 ;m 73.4
5a 1.94;t,J=5.0
5b 2.27 ;td, J=11.8, 4.6 34.0
6 1.82-1.89 ; m 26.4
7-24 1.18-1.27 ; m 26.3-34.0
25 1.36-1.42 ; m 22.7
26 0.84 ;t,J=5.6 14.0
1’ - 173.6
2! 4.30;d,5.5, 72.2
3a’ 1.94;t,J=5.0
3b 2.27:1d, J= 11.8, 4.6 34.0
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4a’ 1.60-1.72 ; m

4b’ 1.82-1.89 ; m 301
5'-16' 1.27-1.32 29.3-30.0
17’ 1.43-1.48 ; m 22.7
18’ 0.86;t,J=5.6 14.0

NH 8.73,d,J=8.8 -

11.2.1.3. Diterpenoids.

11.2.1.3.1. Structure elucidation of DMG23 (Microcarpin).

Compound DMG23 was obtained as a white powder from the mixture of n-Hex/EtOAc
(15:7) with [a]p?® = + 20.5 (¢ =1.00, CHCIl3/MeOH). Its molecular formula, C16H3003 implying
two degrees of unsaturation was deduced from HRESIMS (Figure 24) which displays in
negative mode, the chloride adduct ion peak [M+CI] at m/z 305.1901 (calcd for C16H300sCl",
305.1889).
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Figure 24 : HR-ESI-MS spectrum of DMG23
In accordance with this molecular formula, 16 carbon signals were observed in the 3C
broad band proton decoupled spectrum of this compound (Figures 25). These signals were
sorted by DEPT 135 (Figures 26) and HMQC (Figures 27) techniques as four methyls at Jc
16.4, 17.7, 18.4 and 21.8; six sp® methylenes of which one oxymethylene at dc 57.7, the five
others appearing at dc 17.4, 27.1, 31.4, 32.9, 42.4; three sp® methines among with one

oxymethine at dc 76.2, the two other being at dc 37.4 and 41.8. From the above information, it
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was deduced that compound DMG23 possesses three quaternary sp® carbons, among which one

oxygenated at dc 75.8 and the two remaining others at dc 38.8 and 42.0. Furthermore, the

absence in the *C NMR data of unsaturated carbon led to the conclusion that the two degrees

of unsaturation, calculated from the molecular formula are due to the presence in the structure

of compound DMG23 of two rings. The bicyclic nature, in conjunction with the molecular

formula C16H3003, suggested that compound DMG23 is a labdane type diterpene presumably a

tetranorlabdane, possessing in its structure a decalin skeleton. (Hasnah et al., 1993 ; Arun et al.,
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Figure 25 : 13C NMR spectrum (125 MHz, CsDsN) of DMG23
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Figure 26 : DEPT 135 spectrum of DMG23
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Figure 27 : HMQC spectrum of DMG23
Analysis of the *H-NMR spectrum (Figure 31) combined with the HMQC informations
supported the presence of a labdane diterpene moiety in DMG23. Indeed, these NMR data
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revealed the presence of three-proton singlets at on/dc 0.88 (3H, s)/16.4; 0.87 (3H, s)/18.4 and
1.62 (3H, s)/21.8 attributable, respectively to two geminal methyl groups at position C-4 (dc
42.0) and a tertiary methyl group at position C-10 (Jc 38.8) of a labdane-type skeleton. A
subsequent methyl group appeared at 61/6¢ 1.50 (3H, d, 3.4)/17.7. Signals of two diastereotopic
protons at on/dc 2.07 (1H, dd, 1.5, 3.6)/31.4 and 1.92 (1H, dd, 1.5, 4.3)/31.4 exhibiting *H-'H
COSY (Figures 29) correlations with the oxymethylenic protons at dn/dc 4.04 (2H, t, 6.3)/57.7
were also observed, indicating the presence of a -CH,-CH»-O- spin system in DMG23.

The *H-NMR spectrum also displayed a set of three one proton broad singlets at dn/dc
5.25 (1H, s), 5.71 (1H, s) and 5.98 (1H, s) corresponding to three hydroxyl groups, confirming
the presence in the structure of this compound of three oxygenated carbons as suggested by 3C
NMR and among which, one oxymethylene (6c 57.7), one oxymethine (6c 76.2) and one
oxygenated quaternary carbon (6c 75.8) bearing a hydroxyl group. The oxymethine carbon was
assigned to be at C-3 position of the labdane skeleton according to the correlation *H-H COSY
(Figures 30) observed between H-3 (61/6c 4.10 (1H, t, 8.5)/ 76.2) and Hb-2 (61/5c 1.98 (1H,
dd, 14.7, 10.4)/ 32.9). This was also confirmed by H-*C HMBC spectrum (Figures 31) which
showed correlations between hydroxyl proton OH-3 at 64 5.98 (1H, s) and carbon C-3 (6¢ 76.2),
on one hand, and between H-14 (31/6¢ 0.87 (3H, s)/ 18.4) and carbon C-3 (¢ 76.2) on the other
hand. Among the four methyls observed in *H and 3C NMR, three of them have already been
located at position 4 and 10 of the labdane skeleton (Reddy, 2009). The remaining methyl group
was positioned at C-8 from the COSY correlations observed between the H-13 (6n1/06c 1.50 (3H,
d, 3.4)/ 17.7) and H-8 (dn/8c 2.37 (1H, dd, 14.7, 12.1)/ 41.8) protons on the one hand, and from
the HMBC correlation observed between the H-13 protons and the C-8 (6¢ 41.8) carbon on the
other hand. The oxygenated quaternary carbon (dc 75.8) was found to be at C-9 due to the
HMBC cross-peaks exhibited between both H-13 (6n/6¢ 2.37 (1H, d, 12.0)/ 41.8), H-16 (on/6c
1.62 (3H, s)/ 21.8) and C-9 (6¢c 75.8). At this stage of the discussion, the only free position on
the labdane skeleton was at C-9 on which the -CH2-CH2-O-H moiety was located. This was
confirmed on the one hand, from biogenetic considerations (Reddy, 2009) and on the other
hand, by the HMBC correlations observed between proton H-8 (on/6c 2.37 (1H, dd, 14.7,
12.1)/41.8) and the methylenic carbon C-11(6¢c 31.4).

All these informations led us to proposed for this compound, the following partial
structure (8-methyl-tetranorlabdane-3, 9, 12-triol) possessing five chiral centers around C-3, C-
5, C-8, C-9 and C-10.
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Figure 28 : 'H NMR spectrum (500 MHz, CsDsN) of DMG23

The relative stereochemistry around those chiral centers (C-3, C-5, C-8, C-9 and C-10)
was established from the comparison of this structure with a similar labdane diterpenoid,
vitepyrroloid C described in the literature (Luo et al., 2017). The substituent patterns on
stereogenic centers were identical in both structures except at position C-3 where vitepyrroloid
C carried an acetyl group while in DMGZ23, it was a hydroxyl group. In addition, compound
DMG23 exhibited positive optical rotation value [a]2° + 20.5 similar to that of vitepyrroloid
C [a]3° + 18, assuming that DMG23 had the same stereochemistry like vitepyrroloid C. Thus,
DMG23 was established to be (3S, 5S, 8R, 9R, 10S)-8-methyl-tetranorlabdane-3, 9, 12-triol,

to which the trivial name Microcarpin was assigned.

Scheme 15 : Some correlations COSY and HMBC of DMG23
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Table XX : 'H (500 MHz) and *3C (125 MHz) NMR spectroscopic data of DMG23 in
pyridin-ds.

Position oH:m; Jin Hz oc
la 2.21 (1H,t,13.2) 42.4
1b 1.56 (1H, d, 3.8)
2a 2.51 (1H, dd, 14.7, 11.6) 32.9
2b 1.98 (1H, d, 3.7)

3 4.10 (1H, s) 76.2
4 - 42.0
5 1.73 (1H, d, 12.1) 37.4
6a 2.05 (1H, s) 17.4
6b 1.67 (1H, dt, 4.6, 11.8)
7a 1.54 (1H, d, 3.0) 27.1
7b 1.38 (1H,t, 12.1)
8 2.37 (1H, d, 12.0) 41.8
9 - 75.8
10 - 38.8
11a 2.07 (1H, d, 3.6) 314
11b 1.92 (1H, d, 4.3)
12 4.04 (2H, d, 4.2) 57.7
13 1.50 (3H, s) 17.7
14 0.87 (3H, d, 3.4) 18.4
15 0.88 (3H, d, 3.4) 16.4
16 1.62 (3H, s) 21.8
OH-3 5.98 (1H, s) -
OH-9 5.25 (1H, s) -
OH-12 5.71 (1H, s) -

11.2.1.3.2. Identification of DMB12 (Rhinocerotinoic acid)

Compound DMB12 was obtained as a white crystal from the n-Hex/EtAcO (13: 7)
mixture. The molecular formula C20H3003 was deduced from analysis of its HRESIMS (Figure
32) which showed in positive mode, the sodium adduct ion peak [M+Na]* at m/z 341.2108
(calcd 341.2098 for C20H3003Na"), corresponding to six degrees of unsaturation. The twenty

carbon atoms present in molecular formula argued in favor of diterpenoid type skeleton.
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Figure 32 : HRESIMS spectrum of DMB12

The broadband proton decoupled *C NMR spectrum of DMB12 showed 20 carbon
signals which were assigned with the aid of DEPT technique (Figure 36 and 37) as five methyl
(0c 27.7,21.5, 19.1, 18.6, 11.4), six methylenes (c 39.1, 18.6, 41.2, 35.4, 32.7, 35.2) , two
methines (d¢c 116.6, 50,2) and seven quaternary carbon (Jc 33.2, 198.9, 129.7, 167.0, 41.0,
158.3, 167.8). The quaternary carbon signals at dc 198.9 (C-7) and 167.8 (C-15) suggested the
presence of two carbonyl functions attributable to conjugated ketone and carboxylic acid
respectively. The $3C NMR spectrum of DMB12 also displayed resonances for four sp? carbons
at 6c 129.7 (C-8), 167.0(C-9), 158.3 (C-13) and 116.6 (C-14) corresponding to two conjugated
double bonds of which one tetrasubstituted (C-8 and C-9) and one trisubstituted (C-13 and C-
14).
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Figure 35 : DEPT 135 spectrum of DMB12

The *H NMR spectrum (Figure 33) of DMB12 showed four singlets of three protons at
on 1.68, 1.06, 0.89 and 0.85, characteristic of methyl groups located on the decaline moiety of
a labdane-type skeleton. A signal of a vinylic proton was also observed at o4 5.68 (1H, d, J =
0.6 Hz, H-14) showing a HMBC correlation with the conjugated carboxylic acid carbonyl at 6c
167.8 (C-15), which confirmed this latter to form with C-13 (dc 158.3) and C-14 (Jc 116.6), a
conjugate system. Further HMBC correlations were observed between the methyl protons H-
17 (o1 1.68) and the conjugated ketone carbonyl at oc 198.9 (C-7) on the one hand, and between
this methyl protons H-17 and both sp? carbons C-8 (8¢ 129.7) and C-9 (167.0) on the other

hand, suggesting the methyl group and the conjugated double bond to be located on C-8 (dc
129.7).
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Figure 36 : 'H NMR spectrum (500MHz; DMSO) of DMB12
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Figure 37 : Expanded part 'H NMR spectrum (500MHz ; DMSO) of DMB12

By comparing these spectral data with those described in the literature, DMB12 was
identified as rhinocerotinoic acid (117), an anti-inflammatory labdane diterpene isolated for the
first time from Elytropappus rhinocerotis (Asteraceae) (Dekker et al., 1988). It is the first time

that this compound is reported from the genus Detarium.
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Table XXI : 'H and 3C NMR data (500 MHz and 125 MHz; in pyridin-ds) of DMB12 with
that reported by Rijo.

Position on (mH, m, Jun in Hz) oc oc (Dekker et al., 1988)
la 1.92 (1H, d, 12.4) 39.1(1) 35.8
1b 1.35(1H, dd, 12.9, 3.3)

2 1.53 (1H, dd, 10.2, 6.9) 18.6(d) 18.5
3a 1.41 (1H, dd, 13.9, 8.6) 41.2(1) 41.2
3b 1.21 (1H, dd, 13.2, 3.7)

4 - 33.2(s) 33.1
5 1.64 (1H, dd, 13.7,4.1) 50.2(d) 50.2
6a 2.22 (1H, dd, 3.7, 17.5) 35.4(t) 35.1
6b 2.50 (1H, dd, 14.3, 17.5)

7 - 198.9(s) 200.1
8 - 129.7(s) 130.5
9 - 167.0(s) 166.2
10 - 41.0(s) 41.0
11 2.37 (2H, t, 4.7) 32.7(1) 324
12 2.33(2H dd, 7.5, 3.7) 35.2(t) 39.7
13 - 158.3(s) 161.7
14 5.68 (1H, d, 0.6) 116.6(d) 115.1
15 - 167.8(5) 171.1
16 2.14 (3H, d, 1.1) 18.6(q) 19.1
17 1.68 (3H, s) 11.4(q) 11.4
18 0.85 (3H, s) 27.7(q) 27.6
19 0.89 (3H, s) 21.5(q) 21.2
20 1.06 (3H, s) 18.1(q) 18.1

11.2.1.3.3. Identification of DMG22 (5-(carboxymethyl)-5,6,8a-trimethyl-3,4,4a,5,6,7,8,8a-
octahydronaphthalene-1-carboxylic acid)

Compound DMG22 was obtained as a white crystal in the mixture of n-Hex/EtOAc (3
:1). Its HRESIMS (Figure 40) gave in positive mode, a pseudo molecular ion peak [M+H]" at
m/z 281.1721 corresponding to the molecular formula CieH2404 with five degrees of
unsaturation. The sixteen carbon atoms present in the molecular formula argued in favor of a

tetranorditerpenoid type skeleton.

86



Intens. DMG22_GB2_01_2427.d: +MS, 3.9min #227
x106 -
2.0~ [M+Na]*
. 303.1545
1.5 -
. 263.1615
- M+H +
1.0 [ ]
0.5 -
. 281.1721
. 221.1495 | ‘ | ‘ I
0.0 T T |l T T T T T |l —l T L T T T
200 220 240 260 280 300 320m/z

Figure 40 : HR-ESI-MS spectrum of DMG22
The ¥C NMR data coupled with DEPT technique (Figure 42 and 43) indicated the
presence of sixteen carbons resonances including those of two carboxylic acid carbonyls at oc
175.2 and 170.5, two sp? carbons at dc 144.2 and 138.1, three methyls of which two tertiary
methyls at dc 21.8 and 17.4, and one secondary methyl at Jc 39.3.
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Figure 41 : 13C NMR spectrum (125MHz; CsDsN) of DMB12
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Figure 42 : DEPT 135 spectrum of DMB12
Analysis of the *H NMR spectrum of DMG22 revealed the presence of one olefinic
methine proton resonance at on 7.01 (1H, br s) and three methyl proton signals at on 1.53 (3H,
m), 0.98 (3H, d, 6.6), 0.80 (3H, d, 2.4). These 'H and *C NMR spectroscopic data were
consistent with a clerodane diterpenoid type skeleton containing two carboxylic acid functions.
One of the carboxylic acid function were evidenced from the fragment ion peak observed on
the HRESIMS at m/z 221.1495 [M+H-60]" due to the loss of a -CH2CO2H group.
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Figure 43 : 'H NMR spectrum of (500MHz; CsDsN) of DMB12
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The comparison of these NMR and MS data with those described in the literature allowed

us to attribute to DMG22, the structure of 5-(carboxymethyl)-5,6,8a-trimethyl-

3,4,4a,5,6,7,8,8a-octahydronaphthalene-1-carboxylic acid (118). It is a tetranorditerpenoid

previously isolated from the bark of Detarium microcarpum harvested in Dakar, Senegal

(Aquino et al., 1992).

Table XXII: *H NMR (500 MHz, CsDsN), and *C NMR (125 MHz, CsDsN) spectral data

of compound DMG22

Position DMG22 Aquino et al., 1992
(CHCl3)
oH (M, JuH in HZ) oc Jc

1 - 144.2 140.6

2 7.01 (1H,t,4.3) 138.1 141.4

3-a 2.22 (1H, m) 28.6 27.4

3-b 1.56 (1H,t, 7.5)
4-a 2.11 (1H, dd, 12.5, 6.9) 19.8 18.4
4-b 0.80 (3H, m, 2.4)

4a 1.99 (1H, dd, 3.1, 7.3) 49.4 47.8

5 - 41.7 41.1

6 2.20 (1H, m) 39.3 37.4

7-a 2.43 (1H, dd, 10.8, 6.6) 28.5 27.1

7-b 1.33 (1H, m)
8-a 2.87 (1H, m) 37.1 35.3
8-b 1.40 (2H, d, 11.5)

8a - 38.6 37.8

1'a 2.63 (1H, d, 13.5) 44.7 43.0

1'b 2.53 (1H, d, 13.5)

2’ - 175.2 177.8
5-CHs 1.53 (3H, s) 17.4 16.2
6-CHs 0.98 (3H, d, 6.6) 18.5 17.4
8a-CHs 0.80 (3H, s) 21.8 20.5

1-COOH - 170.5 172.2
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11.2.1.4. Triterpenoids

11.2.1.4.1. Identification of DMB32 (lup-20(29)-en-28-oic acid)

Compound DMB32 was isolated as a white powder in the n-Hex/EtOAc mixture (3/1).
Soluble in chloroform, it reacted positively to the Liebermann-Burchard test suggesting its
triterpenoidic nature. Its HRESIMS showed the pseudo molecular ion peak [M+H]" at m/z
426.3045 compatible with the molecular formula C3oHsoO implying 6 degrees of unsaturation.

The *H NMR spectrum (Figure 44) of DMB32 showed in the upfield region, seven tertiary
methyl singlets between 84 0.68 and 1.67 among which six appeared to be linked to sp® carbons
(8n 0.68-1.03) and one to a sp? carbon (81 1.67) (Teixeira et al., 2017).

The 'H and ¥C NMR (Figure 45) spectra also displayed two olefinic methylene proton
singlets at on 4.68/dc 109.3 and on 4.56/0c 109.3 assignable to a terminal methylene group, one
downfield allylic methine proton at on 2.37/ oc 48.0, one oxymethine proton at o 3.18/ oc 78.9
attributable to H-3 proton of triterpene and one olefinic tertiary carbon signal at oc 150.9 (Table
23) (Teixeira et al., 2017).

The comparison of these spectral data with those reported the literature allowed us to
assign to compound DMB32 the structure 119 which is that of 34,23-dihydroxylup-20(29)-en-
28-oic acid (Lupeol) (Teixeira et al., 2017).
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Figure 45 : 13C NMR (125 MHz, CDClz) spectrum of DMB32
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Table XXII1: *H NMR (500 MHz, CDCIs), and 3C NMR (125 MHz, CDCIs) spectral data
of compound DMB32

Position oHINn ppm oc ocin ppm
(nH, m, Jin Hz) (m (Teixeira et al., 2017)
1 1.47 (1H, m); 1.37 (1H, m) 38.7(1) 38.1
2 2.20(1H, m); 2.14 (1H, m) 27.5(1) 24.4
3 3.18 (1H, dd, 11.6-5.2) 79.0(d) 79.1
4 - 38.8(s) 38.7
5 1.38 (1H,t,9.1) 55.3(d) 55.3
6 1.41 (1H,d, 6.1) ; 1.36 (1H, d, 18.3(t) 18.3
12.5)
7 1.45 (1H, m) ; 1.33 (1H, m) 34.3(t) 34.3
8 - 40.8(s) 40.9
9 1.38 (1H,t,9.3) 50.4(d) 50.5
10 - 37.1(s) 37.2
11 1.45 (1H, m) ; 1.23 (1H, m) 20.9(1) 20.9
12 1.52 (1H, m) ; 1.39 (1H, m) 25.1(1) 25.2
13 1.45 (1H, m) 38.1(d) 38.9
14 - 42.8(s) 42.9
15 1.45 (1H, m) ; 1.24 (1H, m) 27.4(1) 27.5
16 1.48 (1H, m) ; 1.32 (1H, m) 35.6(t) 35.6
17 - 43.0(s) 43.0
18 1.53 (1H, t, 10.1) 48.3(d) 48.3
19 1.19 (1H, m) 48.0(d) 48.0
20 - 151.0(s) 150.9
21 1.47 (1H, m) ; 1.28 (1H, m) 29.8(1) 29.9
22 1.49 (1H, m) ; 0.92 (1H, m) 40.0(d) 40.0
23 0.86 (3H, d, 6.2) 28.0(q) 28.0
24 0.74 (3H, s) 15.4(q) 15.4
25 0.80 (3H, s) 16.1(q) 16.1
26 0.95(3H, s) 15.9(q) 16.0
27 1.00 (3H, s) 14.5(q) 14.6
28 0.90 (3H, s) 18.0(s) 18.0
29 4.66 (1H, s); 4.55 (1H, s) 109.3(t) 109.3
30 1.66 (3H, s) 19.3(q) 19.3

11.2.1.4.1. Identification of DMF31 (Betulinic acid)

DMF31 was isolated as a white powder, in the n-Hex/EtOAc mixture (3/1). Soluble in
chloroform, it gave positive reaction in Liebermann Burchard test characteristic of
triterpenoids. Its HRESI mass spectrum (Figure 46) showed the pseudo molecular ion peak
[M+H]* at m/z 457.3721 compatible with the molecular formula C3oHssO3 containing 7 degrees
of unsaturation.

The comparison of the *H and *C NMR spectra of compound DMF31 (Fig 47 and 48,
respectively) with those of compound DMB32 showed close similarities including the presence
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of two olefinic protons at on 4.93/dc 109.5 and dn 4.76/0c 109.5, a downed methyl group at on
1.78/6c 19.5, avinylic methine at 0w 3.52/dc 49.7 and an oxymethine proton H-3 of triterpenoids
at on 3.44/6c 78.1, indicating that compound DMF31 as compound DMB32 was a pentacyclic
triterpene of the lup-20(29)-ene series.

The only difference between the two compounds was the disappearance of signals
corresponding to the C-28 quaternary methyl group in compound DMF31 NMR spectra, which
was replaced by a carboxylic acid function resonating at du 12.4/6c 177.2. All these *H- and
13C- NMR data (Table 24) were in accordance with those described in the literature for betulinic
acid (120) (Siddiqui et al., 1988).
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Figure 46 : HR-ESI-MS spectrum of DMF31
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Figure 47 : 'H-NMR spectrum (500 MHz, CsDsN) of DMF31
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Figure 48 : 13C-NMR spectrum (500 MHz, CsDsN) of DMF31
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Table XXI1V: TH NMR (400 MHz, CDCIs), and *C NMR (125 MHz, CDCIs) spectral data
of DMF31

Position onin ppm (nH, m, J en Hz) ocin ppm (m) ocin ppm
(Siddiqui et al., 1988)
1 1.47 (1H, m); 1.37 (1H, m) 38.5(t) 38.7
2 2.20 (1H, m); 2.14 (1H, m) 37.6(t) 37.4
3 3.37 (1H, t) 77.4(d) 78.9
4 - 35.6(5) 38.8
5 - 56.5(d) 55.3
6 1.41 (1H, d) ; 1.36 (1H, d) 32.3(t) 18.3
7 1.45 (1H, m) ; 1.33 (1H, m) 34.3(t) 34.3
8 - 41.0(s) 40.7
9 1.38 (1H, 1) 50.4(d) 50.5
10 - 37.4(s) 37.2
11 1.45 (1H, m) ; 1.23 (1H, m) 20.8(t) 20.8
12 1.52 (1H, m) ; 1.39 (1H, m) 25.5(t) 25.5
13 1.45 (1H, m) 37.2(d) 38.4
14 - 42.6(s) 42.4
15 1.45 (1H, m) ; 1.24 (1H, m) 25.6(t) 30.5
16 1.48 (1H, m) ; 1.32 (1H, m) 29.7(t) 32.1
17 - 47.1(s) 56.3
18 1.53 (1H, 1) 42.6(d) 46.8
19 1.19 (1H, m) 49.1(d) 49.2
20 - 150.6(s) 150.3
21 1.47 (1H, m) ; 1.28 (1H, m) 28.4(t) 29.7
22 1.49 (1H, m) ; 0.92 (1H, m) 33.3(t) 37.0
23 0.86 (3H, d) 22.2(q) 27.0
24 0.70 (3H, s) 18.3(q) 15.3
25 0.85 (3H, s) 16.0(q) 16.0
26 0.99(3H, s) 16.1(q) 16.1
27 1.03 (3H, s) 14.7(q) 14.7
28 177.2(s) 180.5
29 4.72 (1H, s); 4.59 (1H, s) 109.6(t) 109.6
30 1.67 (3H, s) 19.4(q) 19.4

11.2.1.4.3. Identification of DMF33 (Alphitolic acid)

Compound DMF33 was isolated as white powder, in the n-Hex/EtOAc mixture (1/1). It
was soluble in chloroform and reacted positively to Liebermann-Burchard’s test suggesting its
triterpenoid nature. The molecular formula, C30H4s04 with 07 degrees of unsaturation, was
deduced from NMR data and its HR-EIMS (figure 49) which showed a molecular ion peak [M]*
at m/z 472.3.

The 'H and $3C NMR data of DMF33 (figure 51) were very similar to those of DMF31,
suggesting DMF33 to be also a pentacyclic triterpene close to betulinic acid. The only
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difference observed between them was the absence of a methylene group at C-2 in DMF33,
which was replaced by an oxymethine appearing at on 3.41 (1H, ddd, 4.4, 9.3, 11.3, H-2)/6c 70

By comparing these *H and *3C NMR data with those previously reported, compound
DMF33 was identified as a pentacyclic triterpene (121) namely Alphitolic acid (Aguirre et al.,
2006).

Figure 49 : Mass spectrum of DMF33
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Figure 50 : 'H NMR (400MHz, MeOD) spectrum of DMF33

Figure 51:

Figure 51 : Expended 'H NMR spectrum (400MHz, MeOD) of DMF33
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Table XXV: 'H NMR (500 MHz, MeOD), and 3C NMR (125 MHz, MeOD) spectral data
of compound DMF33.

(Aguirre et al 2006)

Position DMF33 DMSO-ds
on(nH, m, Jin Hz) oc in ppm (m) on(nH, m,Jin Hz) oc (ppm)
1 48.1(t) 47.5
3.60 (1H, ddd, 4.4, 9.3, 3.51 (1H, ddd, 4.4, 9.3,
2 11.3) 70.0(d) 11.3) 67.8
3 2.81 (1H, d, 9.3) 84.1(d) 2.72 (1H, d, 9.3) 82.6
4 40.3(s) 39.4
5 56.5(d) 55.3
6 17.6(t) 18.4
7 38.1(t) 34.3
8 40.2(s) 40.7
9 49.8(d) 50.3
10 40.5(s) 38.3
11 20.9(t) 21.0
12 26.1(t) 25.4
2.26 (1H,ddd, 3.4, 12.7, 2.22 (1H,ddd, 3.4, 12.7,
13 12.7) 40.2(d) 12.7) 38.0
14 42.0(s) 42.5
15 31.4(t) 30.6
16 33.1(t) 32.1
17 53.9(s) 55.8
18 1.52 (1H, t, 11.3) 51.8(d) 1.52 (1H, t, 11.3) 49.0
19 2.93 (1H, m) 50.0(d) 2.96 (1H, m) 471
20 151.2() 150.7
21 31.5(t) 29.6
22 34.7(t) 36.7
23 0.90 (3H, s) 30.4(q) 0.90 (3H, s) 29.1
24 0.68 (3H, s) 18.1(q) 0.68 (3H, s) 17.3
25 0.82 (3H, s) 18.0(q) 0.82 (3H, s) 17.5
26 0.77 (3H, s) 17.2(q) 0.87 (3H, s) 16.2
27 0.95 (3H, s) 16.1(q) 0.94 (3H, s) 14.8
28 180.1(5) 177.6
4.70(1H, d, 1.8, H-29a) 4.70 (1H, d, 1.8, H-294)
29 456(1H.d 1.8 H-20p) 1000 457 (1H, d, 1.8, H-295) 1100
30 1.68 (3H, s) 19.7(q) 1.66 (3H, s) 19.4

11.2.1.4.4. 1dentification of DMF23 (38,23f-dihydroxylup-20(29)-en-28-oic acid)

DMF23 was isolated as a white powder in a mixture of n-Hex/EtOAc (1/1). It was soluble
in pyridine and gave positive reaction to the Liebermann Burchard’s test characteristic of
triterpenoids. The analysis of its HR-ESI-MS showed the pseudo-molecular ion peak [M+H]*
at m/z 472.3545 from which the molecular formula C3oHss04 was deduced, containing seven

degrees of unsaturation.
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These molecular formula and degrees of unsaturation were identical to those of compound
DMF33 described above, indicating that compounds DMF23 and DMF33 had the same
skeleton. Comparison of their *H and *C NMR data (Figure 53 and 54) revealed very close
similarity. The main difference observed between the two compounds was the presence of five
methyl group signals in DMF23 instead of six presented by NMR data of DMF33.The
remaining methyl group were replaced by an oxymethylene appearing at on/ oc 3.89 (d, 11.4)/
71.9; 3.70 (d, 11.4)/ 71.9. By comparing these data with those previously reported in the
literature, compound DMF23 was identified as 34,234-dihydroxylup-20(29)-en-28-oic acid
(Valencia-Chan et al., 2017).
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Figure 52 : 'H NMR spectrum (500 MHz, CsDsN) of DMF23
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Figure 53 : 13C NMR spectrum (125 MHz, CsDsN) of DMF23
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Table XXVI : TH NMR (500 MHz, CsDsN), and 13C NMR (125 MHz, CsDsN) spectral data
of compound DMF23

(Valencia-Chan et al., 2017)

Position DMF23 C:DsN 125 MHz
N° on (mult., J in Hz) oc (m) Jc
la 1.79, m
1b 137 m 34.2(t) 34.2
2a 1.97, m
2h 1.76. m 27.2(t) 27.6
3 3.95, br 76.3(d) 75.8
4 - 41.3(s) 41.8
5 2.12,d, 12 44.2(d) 444
6a 1.59, m
6b 1.39 m 18.9(1) 19.0
7a 1.63, m
7b 1.35 m 35.0(t) 35.4
8 - 41.8(s) 41.2
9 1.65,t, 11.4 51.4(d) 52.1
10 - 38.1(s) 38.2
11a 1.51, m
11b 1.22.m 21.7(t) 21.7
12a 1.95 m
12b 1.19- m 33.3(t) 33.5
13 2.74,t, 12 39.1(d) 38.9
14 - 43.4(s) 43.7
15a 1.86,t, 13.2
15b 1.21.d, 13.2 30.7(H 30.7
16a 2.61,d, 126
16b 148 m 33.7(1) 34.0
17 - 57.1(s) 57.6
18 1.70 50.2(d) 50.3
19 3.55m 48.3(d) 48.5
20 - 151.8(s) 149.9
21a 2.25,m
21b 151 m 31.7(t) 32.7
22a 2.25,m
29h 1.59. m 38.0(t) 36.8
23a 4.04,d,11.4
23 3.59 d. 11.4 71909 720
24 0.78, s 18.5(q) 18.7
25 0.89, s 17.0(q) 17.3
26 0.99, s 15.4(q) 14.8
27 1.22,s 17.1(q) 17.5
28 - 179.4(s) 178.8
29a 476, brs
29h 4.94 brs 110.4(t) 109.9
30 1.79, s 19.9(q) 19.5
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11.2.1.4.5. Identification of DMF32 (ursolic acid)

Compound DMF32 was isolated as a white powder in a mixture of n-Hex/EtOAc (13/7).
It is soluble in pyridine and responds positively to the Liebermann Burchard’s test characteristic
of triterpenoids. The analysis of its HRESIMS (Figure 55) showed the pseudo-molecular ion
peak [M+H]" at m/z 457.3731 from which the molecular formula CsoH4sO3 was deduced,

containing seven degrees of unsaturation.
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Figure 55 : HR-ESI-MS spectrum of DMF32
The *H and *C NMR spectral data of this compound (Figure 56 and 57, respectively)

displayed signals for seven methyl groups in the region on 0.88 - 1.24 among which five angular
methyls and two secondary one at 6+ 0.95 (3H, d, J= 6.2 Hz) / 6c 21.2 and 61 1.00 (3H, d, J =
6.4 Hz) / 6c 16.4.
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Figure 56 : 'H NMR spectrum (500 MHz, CsDsN) of DMF32
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Figure 57 : 13C NMR spectrum (125 MHz, CsDsN) of DMF32

These NMR spectra also showed the presence of one olefinic proton at 61 5.49 (dd, J =
10.4, 5.6 Hz) / 6c 125.4, one allylic proton at on 2.63 (d, J = 11.1 Hz) / 6c 53.3, and signals for
two olefinic sp? carbons at dc 125.4 and dc 139.1 characteristic of a pentacyclic triterpene
belonging to the urs-12-ene series (Table 26). In addition to the urs-12-ene skeleton signals, an
hydroxymethine at on 3.45 (dd, J = 10.1, 5.8 Hz) / 6c 77.9 and a carboxylic group at dc 179.7
were also observed.

From the above spectroscopic data, compound DMF32 was identified as ursolic acid
(122), a known compound previously isolated from Arctostaphylos uva-ursi (Mahato and
Kundu, 1994).
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Table XXVII : 'H NMR (500 MHz, CsDsN) and *C NMR (125 MHz, CsDsN) spectral data
of DMF32

(Mahato and Kundu, 1994)

Position DMF32 CD:0D 125 MHz
od(nH, m, Jin Hz) oc (m) Jc
1 1.55 (2H, dd, 14.0 and 6.5) 38.9(1) 39.8
2 27.9(1) 27.9
3 3.45 (1H, dd, 10.1 and 5.8) 77.9(d) 79.7
4 39.2(s) 40.0
5 0.86 (1H, d, 11.9) 55.6(d) 56.8
6 18.6(t) 19.5
7 33.4(1) 34.4
8 39.7(s) 40.8
9 1.62 (1H, dd, 17.9 and 10.0) 47.8(d) 47.9
10 37.1(s) 38.1
11 23.4(1) 24.4
12 5.49 (1H, dd, 10.4 and 5.6) 125.4(d) 128.9
13 139.1(s) 139.7
14 42.3(s) 43.3
15 2.33 (2H, td, 13.4 and 4.6) 28.5(1) 29.2
16 2.12 (2H, td, 13.3 and 4.2) 24.7(1) 25.3
17 47.8(s) 47.9
18 2.63 (1H, d, 11.3) 53.3(d) 54.4
19 39.3(d) 40.5
20 39.2(d) 40.4
21 30.9(1) 31.8
22 37.2(1) 38.1
23 1.24 (3H, s) 28.6(q) 28.8
24 17.3(q) 16.4
25 15.5(q) 16.0
26 17.2(q) 17.7
27 1.22 (3H, s) 23.7(q) 24.1
28 179.7(s) 181.8
29 1.00 (3H, d, 6.4) 16.4(q) 17.8
30 0.95 (3H, d, 6.2) 21.2(q) 21.6

11.2.1.5. Steroides

11.2.1.5.1. Identification of DMF21 (mixture of g-sitosterol and stigmasterol)

Compound DMF21 was isolated in the form of white needles in the hexane-ethyl
acetate mixture (9: 1). Soluble in chloroform, it melts between 123 and 124 °C and responds
positively to the Liebermann Burchard test by giving a blue coloration which quickly turns dark
green, characteristic of sterols.

This compound was identified to be a mixture of stigmasterol and g-sitosterol 124

using its NMR data and mass spectrum. Indeed, on its *H NMR spectrum (Figure 58), we
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observed on the one hand, the signals of H-6 and H-3 protons of these phytosterols at dn 5.30
and 3.52 respectively, and on the other hand, the signals of H-22 and H-23 protons of the
stigmasterol at &y 5.10 and 5.14 respectively. This was corroborated by *C NMR spectrum
which exhibited olefinic carbon signals at oc 140.7 and 121.7 (C-5 and C-6 respectively), and
the signals at dc 138, 3 and 129.3 for the stigmasterol corresponding to carbons C-22 and C-23
respectively. We also observed the signal of oxymethyne carbons at Jc 71.8 attributable to
carbon C-3 (Pateh et al., 2009). The other signal values compared to those found in the literature

led to the structures below which are those of stigmasterol and g-sitosterol (124).
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Figure 58 : 'H NMR spectrum (500 MHz; CDCI3) of DMF21

11.2.1.5.2. Identification of DMf42 (f-sitosterol glucoside)
DMf42 was obtained as colorless crystals in the Hex/EtAcO mixture (25:75). Soluble in

pyridine, it melts between 260-261 °C and responds positively to the Molish and Liebermann
Burchard tests. This result suggests that the compound DMf42 is a glycosylated compound.
The molecular formula, C3sHesoOs, implying six degrees of unsaturation was determined on the
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basis of NMR spectra data and the HRESI mass spectrum, which showed a pseudo molecular
ion peak [M+Na]* at m/z 599.4279.

Intens . RHE6.d: +MS, 0.8min #48

x106 1
599.4279
+
[M+Na]
34
P
1]
585.4122
720.6107
615.4040 734.6245
663.4436 706.5961 748.6391
0% T T T T T T T T T
525 550 575 600 625 650 675 700 725 750 mz

Figure 58 : HR-ESI-MS spectrum of DMf42

The broadband proton decoupled *3C NMR spectrum recorded in the pyridine-ds (Figure
59) of this compound, presents two (02) categories of signals:

The first category, consisting of twenty-nine (29) resonant carbon signals between Jc 12.4
and 141.7 including two (02) sp? hybridized carbon signals at dc 123.3 and 141.7 and one
carbon signal oxygenated hybridized sp® at 6c 80.3, the rest of the signals appearing between
oc 12.9 and 58.2 are attributable to the signals of the carbons of a g-sitosterol type aglycone.
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Figure 59 : 13C RMN spectrum (125 MHz, CsDsN) of DMf42
This was confirmed by its *H NMR spectrum (Figure 60) on which we observed, among
other things, a signal from an ethylenic proton at 84 5.37 characteristic of the H-6 proton and
an oxymethine signal. at on 3.59 characteristic of the H-3 proton.
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Figure 60 : 'H NMR spectrum (500 MHz, C5D5N) of compound DMf42

The second category of carbon signals consists of six (06) peaks whose chemical shifts
vary from Jc 63.0 to 102.5 corresponding to an osidic unit of the hexose type. Comparison of
these chemical shifts with those in the literature (Viswanah et al., 2006) indicates that it is
glucose. This was also confirmed by its 1H NMR spectrum on which we observed the protons
of oxymethines and methylenes resonating between J1 2.28 and 4.44.

All these data, compared to those reported in the literature (Viswanagh et al., 2006),
allowed the identification of the compound DMf42 as being the 3-O-f-D-glucopyranoside of
[-sitosterol (125).
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11.2.1.5.3. Identification of DMG33 (stigmasterol glucoside)

Compound DMG33 was isolated in the form of a white powder in the Hex / AcOEt
mixture (40: 60). Soluble in pyridine, it melts between 274-276 °C and responds positively to
the tests of Molish and Liebermann Burchar. Its 'H and 3C NMR spectra (Figure 61 and 62)
shows the characteristic peaks of a sterol glucoside. Its broadband proton decoupled **C NMR
spectrum is almost superimposable to that of DMf42. Similarities are observed in the following
characteristic signals: the A>® double bond at 5c 141.7 and 123.3, the C-3 oxymethine at Jc
80.3, as well as the signals at dc 51.6; 58.1 and 57.4 corresponding to carbon C-9, C-14 and C-
17 respectively. The only difference is observed in the presence of signals attributable to the
A% pond at dc 138.7 and 130.6. All of these data compared to those found in the literature

confirm the structure below which is that of stigmasterol glucoside (126).
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Figure 61 : 'H RMN spectrum (500 MHz, CsDsN) of compound DMG33
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Figure 62 : *C RMN spectrum (125 MHz, CsDsN) of compound DMG33

Table XXVIII : 'H NMR (500MHz, CsDsN) and *C NMR (125MHz, CsDsN) Spectral data
of compounds DMf42 and DMG33.

Position DMG33 (stigmasterol glucoside) DMf42 (p-sitosterol glucoside)
'H (ppm) (mult., Jen Hz)  13C (ppm) H (ppm) (mult., Jen Hz)  BC (ppm)
1 38.6 38.0
2 35.2 30.9
3 3.59 (1H, m) 80.3 3.80 (1H, m) 80.3
4 43.6 43.5
5 141.7 141.7
6 5.37 (t, 6.1) 1233 5.38 (t, 6.4) 1233
7 30.4 30.3
8 30.4 30.3
9 51.6 51.6
10 35.2 35.0
11 22.3 22.3
12 39.9 39.9
13 43.6 43.5
14 58.2 58.1
15 26.7 25.6
16 30.2 29.5
17 57.4 57.3
18 0.72 () 12.9 0.70 (s) 12.9
19 1.03 (s) 20.0 0.93 (s) 20.5
20 41.9 37.4
21 0.86 (d) 22.4 084 (d, 6.3) 22.3
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22 5.14 (dd, 12.0, 8.0) 139.7 4.51 (m) 33.2

23 5.03 (dd, 12.0, 8.0) 129.6 5.14 (m) 25.6
24 52.7 47.2
25 33.2 30.4
26 0.82 (d, 6.6) 22.3 0.83 (d, 6.4) 22.3
27 0.80 (d, 6.6) 20.8 0.81 (d, 6.4) 20.4
28 24.3 22.4
29 133 132
1 4.44 (d, 7.8) 1025 4.40 (d, 7.8) 1025
2" 3.31 (m) 77.9 3.29 (m) 74.9
3 3.62 (m) 77.9 3.58 (m) 77.4
4 3.31 (m) 716 3.30 (m) 71.6
5 3.39 (m) 80.3 3.35 (m) 77.4
6 2.28 (m) 63.0 2.39 (m) 63.0

11.2.1.5.4. Identification of DMB31 (stigmasterol)

Compound DMB31 was obtained as colorless needles (85:15 n-Hexane/EtOAc), mp
137—138 °C. It reacted positively to the Liebermann-Burchard test for steroids (blue -violet
colour). The molecular formula, C29H4sO, implying five degrees of unsaturation was
determined on the basis of NMR spectra data and the HRESI-MS, which showed a molecular
ion peak [M+H]" at m/z 412.3452 with further fragment peaks which are characteristically
attributed to stigmasterol. Its 23C NMR spectrum shows signals attributable to the A%22% bond
at oc 138.4 and 129.4. Its *H NMR spectrum (Figure 63), we observe the presence of the signal
of the proton H-3 at on 3.51 in the form of a multiplet and that of the olefinic proton H-6
appearing at on 5.35 also in the form of a triplet. The presence of the signals of six methyls
were observed respectively at o4 1.03; 0.92; 0.83; 0.82; 0.80 and 0.71. All of these data
compared to those found in the literature confirm the structure below which is that of
stigmasterol (127).
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Figure 64 : 13C NMR spectrum (125 MHz, CDCls) of DMB31

11.2.1.5.5. Identification of DMG11 (f-sitosterol)

Compound DMG11 was isolated in the form of a white powder from the Hex/EtOAc
solvent system (19: 1). It gives a blue-green coloration to the Liebermann-Burchard test
characteristic of steroids. Its broadband proton decoupled 3C NMR spectrum is almost

superimposable to that of DMB31. Similarities are observed in the following characteristic

111



signals: the A>® double bond at éc 140.8 and 121.8, the C-3 oxymethine at Jc 71.8, as well as
the signals at dc 50.1; 56.7 and 56.0 corresponding to carbon C-9, C-14 and C-17 respectively.
The only difference lies in the absence of signals attributable to the A?>2% bond generally
between dc 138 and 128. Moreover, on its *H NMR spectrum (Figure 65), we observe the
presence of the proton signal. H-3 at o1 3.51 as a multiplet and that of the olefinic proton H-6
appearing at on 5.33 also as a multiplet. But also, the presence of the signals of six methyls
respectively at o 1.00; 0.91; 0.84; 0.81; 0.80 and 0.66. All of these data compared to those
found in the literature confirm the structure below which is that of S-sitosterol (128) (Nyigo et
al., 2016).
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Figure 65 : *H NMR (500 MHz, CDCls) spectrum of DMG11
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Figure 66 : 13C NMR (125 MHz, CDClzs) spectrum of DMG11

Table XXI1X : 'H NMR (500MHz, CDCls) and 3C NMR (125MHz, CDCls) Spectral data
of compounds DMB31 and DMG11

Position DMB31 (stigmasterol) DMG11 (B-sitosterol)
o BC 0 *H (mult., J en Hz) o 2C 0 *H (mult., J en Hz)

1 37.1 37.3

2 31.7 31.7

3 71.8 3.51 (1H, m) 71.8 3,53 (1H, m)
4 42.3 42.3

5 140.8 140.8

6 121.8 529 (t;6,1) 121.8 539 (t;6.4)
7 31.9 31.9

8 319 31.9

9 50.2 50.2

10 36.5 36.5

11 21.1 21.1

12 39.7 39.7

13 42.3 42.3

14 56.8 56.9

15 24.4 26.0

16 29.0 28.3

17 56.0 56.1

18 12.3 1.03 (s) 12.1 1.01 (s)
19 18.8 0.71 (s) 19.0 0.68 (s)
20 40.5 36.2

21 21.2 0.92(d; 6.2) 19.4 0.93 (d; 6.5)
22 138.4 34.0 4,99 (m)
23 129.3 26.0 5.14 (m)
24 45.8 45.8
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25 29.1 29.1

26 21.1 0.82 (d; 6.6) 21.1 0.83 (d; 6.4)
27 19.8 0.80 (d: 6.6) 19.4 0.81 (d; 6.4)
28 25.4 23.1

29 12.1 0.83 (t; 7.1) 12.3 0.84 (t; 7.2 Hz)

11.2.1.6. Phenolic compounds

11.2.1.6.1. Identification of DMG21 (1,7-dihydroxy-6-methylxanthone)

Compound DMG21 was isolated as a yellow crystal in the mixture of n-Hex/EtOAc (9:1).
A positive test with ferric chloride revealed its phenolic nature. The analysis of its HRESIMS
(Figure 68) showed in negative mode, the pseudo-molecular ion peak [M-H]" at m/z 241.0517
(calcd 241.0601, for C14H1004) from which the molecular formula C14H1004 was deduced,

containing ten degrees of unsaturation.

Intensé: DMG21(2).d: -MS, 0.7min #39
xX10° 4

1.25 [M-H]_—~ 241.0517

0.75 277.0285

153.0201

197.8086

o.oo ‘+t—srv—lbr—r—thr———1——_r——————yll—————————————
125 150 175 200 225 250 275 300 325 vz

Figure 67 : HR-ESI-MS of compound DMG21

Its broadband decoupled 3C NMR spectrum (Figure 70), displayed fourteen signals
attributable to the fourteen carbon atoms as shown in its molecular formula. Among these
signals, we note the presence of a signal at oc 182.0, corresponding to the conjugated carbonyl
of ketone and another at c 17.2, attributable to a non-oxygenated sp® carbon. Most data were
similar to those of 1,7-dihydroxyxanthone (Yang et al. 2001). The only difference was that of
H-6 where in the latter, was replaced by a methyl group in compound DMG21, which changed
the chemical shift of C-6 from dc 125.5 to dc 137.4. In addition, the *H NMR data of DMG21
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recorded in pyridine-ds were generally in agreement with those of the synthesised 1,7-
dihydroxy-6-methylxanthone in CDClIs (Pockrandt et al. 2012). Hence, the structure of DMG21
was elucidated as 1,7-dihydroxy- 6-methylxanthone (129) (Yang et al. 2001). This compound

is isolated for the first time from D. microcarpum.
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Figure 68 : 'H NMR spectrum (500 MHz, C5D5N) of DMG21
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Figure 70 : 13C NMR spectrum (125 MHz, CsDsN) of DMG21
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Table XXX : Comparative ‘H NMR (500 MHz, CsDsN) and *C NMR (125 MHz, CsDsN)
data of DMG21 with those of the literature.

Position DMG21 Pockrandt et al. 2012
oc (m) on (ppm) (mult., J en Hz) oc (m) on (ppm) (mult., Jen Hz)
1 162.1(s) - 160.9(s)
2 109.7(d) 6.87 (1H, d, 7.3) 109.5(d) 7.70 (1H, d, 8.0)
3 136.4(d) 7.56 (1H, dd, 8.2, 7.3) 136.8(d) 6.79 (1H, dd, 8.0, 7.4)
4 107.0(d) 6.96 (1H, d, 8.2) 106.6(d) 7.05(1H, d, 7.4)
4a 156.4(s) - 155.8(s)
5 119.5(d) 7.33 (1H, d, 0.9) 119.3(d) 7.48 (1H,d; 0.8)
6 137.4(s) - 136.9(s)
7 153.9(s) - 152.7(s)
8 107.2(d) 7.89 (1H, d; 0.9) 107.1(d) 8.05 (1H,d; 0.8)
8a 119.3(s) - 118.3(s)
9 182.0(s) - 181.3(s)
%9a 108.7(s) - 107.8(s)
10a 149.8(s) - 149.4(s)
6-Me 17.2(q) 2.48 (3H, s) 16.8(q) 2.42 (3H,s)
7-OH - 12.32 (1H, s) - 10.18 (1H, s)
1-OH - 13.33 (1H, s) - 12.75 (1H, brs)

11.2.1.6.2. Identification of DMf31 (methyl gallate)

Compound DMf31 was obtained as a white powder in the mixture of n-Hex/EtOAc (3:1).
Soluble in DMSO, it melts between 240 and 242 °C and responds positively to the ferric
chloride test by giving a violet coloration characteristic of phenolic hydroxyls. Its mass
spectrum in EI (Figure 75) showed the peak of the molecular ion [M*] at m/z 184, whose high-
resolution analysis ([M*] at m/z 184.0371) allowed it to be assigned the molecular formula
CsgHsOs containing 5 degrees of unsaturation. This high degree of unsaturation was in favor of
an aromatic structure. Its broad band decoupled *C NMR spectrum (Figure 77; Table 31)
exhibited six carbon signals instead of eight as it appeared in the molecular formula, suggesting
the presence of two isochrones carbons within this molecule. These signals were assigned to a
carbonyl ester at oc 166.3; two oxygenated sp? carbons at dc.145.6 and 138.4, two non-
oxygenated sp? carbon at dc 119.3 and 108.5 and a carbomethoxyl at dc 51.6.

The *H NMR spectrum (Figure 76; Table 31), showed:

- a three protons broad singlet at on 9.14 corresponding to hydroxyl protons,
- a signal of two isochronous aromatic protons at o 6.92 corresponding to protons H-2 and
H-6 of a 1, 3, 4, 5 tetrasubstituted aromatic nucleus,

- a three protons singlet at on 3.92 confirming the presence of a carbomethoxyl group.
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These data were compared to those described in the literature and allowed us to attribute
to compound DMf31 the structure (130) which is that of methyl gallate (Ma et al., 2005). This

compound has already been isolated from several plants.

#:1  fRErEf:2.5250A% ¥ 2-#:303)
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Figure 75 : Mass spectrum of DMf31
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Figure 77 : 13C NMR spectrum (125 MHz, DMSO) of DMf31
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Table XXXI : 'H NMR (DMSO; 500 MHz) and *C NMR (DMSO; 125 MHz) spectral
data of DMf31.

Position oninppm (nH, mJinHz) dJcinppm (m)

1 / 119.2 (s)
2 6.92 (1H, s) 108.4 (d)
6 6.92 (1H, s) 108.4 (d)
7 / 116.3 ()
7-OMe 3.92 (3H, s) 51.6 (q)
3-OH 9.14 (1H, s) large 145.5 (s)
4-OH 9.14 (1H, s) large 138.4 (s)
5-OH 9.14 (1H, s) large 145.5 (s)

11.2.1.6.3. Identification of DMf32 (luteolin)

Compound DMf32 was isolated as a white powder in the mixture of n-Hex/EtAcO (7:3)
and melts between 278 and 280 °C. Soluble in DMSO it gave a violet coloration with ferric
chloride characteristic of phenols. It reacted positively to the Shinoda test, characteristic of
flavonoids. The EI mass spectrum of DMf32 indicated the molecular ion peak [M*] at m/z 286.
The high-resolution analysis of this molecular ion peak ([M*] at m/z 286.0476 was in
accordance with the molecular formula C1sH1006 containing 11 degrees of unsaturation. This
high degree of unsaturation was in favor of a strongly aromatic structure. Its 3C NMR spectrum
(Figure 80; Table 32) revealed fifteen carbon signals, corresponding to the fifteen carbon atoms
appearing in the molecular formula. These signals included that of a carbonyl group at oc 181.7,
the rest being signals of sp2 carbons including several oxygenated carbons.

Its 'H NMR spectrum displayed:

- a one proton singlet at on 6.66 characteristic of the H-3 proton of the C ring of a flavone
type skeleton (Agrawal, 1989).

- An ABX system of three aromatic protons consisting of a doublet of doublet at 6n 7.41
(1H, dd, 8.0, 2.9Hz) with ortho and meta coupling, a doublet at o4 7.37 (1H, d, 2.9 Hz) with a
meta coupling and a further doublet at o+ 6.87 (1H, d, 8 Hz) with otho coupling, characteristic
of a1, 3, 4 trisubstituted B aromatic nucleus of a flavone type skeleton (Agrawal, 1989).

- A pair of one proton doublets at on 6.43 (1H, d, 2 Hz) and 6.17 (1H, d, 2 Hz) with ortho
coupling corresponding to protons H-6 and H-8 of the A ring of a flavone type skeleton.

At this stage of the discussion; it remained to locate the four hydroxyl groups on the
flavone skeleton. Three of them were located at position C-5 and C-7 of ring A and C-4’ of ring

B based on biogenetic considerations, while the last one was located at C-3' on ring B, due to
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the chemical shifts values of C-3' (dc 149.9) and C-4 '(dc 145.7), characteristic of those of two
aromatic carbons carrying hydroxyl groups in the ortho position (Agrawal, 1989). These data
were compared to those described in the literature and allowed us to assign to compound DMf32

the structure of luteolin (131). This compound has already been isolated from Dendranthema
morifolium (Lin et al., 2015).

1 [M]* : m/z 286

C15H1006

Figure 78 : Mass spectrum of DMf32
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Table XXXII : *H NMR (DMSO; 500 MHz) and *C NMR (DMSO; 125 MHz) data of
DMf32

positions  duin ppm (nH, m, J in Hz) dc in ppm (m)

1
2 - 164.2(s)
3 6.66(1H, s) 102.8(d)
4 - 181.7(s)
4a - 103.6(s)
6 6.17 (1H, d, 2 Hz) 98.8(d)
8 6.43 (1H, d, 2 Hz) 93.6(d)
8a / 157.2(s)
1’ / 121.8(s)
2 7.37 (1H, d, 2.9 Hz) 113.5(d)
5 6.87 (1H, d, 8 Hz) 115.9(d)
6 7.41 (1H, dd, 2.9, 8 Hz) 118.1(d)
5-OH 8.71 (1H, 5) 161.5(s)
7-OH 8.71 (1H, 5) 163.6(s)
3’-OH 8.90 (1H, s) 149.9(s)
4’-OH 9.10 (1H, s) 145.7(s)

11.2.1.6.4. Identification of DMf33 ((-)-epicatechin)

Compound DMf33 was obtained as a brown solid in the mixture of n-Hex/EtOAc (13:5)
and melts between 241-242 °C. It reacted positively both with ferric chloride (blue colour),
indicating its phenolic and flavonoid nature. Its molecular formula was determined as C1sH140¢
on the basis of NMR data and EI-MS which showed a molecular ion peak [M]* at m/z 290,
implying nine degrees of unsaturation. The UV spectrum of DMf33 showed an absorption band
at Amax 281 nm, suggesting a flavan skeleton (Agrawal, 1989). The broad band decoupled *C
NMR spectrum of compound DMf33 (Figure 83; Table 33) displayed fifteen carbon signals,
which were sorted by DEPT and HSQC spectra into seven quaternary carbon atoms, seven
methines and one methylene group at ¢ 28.5.

The *H NMR spectrum exhibited two meta-coupled aromatic protons at 6x 5.93 (1H, d, J
= 2.0 Hz, H-6) and, at on 5.90 (1H, d, J = 2.0 Hz, H-8) which were diagnostic for a C-5 and C-
7 oxygenated ring A of flavan-3-ol (Jang et al., 2009). This spectrum also exhibited signals for
an ABX spin system of aromatic protons at o4 6.76 (1H, d, J = 8.0 Hz), 6.79 (1H, dd, J = 2.0,
8.0 Hz), and 6.96 (1H, d, J = 2.0 Hz) assigned to trisubstituted B-ring. In addition to those
aromatics protons, the *H NMR spectrum exhibited four aliphatic protons at du 4.55 (1H, d, J
= 6.5 Hz, H-2), 3.96 (1H, m, H-3), 2.79 (1H, dd, J = 16.0, 5.5 Hz, H-4), and 2.84 (1H, dd, J =
16.0, 8.0 Hz, H-4). The fact that H-2 appeared as a broad doublet indicated that this unit had
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the 2,3 cis configurations (Ganapaty et al., 2008). Some significant HMBC correlations were
observed between H-6 (61 5.91) and C-8 (8¢ 95.4), C-10 (8¢ 100.9), C-5 (8¢ 157.9) and C-7 (6¢c
157.0), H-5' (61 6.83) and C-6' (6c 120.1), C-1' (8¢ 132.3), C-3’ (8¢ 146.2) and C-4' (&¢c 146.3),
and H-2 (dn 4.55) and C-4 (dc 28.6), C-3 (dc 68.9), C-2' (3¢ 116.1), C-1" (6¢ 132.3), C-6' (dc
120.1), and C-9 (8¢ 157.6). The comparison of this data with those published (Jang et al., 2009)
led to the identification of DMf33 as (-)-epicatechin (132) isolated for the first time from Rubus
parvifolius (Do et al., 1988).
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Figure 81 : Mass spectrum of DMf33

126



single_pulse i v SRR 3 E
DFILE DMF21-1.jdf

COMNT  single_pulse

DATIM  12-09-2013 20:31:10

OBNUC  1H

EXMOD  single_pulse.ex2

OBFRQ 500.16 MHz
OBSET 2.41 KHz

OBFIN 6.01 Hz

POINT 16384 |
FREQU 9384.38 He ‘
SCANS 8

ACQTM 1.7459 sec -

PD 5.0000 sec

PWI 6.25 usec

IRNUC  1H |
CTEMP 222¢ | - |
SLVNT  CD30D | o

EXREF 3,30 ppm i o “ |
BF = 0.12Hz £ = =

RGAIN 578 a6 | - =

1.01
. 1.00

0.83

H-2 H-3 H-4

0.54

Figure 82 : 'H NMR spectrum (500 MHz, DMSO) of DMf33

single pulse decoupled gated NOE

DFILE DMF21-2 jdf

COMNT  single pulse decoupled gated NOE |
DATIM 12-09-2013 20:37:27

OBNUC  13C

EXMOD  single_pulse_dec

OBFRQ 125.77 MHz

OBSET 7.87 KHz f

OBFIN 4.21 Hz |
POINT 32768 |
FREQU 39308.18 Hz [ |
SCANS 107 |

ACQTM 0.8336 sec

PD 2.0000 sec

PWI1 3.33 usec

IRNUC IH

CTEMP 227¢ |

SLVNT CD30OD

EXREF 49.00 ppm

BF 1.20 Hz

RGAIN 50 |

Cor Cc-2 Cc-3

C-3'

1 | 1 i 1k 1
P o 4 s = = e pd =
ZES g g 23 48 = Z EIEEEES @
ER 2 b s =5 24 = = e B2 =

Figure 83 : 13C NMR spectrum (125 MHz, DMSO) of DMf33

127



Table XXXI11 : 'H NMR (DMSO; 500 MHz) and 3C NMR (DMSO; 125 MHz) data of
DMf33

positions  duin ppm (nH, m, J in Hz) dc in ppm (m)
1 - -
2 4.55 (1H, d, 6.5 Hz) 82.8 (d)
3 3.96 (1H, q, 5,4; 6.5 et 12 Hz) 68.8 (d)
4 2.79 (1H, d, 5.4 Hz) 28.5 (1)
2.84 (1H, dd, 5.4et 12 Hz)
4a - 100.7 (s)
6 5.91 (1H, d, 2.5 Hz) 96.2 (d)
8 5.84 (1H, d, 2.5 Hz) 95.4 (d)
8a - 156.9 (s)
I - 132.5 (s)
2’ 6.83 (1H, d, 1.5 Hz) 115.2 (d)
5 6.76 (1H, d, 8.5 Hz) 116.0 (d)
6’ 6.70 (1H, dd, 1.5 et 8.5 Hz) 120.0 (d)
3-OH 4.45 (1H, s) 68.8 (d)
5-OH 8.70 (1H, s) 157.5 (s)
7-OH 8.73 (1H, s) 157.8 (s)
3’-OH 8.90 (1H, s) 146.2 (s)
4>-OH 9.10 (1H, s) 146.2 (s)

11.2.2. Chemical transformation

In the second aspect of our work, we undertook some chemical transformation to initiate
a structure-activity relationship study of compound DMG12.

This compound (Rhinocerotinoic acid) was not only isolated in appreciable amounts, but
it also exhibited antisalmonella activity. This reaction aimed to identify which of the carboxylic
acid (C-15) and ketone (C-7) functions was responsible of the antisalmonella activity. Thus, the
ketone function was reduced into alcohol using sodium borohydride NaBH4.

The chemical equation associated to this transformation is as follow:

1) NaBH,/EtOH a 95°
A

Y

Rhinocerotinoic acid 46%

The formation of the alcoholic derivative was confirmed by the disappearance of the
carbonyl signal at 6c 198.9 (C-7) on the *C NMR spectrum of the obtained compound and the
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appearance of an oxymethyne at oc 71.9 (Figure 90). Were also observed an additional
oxymethyne proton signal at on 3.68 (1H, t) on the 1H NMR spectrum (Figure 91).
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11.3. EVALUATION OF ANTISAMONELLA ACTIVITIES OF D.
MICROCARPUM

Following the bio guided process, extracts, fractions and some isolated compounds were

assayed in vitro and in vivo for their antisalmonella activity against three salmonella strains

namely, S. enteritidis (SE), S. typhi (ST) and S. tiphymurium (STm). The minimal inhibition

concentration (MIC) method was used.

11.3.1. In vitro antibacterial assays of crude extracts

Different extracts obtained were assayed for their antisalmonella activities against three

salmonella strains namely, Salmonella enteritidis (SE), Salmonella typhi (ST) and Salmonella

typhimurium (STm). The results obtained showed that each crude extract exhibited an activity

on at least one salmonella strain with a MIC at 1.95 pg/mL for root-bark and root-wood, and at

250 pg/mL for leaves, branches, fruits and seeds. The results obtained are shown in the table

below.

Table XXXIV : Antisalmonella activitiy of different extracts of D. microcarpum (MIC

pg/mL)

. Salmonella strains
Series | Codes | Plant organs SE ST STm
A DMA Seeds >500 250 >500
B DMB Fruits >500 250 >500
C DMC Branches 250 >500 31.25
D and E | DMD Leaves NA NA 250
F DMF Root-bark 250 3.90 1.95
G DMG Root-wood NA 7.81 1.95

NA: Not Active

11.3.2. Antibacterial assays of fractions

The different fractions were also tested for their antimicrobial activities. Only the ethyl

acetate fractions of the root-bark and root-wood showed activity on the three Salmonella strains

with a MIC at 250 pg/mL. The obtained results are presented in the table below.

131



Table XXXV : Antisalmonella tests of the different fractions of D. microcarpum (MIC

pg/mL)
Fractions Salmonella strains
ORGANS Solvents codes SE ST STm
n-hexane DMAL1 >500 >500 >500
CH.Cl DMA2 >500 >500 >500
Seeds EtOAC DMA3 >500 >500 >500
n-Butanol DMA4 >500 >500 >500
Water DMAS5 NT NT NT
n-hexane DMB1 >500 >500 >500
CH.Cl DMB2 >500 >500 >500
Fruits EtOAC DMB3 >500 >500 >500
n-Butanol DMB4 NT NT NT
Water DMB5 NT NT NT
n-hexane DMC1 >500 >500 >500
CH.Cl, DMC2 >500 >500 >500
Branches EtOAC DMC3 >500 >500 >500
n-Butanol DMC4 NT NT NT
Water DMC5 NT NT NT
n-hexane DMDE1 >500 >500 >500
CHCl, DMDE2 >500 >500 >500
Leaves EtOAC DMDE3 >500 >500 >500
n-Butanol DMDE4 NT NT NT
Water DMDE5 NT NT NT
n-hexane DMF1 >500 >500 >500
CH.Cl DMF2 >500 >500 >500
Root bark EtOAC DMF3 250 250 250
n-Butanol DMF4 NT NT NT
Water DMF5 NT NT NT
n-hexane DMG1 >500 >500 >500
CHCl, DMG2 >500 >500 >500
Root wood EtOAC DMG3 250 250 250
n-Butanol DMG4 NT NT NT
Water DMG5 NT NT NT

NT=Not Tested

11.3.3. Antibacterial assays of Compounds

Some of these compounds were tested for antimicrobial activities. Only three compounds
namely microcarposide, microcarpamide and rhinocerotinoic acid, showed activity on the three
Salmonella strains, with a MIC values of 62.50 and 31.25 xg/mL. The results are presented in
the table below.
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Table XXXVI : antibacterial tests of compounds (MIC pg/mL)

Salmonella strains
Parameters

Compounds
ST STM SE

MIC (ug/mL) | 62.5 | 31.25 | 31.25

Microcarposide

(114) MBC (ug/mL) | 125 | 625 | 625

MBC/MIC 2 2 2

MIC (ug/mL) | 625 | 625 | 625

Microcarpamide

(115) MBC (ug/mL) | 125 | 125 | 125

MBC/MIC 2 2 2

MIC (ug/mL) | 625 | 625 | 625

Rhinocerotinioc
acid MBC (ug/mL) 125 125 125
(117)

MBC/MIC 2 2 2

MIC (ug/mL) 0.5 0.5 1

Ciprofloxacine
(7 MBC (ug/mL) 2 2 4

MBC/MIC 4 4 4

11.3.4. Subacute toxicity test of root-bark extract

At the end of the in vitro tests, our extract showed good activity on three salmonella
strains namely S. typhi, S. enteritidis and S. typhimurium whose values of the minimum
inhibitory concentrations (MIC) were respectively at 250, 3.90 and 1.95 pg/mL.

In view of these interesting results, we first carried out the subacute toxicity test of our
extract. It appears that no dose has shown signs of toxicity. The results are shown in the table

below.
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Table XXXVII : results of subacute toxicity

Dm
Control Dm 150 mg/kg | Dm 300 mg/kg [ Dm 600 mg/kg Control
600 mg/kg
38.55+6.975 51.02+12.81 40.71+3.066 59.51+9.532 72.55+21.16 54.48+17.39
101.7+£10.94 98.21+5.44 113.5+6.86 126.6+15.73 150.9+20.52 109.8+7.28
327+40.59 315.6+44.11 273.7+27.56 358.3£14.5 403.7£21.39 250.3+14.45
541.12416.99 608.99+4.11 582.2645.45 586.52+6.10 584.79+12.36 | 552.44+11.78
12.4+3.63 14.33+2.59 14.00+2.56 13.6+3.07 14.86+2.73 16.1+2.01
1243+89.58 896.1+138 840.8+150.1 1062+47.8 1077+31.56 1106+34.28
92.6246.61 101.99+8.90 106.30+3.59 82.55+22.80 103.01+12.74 | 107.25+10.73
41.9949.81 46.21+3.50 52.47+1.05 39.5842.52 37.9245.26 42.7245.25
101.7+£10.94 107.8+4.61 114.1+4.98 109+7.47 94.77+14.99 108+7.07
291+25.95 252.5+41.56 257.2431.74 254.3+54.68 246.1+40.17 197.3+27.81
583.19+11.71 582.79+25.61 610.35£17.15 557.76+40.25 | 613.424+21.99 | 565.08+24.85
10.77+0.45 12.62+0.80 11.89+0.58 10.68+1.63 13.58+0.89 11.56+0.80
1207+56.24 964.7+134.51 1097+16.56 1115+16.56 1089+72.76 1089+22.56
79.94+5.09 77.985+10.96 109.76+7.94 101.48+5.40 107.064£9.60 | 82.576+12.70

11.3.5. In vivo test of hydroethanolic root-bark extract

The histological analysis of liver, of salmonella-infected animals, treated with the D.
microcarpum hydro-alcoholic root bark extract at the doses 75, 150 and 300 mg/kg.bw, is
illustrated in (Figure 86). The liver section of normal control revealed normal parenchyma in
which centrilobular vein, hepatocytes and sinusoids are well identified (Figure 86A) while some
sinusoids clarification was observed in the immunosuppressed control (Figure 86B). It appears
that typhoid fever provokes in liver section of salmonella control, some damages including
inflammation with leukocyte infiltration, hepatocyte cytolysis (Figure 86C) which disappeared
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in treated groups (Figures 86D, 86E, 86F and 86G). It emerges from this in vivo test that, all
the doses have shown a curative effect both the dose 75, 150 and 300 mg/kg.bw. However, we
note a correction of alterations (inflammation) caused by infection in the liver as shown the in
the figure 86E, 86F and 86G of diagram below. Which is close to the values of normal and

immunocompromised control.

Figure 86 : 1-central lobular vein, 2-hepatocytes, 3-leukocyte inflammation, 4-

hepatocytes cytolysis.

A-G: A:normal control, B: immunosuppressed control, C: Salmonella control, D: ciprofloxacin
control, E: rats treated with 75 mg / kg of extract, F: rats treated with 150 mg/kg of extract, G:
rats treated with 300 mg/kg of extract.

11.4 PRE-FORMULATION ASSAY

The objective of this work was, among other things, to develop a phytomedicine. The
evaluation of the activities of the extracts (evaluation of the antibacterial activities and of the
acute and subacute toxicity) having led to interesting results, it seemed judicious to us to attempt
a pre-formulation.

After carrying out the in vitro tests on the Salmonella strains, the results obtained showed
that the root bark of D. microcarpum was good candidates for the pre-formulation of a

phytomedicine. Thus, the acute and subacute toxicity tests was first performed as well as the in
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vivo tests. At the end of these tests, the extract showed no sign of toxicity, whereas the three
doses of extract used to treat the rats infected with salmonella showed good activity. To
optimize the use of our plant material, we have formulated our phytomedicine using the smallest
curative dose (75 mg/mL). The protocol used is that of Reagan-Show and collaborators, set up
in 2007, entitled “Dose translation from animal to human studies revisited”. The following

formula was used:

Formula for Dose Translation Based on BSA

HED (mg/ k Animal d mg/k —i al
= X
(mg/ kg) nimal dose (mg/kg) Human K

In the present case, animal dose is 75 mg/ mL. From the above formula, the Km factor are
constant and known. The animal Km vary from one animal to another according to the species
(Km of rat is 6 while the human Km is 37 for adult and 25 for child). Our phytodrug has been
pre-formulated as a syrup (Reagan-Shaw S et al., 2007), with the consumable doses evaluated
as follows. This operation has several steps :

1¢r step : Human effective dose calculation
HED = 75 x 6/ 35 = 12.857 mg/ kg.
2" step : Calculation of the daily dose for an adult
D =HED x 60 = 12.857 x 60 = 771.428 mg/ day
3th step : Preparation of simple syrup

The standard formula for a syrup saturated 6.7g of sugar for 3.3g of water. A total of 10g

of simple syrup. It is advisable to use demineralized or deionized water.
4% step : Determination of quantity of each ingredient
- Extract (active ingredient)

The daily dose is 771,428 mg for an adult. The normal concentration of the active
ingredient is 1.3mg/ mL. One teaspoon is 15mL; i.e. a concentration of 19.5 g/15 mL. For our
extract, we will have 771.428/3 = 257.1426;

(257.1426/ 19500) x 100 = 1.3179% = 1.3% of active ingredient per spoon.

- Conservator or stabilizer (Sodium benzoate)

It is advisable to vary the percentage of stabilizers in order to determine which stabilizes
the product over a long period. This percentage varies between 0.05 and 0.5%.

- For orange essence: The percentage is standard for essences and is 0.5%.
- for Aroma: The percentage is also standard for aromas and is 0.1%.

- Simple syrup:
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Its percentage is deducted from the percentages of the other ingredients:
% syrup = 100% - (% extract +% stabilizer +% orange essence +% flavor)
=100% - (1.3179% + 0.3% + 0.5% + 0.1%)
=97.8
So, in 100 mg of phytomedicine, we will have 97.8 mg of saturated simple syrup
(excipient), 1.3179 mg of crude extract (active principle), 0.3 mg of sodium benzoate
(preservative), 0.5 mg of orange oil (ingredient) and 0.1 mg of flavor (ingredient).
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GENERAL CONCLUSION
AND PROSPECTS

138



General conclusion

The aim of this work was to assess the antisalmonellosis activity involved in typhoid fever
of the hydro-ethanolic extracts and fractions of D. microcarpum and to chemically investigate
the active fractions. This plant was chosen because of its uses in traditional medicine and on
the basis of chemo-taxonomic data.

Bio-guided fractionation of the methanolic and the hydroethanolic extracts as well as the
purification of fractions of the different parts of this plant, using liquid chromatography
technics, led to the isolation of twenty-nine compounds of which nineteen have been fully
characterized. They belong to six classes of natural substances and were classified as follows:

e Three diterpenoids: one of the clerodane type known as (4aR,5S,6R,8aR)-5-
(carboxymethyl)-5,6,8a-trimethyl-3,4,4a,5,6,7,8,8a-octahydronaphthalene-1-carboxylic  acid
118 and two of the labdane type, including a new one to which the trivial name microcarpin
116 was assigned and another known as rhinocerotinoic acid 117,

e  One new cyanogenic derivative to which we assigned the name Microcarposide 114,

e  One new ceramide to which the trivial name microcarpamide 115 has been assigned,

e  One xanthone : 1,7-dihydroxy-6-methylxanthone 129,

e Two flavonoids: luteolin 131 and epicatechin 132,

e Five pentacyclic triterpenes: ursolic acid 123, alphitolic acid 121, betulinic acid 120,
3p,23p-dihydroxylup-20(29)-en-28-oic acid 122 and lupeol 119 all known,

e Five phytosterols: S-sitosterol 128 and its 3-O-f-D-glucopyranoside derivative 125,
stigmasterol 127 and its 3-O-S-D-glucopyranoside derivative 126 and the mixture of p-
sitosterol and stigmasterol 124,

e  One phenolic compound: methyl gallate 130.

The determination of the structures of all these compounds was made possible by an
analysis of their spectral data in particular, the *H and **C NMR one-and two-dimensional in
conjunction with mass spectrometry, appealing not only to the electronic impact but also to soft
ionization methods such as electrospray.

In the second part of this work, some of the structures such as, microcarposide,
microcarpine and (4aR,5S,6R,8aR)-5-(carboxymethyl)-5,6,8a-trimethyl-3,4,4a,5,6,7,8,8a-
octahydronaphthalene-1-carboxylic acid were recrystallized to record their crystallographic
data, in order to determine their absolute stereochemistry and to confirm their structures. In
addition, the ketone function in rhinocerotonoic acid was reduced by hemisynthesis and led to
the formation of a novel hydroxylated derivative of hemisynthesis. This reduction was
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performed in order to identify the chemical function responsible for antimicrobial activity
within the molecule.

Extracts, fractions and some isolated compounds were evaluated for their antimicrobial
activities on three salmonella strains, namely, S. typhi, S. enteritidis and S. typhimurium. The
results obtained showed that :

e The hydroethanolic extracts of the different parts of our plant exert an activity on at
least one strain of salmonella. The best activity was that of the root-bark and root-wood exerted
on S. typhimurium with a MIC value of 1.95 ug/mL. Extracts from the root bark were also
evaluated in vivo in infected rats with S. enteritidis. At the end of this curative test, we obtained
good results from the interpretation of histological sections of the different organs of the rats
used. Acute and subacute toxicity tests were also carried out and no toxicity signs or death were
recorded when the plant extract was administered. This is an indication that the oral lethal dose-
50 (LDso) of the hydroethanolic root-bark extract of D. microcarpum was greater than 5000
mg/kg and is non-toxic at very low doses.

o Following the bio-guided process, the fractions that were obtained from the active
extracts were evaluated for their antisamonella activities. Only the ethyl acetate fractions
showed an activity, with a MIC value of 250 xg/mL. This value indicates that we lost the activity
of our starting extracts during fractionation, an activity which could be due to the synergy of
the compounds contained in the crude extract.

e  Among the compounds isolated, some were tested for their antisalmonella activity. At
the end of this test, three compounds: microcarposide, rhinocerotinoic acid and microcarpamide
exhibited moderate antisalmonella activity in vitro against three strains namely S. typhi, S.
enteritidis and S. typhimurium with minimum inhibition concentration values (MIC) of 153.4,
76.7, and 76.7 uM, respectively.

The third part of our work concerned the pre-formulation of a phyto-drug. The results of
the in vitro and in vivo test on the same salmonella strains obtained, allowed us to perform a
pre-formulation in the form of a syrup, to be used for the treatment of typhoid.

In view of all these results, we could conclude that the many uses of D. microcarpum in
traditional medicine, would be due to the presence of terpenoids, in particular diterpenoids, a
class of secondary metabolites endowed with interesting antimicrobial activities.

Perspective of our work, we plan to:

e Explain the mechanisms of action of D. microcarpum’s diterpenes in relation to their

antimicrobial activities,
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Conduct a study of the stability, pharmacokinetics and dynamics of our preformulated
phyto-drug,

Standardize and perform clinical trials in order to formulate a phyto-drug,

Submit all other isolated compounds to biological activity tests,

Continue the structural elucidation of the five remaining compounds,

Continue structural modifications on microcarpine and (4aR, 5S, 6R, 8aR)-5-
(carboxymethyl)-5,6,8a-trimethyl-3,4,4a,5,6,7,8,8a-octahydronaphthalene-1-
carboxylic acidin order to initiate the study of the structure activity relationship,
Extend our investigations on other species of the genus Detarium such as D.

macrocarpum, D. senegalensis ...
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CHAPTER III:
EXPERIMENTAL PART
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I11.1. INSTRUMENTS AND GENERAL METHODS
Melting points were measured on a Buchii melting point apparatus. Optical rotations

were recorded on a Perkin-Elmer-241 MC Polarimeter. IR spectra were recorded on a Bruker
Fourier transform/infrared (ATR) spectrophotometer. Mass spectra (ESI-MS) were obtained
with a Thermo-Finnigan LCQ DECA mass spectrometer and HRESIMS spectra were measured
with a FTHRMS-Orbitrap (Thermo-Finnigan) mass spectrometer.

1D- and 2D- NMR spectra were recorded in deuterated solvents on either Bruker ARX

500 or AVANCE DMX 600 NMR spectrometers (proton at 500 MHz and carbon *3C at 125
MHz). All chemical shifts () were measured in parts per million (ppm) using a residual solvent
signal as secondary reference relatively to tetramethyl silane (TMS) as internal standard, while
coupling constants (J) are given in Hz. Solvents were distilled prior to their use. Analytical
grade solvents were used for LCMS.

Column chromatography (CC) was performed using Merck MN silica gel 60 M (0.04—

0.063 nm) and thin layer chromatography (TLC) was performed on aluminum silica gel 60 F2s4
(Merck) precoated plates (0.2 mm layer thickness). Spots were visualized on TLC either by UV
lamp (254 and 366 nm) or by heating after spraying with 20% H2SOj4 (v/v) solution. Diff erent
mixtures of n-hexane, EtOAc, CH2Cl, and MeOH were used as eluting solvents.

The antibacterial activity of compounds 1-5 was evaluated using the microdilution
method (Newton et al., 2002). The determination of minimal inhibitory concentrations (MICs)
and minimal bactericidal concentrations (MBCs) of these compounds were done using
Salmonella strains: S. typhi (ST), S. typhimirium (STM) and S. enteritidis (SE).

The minimum inhibitory concentration (MIC) of compounds 1-5 were determined through the
broth microdilution method in 96-well micro-titre plates. The 96-well plates were prepared by
dispensing into each well 50 4L of Mueller Hinton broth. The test substances were initially
prepared in DMSO in broth medium at 25mg/mL. A volume of 100 L of each test sample was
added into the first wells of the micro-titre plate. Serial two-fold dilutions of these test samples
were made and 50 L of inoculum standardized at 10® CFU/mI. The last wells (N°12) served
as sterility controls (contained broth only) or negative control (broth plus inoculum). This gave
final concentration ranges of 306.80-0.29 uM (for compound) and 386.30-0.37 uM (for
reference drug: Ciprofloxacin), respectively. The plates were incubated at 37°C for 24 h. The
MICs of the test compounds was detected following addition of 20 xL of rezasurin (a lamar
blue TM Cell Viability Reagent) solution. Viable bacteria reduced the yellow due to a pink
color. The MIC corresponded to the lowest well concentration where no color change was
observed, indicating no growth of microorganism. The MBC was determined by adding 50 L
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aliquots of the clear wells to 100 xL of freshly prepared both medium and incubating at 37°C
for 24h. The MBC was regarded as the lowest concentration of test sample which did not
produce a color change as above. All tests were performed in triplicates at two different

occasions.

111.2. EXPERIMENTAL
111.2.1. In vitro antisalmonella assays

The antibacterial activity of extracts, fractions and compounds was evaluated using the
microdilution method (Newton et al., 2002). The determination of minimal inhibitory
concentrations (MICs) and minimal bactericidal concentrations (MBCs) of these compounds
was done using Salmonella strains: S. typhi (ST), S. typhi mirium (STM) and S. enteritidis (SE)
(Supplemental material Table S3).
The minimum inhibitory concentration (MIC) of extracts, fractions and compounds were
determined through the broth microdilution method in 96-well micro-titre plates. The 96-well
plates were prepared by dispensing into each well 50 L of Mueller Hinton broth. The test
substances were initially prepared in DMSO in broth medium at 25mg/mL. A volume of 100
L of each test sample was added into the first wells of the micro-titre plate. Serial two-fold
dilutions of these test samples were made and 50 L of inoculum standardized at 10° CFU/ml.
The last wells (N°12) served as sterility controls (contained broth only) or negative control
(broth plus inoculum). This gave final concentration ranges of 306.80-0.29 M (for compound)
and 386.30-0.37 uM (for reference drug: Ciprofloxacin), respectively. The plates were
incubated at 37°C for 24 h. The MICs of the test compounds was detected following addition
of 20 uL of resazurin (a Lamar blue TM Cell Viability Reagent) solution. Viable bacteria
reduced the yellow due to a pink color. The MIC corresponded to the lowest well concentration
where no color change was observed, indicating no growth of microorganism. The MBC was
determined by adding 50 xL aliquots of the clear wells to 100 xL of freshly prepared both
medium and incubating at 37°C for 24h. The MBC was regarded as the lowest concentration of
test sample which did not produce a color change as above. All tests were performed in
triplicates at two different occasions.

111.2.2 In vivo antisalmonella assay

111.2.2.1 Animals and ethics
The animals used in this study comprised of Wistar albino rats (7-8 weeks and 150-

170 g) for antityphoid activity of the root back’s extract of D. microcarpum. These animals
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were bred in metabolic cage. They were housed in metabolic cage, fed with composed food
(Appendix 4) and provided with tap water for drinking ad libitum. A quantity of composed feed
(1 kg) was mixed with 500 ml of tap water. Small quantities of this mixture were rounded (ball-
shaped) and given undried to the animals.

This test was carried out using a Salmonella typhimurium-induced typhoid model in rat.
Only the hydroethanolic crude extract of the root barks was used in the treatment of infected
animals. Prior to the test, animals were housed under the test conditions for a period of one
week. The study was conducted with the approval of the Cameroon National Ethical Committee
(Ref n°. FW-IRB00001954).

111.2.2.2 Immunosuppression of animals

Animals were immunosuppressed two days before infection by the oral administration
of 30 mg/kg. of cyclophosphamide as previously described (Abhishek et al., 2008) with slight
modifications. Immunosuppression prevents the rapid intervention of the immune system in the

eradication of the disease condition.

111.2.2.3 Typhoid induction

A Salmonella typhimurium suspension was prepared at 0.5 Mc Farland turbidity scale
as above. One millilitre (1 ml) of this solution containing about 108 CFU was orally
administered to each animal (Havelaar et al., 2001). Only infected animals were selected on the

basis of their faecal colony counts and used.

111.2.2.4 Experimental animal groups
Animals were arranged into fourteen groups of three animals. Groups Mo, M1, M2, Mg,
Ma, Ms, and Me were males while groups Fo, F1, F2, F3, F4, Fs and Fs were females. The animals
were treated as follows:
e Groups Mo and Fo (which were neither infected nor treated, and used as neutral control;
they received distilled water).
e Groups M; and Fi1 (which were neither infected nor treated, and used as
immunosuppressed neutral control; they received also distilled water).
e Groups M2 and F2 (which were infected, but not treated) received distilled water during
the treatment period, hence were used as negative control groups;
e Groups M3z and Fs received ciprofloxacin, and thus were used as positive control groups.
e Graded doses (75, 150, and 300 mg/kg) of the hydro-alcoholic extract root bark of D.
microcarpum were administered to rats in groups Ms and F4, Ms and Fs, Ms and Fe,
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respectively, by gastric intubation for ten consecutive days for the suppressive test and
fourteen consecutive days for the curative test.
Food and water were given to the animals before and during the treatment ad libitum.
Treatment was done by administering the extracts orally, every morning. After one day, the
faecal matter was collected during the administration process. The collection of faecal
matter was possible as the animals were a bit stressed up by the administration of the test
substance, passing out the faeces spontaneous.

111.2.2.5 Assessment of stool bacterial density
The extent to which the animals complied with treatment was studied by counting the
number of bacterial colonies in the faecal samples using the following protocol.
> 0.10 g of faecal matter was completely dissolved in 5 ml of autoclaved distilled
water.
» 100 pl of the resulting solution was spread on the surface of solidified 0.9%
saline SS agar in 90 mm type Petri dishes.
» After incubation for 18 hrs at 37 °C, the number of colonies following growth of
Salmonella typhimurium in each Petri dish was counted and recorded.
» The results were converted into the number of colonies per gram of faecal matter per
animal.
The time course for the bacteria treatment was assessed from the number of colonies obtained
for each animal with time and this gave us an idea on how the animals were complying with
treatment using the extract and thus the duration of treatment using the optimum dose regimen
Each time a group was completely healed (faecal bacterial charge comparable to that of
the uninfected group M2 and F»), the animals were sacrificed and blood and organs were
collected for haematological, biochemical and histological analyses.

111.2.3. Toxicity profile

The animals used in this investigation were male and female Wistar Albino rats provided
by the animal house of the Faculty of Science of the University of Yaoundé | where they were
housed under standard conditions with 12 hours photoperiod and had free access to water and
food. The rats were 6-8 weeks old.

111.2.3.1 Sub-acute oral toxicity
The oral sub-acute toxicity of crude extract (Hydroethanolic root bark extract of D.
Microcarpum) was evaluated in Wistar Albino rats according to the procedure outlined by the

Organization for Economic Co-operation and Development (OECD) 425 protocol with some
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modifications. A total of sixty rats were divided into six groups, each containing five males and
five females. The test drug was administered at doses 150, 300 and 600 mg/kg to the test groups
once daily for a period of 28 days, whereas the control group received distilled water. Satellite
groups contained 10 males and 10 females and were administered the highest dose (600 mg/kg)
and control for 28 days and then observed for the next 2 weeks (14 days). The animals were
observed for mortality and signs of toxicity for a period of 28 days and 42 days. Individual body
weights of rats were taken initially and at every two days intervals till day 28 and 42. Diethyl
ether was used to anaesthetize the animals before blood samples were collected in EDTA tubes
and dry tubes from all the animals through decapitation on 29" and 43" day.

111.2.4. Plant material

The fruits of D. microcarpum were harvested in Gamba savanna (Mvina division,
Adamaoua region of Cameroon) on March 2017. Identification was done by M. NGANSOP
Eric, a Botanist of the Cameroon National Herbarium, Yaoundé, where a voucher specimen has

been deposited under the registration number HNC/57227.

111.2.4.1. Extraction, fractionation and isolation
111.2.4.1.1. Extraction

Air-dried powder of fruit, leaves, root-bark and bark of D. microcarpum were extracted
3times (3 x 10 L) by maceration at room temperature (about 25°C) with methanol and also with
the mixture of ethanol and water (7:3) for 48 h. After filtration, the resulting solutions were
concentrated under reduced pressure. The extraction results obtained are shown in the tables

below.

Table XI (cf. chap I1): Methanol extraction results of the different parts of D. microcarpum

Organes Codes Powder Mass Extraction
Mass (g) Extract (g) | percentage (%)
Fruits DMF 545 340 62.38
Leaves DML 400 116 29.00
Roots barks DMRDb 752 320 42.55
Roots DMR 1900 600 31.57
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Table Xll(cf. chap II): ethanol water extraction results of the different parts of D.

microcarpum

Extract .
Serie | Code | Organs Powder Mass dissolution Extraction
g Mass (g) | Extracts (g) solvent percentage (%)
A DMA | Seeds 154 25 MeOH 16,23
B DMB | Fruits 457 279 MeOH 61,05
C DMC | Branches | 185 96 MeOH 51,89
D |DpwmD | YO |10 49 MeOH — et| 5333
leaves H>O
E pme | Old 501 73 MeOH et )57
leaves H>O
F DMF | Bark 868 373 MeOH 42 .97
G DMG | Root 2400 832 MeOH 34,66

111.2.4.1.2. Fractionation

In parallel with the evaluation of the biological activities, we proceeded with the bio-
guided fractionation of these various extracts. The fractionation was carried out using different
solvents ranging from the least polar (hexane), to the more polar (water) via intermediate-polar
solvents (methylene chloride, ethyl acetate and n-butanol). Thus, after evaporation and
lyophilization, several crude extracts were obtained. The results of the fractionation obtained
are recorded in the table below.

For the methanol extracts only fruits extract was fractionated using successively n-hexane
(hex), dichloromethane (DCM), ethyl acetate (EA) and n-butanol (n-BuOH) through flash
chromatography over silica gel, to yield five fractions.

Table X111 (cf. chap I1): Fractionation results of the methanol extract of fruits.

Organs Solvants Fraction codes Masses extracts (g)
n-Hexane DMf1 15
Fruits CH.ClI, DMf2 19
AcOEt DMf3 30
n-Butanol DMf4 57

The different ethanol-water extracts were first submitted to antisalmonella test and then
fractionated using successively n-hexane (hex), dichloromethane (DCM), ethyl acetate (EA),
n-butanol (n-BuOH) and water through flash chromatography over silica gel, to yield five
fractions for each part. Thus, after evaporation and lyophilization, 35 crude extracts were
obtained. The results of the fractionation obtained are recorded in the table below.

148



Table 14: Fractionation results of the ethanol-water extract of different organs of D.

microcarpum

Organs Solvants Fraction codes | Masses extracts (g)

n-Hexane DMB1 15
CH2CI DMB2 17

Fruits EtOAc DMB3 22
n-Butanol DMB4 27
Water DMB5 168
n-Hexane DMF1 7
CH:Cl DMF2 9

bark EtOAC DMF3 10
n-Butanol DMF4 62
Water DMF5 97
Hexane DMG1 9
CH2CI DMG2 12

Root EtOAc DMG3 23
n-Butanol DMG4 135
Water DMG5 709

111.2.4.1.3. Isolation

a. Purification of fractions from methanol extract of fruit of D. microcarpum

a.1l. Column chromatography of dichloromethane fraction (DMf2)

The dichloromethane fraction was subjected to CC over silica gel (0.04-0.063 nm) using

n-hexane with a gradient of EtOAc. One hundred fractions of 100 mL each were collected and

combined according to their TLC profiles on pre-coated silica gel 60 F2s4 plates developed with

n-hexane/EtOAc mixture. The study of these subfractions led to the isolation of betulinic acid

(160 mg).
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Table XXXVIII : Chromatogram of fraction DMf2 from MeOH extract of fruit of D.

microcarpum

Eluent Fractions N° Observations Compounds
100 % n-hexane 1-20 Mixture of oily compounds and a white one | -
Hex- EtOAc (95 :05) | 21-30 Oily complex mixture -
Hex- EtOAc (85 :15) | 31-40 Mixture of about four compounds -
Hex- EtOAc (75 :25) | 41-50 Mixture of about 3 compounds DM{f21 (160 mg)
Hex- EtOAc (65 :35) | 51-60 Mixture of about 3 compounds -
Hex- EtOAc (50 :50) | 61-70 Complex mixture of about 3 compounds -
Hex- EtOAc (40 :60) | 71-80 Mixture of about 5 compounds -
Hex- EtOAc (25 :75) | 81-95 Mixture of about 3 compounds -
100 % EtOAc 96-100 Complex mixture -

a.2. Column chromatography of ethyl acetate fraction (DMf3)

The ethyl acetate fraction was subjected to CC using the same silica (0.04-0.063 nm)

and eluted with n-hexane/EtOAc gradient of increasing polarity. One hundred and ten fractions

of 100 mL each were collected and combined according to their TLC profiles on pre-coated

silica gel 60 Fzs4 plates developed with n-hexane/EtOAc. The study of these subfractions led to

the isolation of methyl gallate (9 mg), luteoline (7 mg) and epicatechin (12 mg).

Table XXXIX: Chromatogram of fraction DMf3 from MeOH extract of fruit of D.

microcarpum

Eluent Fractions N° Observations Compounds
Hex- EtOAc (95 :05) | 1-15 Mixture of about 4 compounds -
Hex- EtOAc (90 :10) | 16-30 Mixture of about 3 compounds -
Hex- EtOAc (80 :20) | 31-40 Mixture of about 5 compounds -
Hex- EtOAc (75 :25) | 41-50 Mixture of about 4 compounds DMf31 (9 mg)
Hex- EtOAc (70 :30) | 51-60 Mixture of about 3 compounds DMf 32 (7 mg)
Hex- EtOAc (65 :35) | 61-70 Mixture of about 6 compounds DMf 33 (12 mg)
Hex- EtOAc (50 :50) | 71-80 Mixture of about 7 compounds -
Hex- EtOAc (25 :75) | 81-95 Mixture of about 4 compounds -
100 % EtOAc 96-110 Complex mixture -
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a.3. Column chromatography of n-butanol fraction (DMf4)

The n-butanol fraction was also subjected to successive CC over silica gel (0.04-0.063

nm) eluting successively with n-hexane/EtOAc, and EtOAc/MeOH gradients. One hundred and

thirty fractions, each containing 100 mL, were collected and combined according to their TLC

profiles on pre-coated silica gel 60 F2s4 plates developed with n-hexane/EtOAc. The study of

this subfraction led to the isolation of lupeol (14 mg), p-sitosterol glucoside (10 mg) and

microcarposide (15 mg).

Table XL : Chromatogram of fraction DMf4 from MeOH extract of fruit of D.

microcarpum

Eluent

Fractions N°

Observations

Compounds

100 % n-hexane

1-20

Mixture of oily compounds and a white one

Hex- EtOAc (95 :05) | 21-30 Oily complex mixture -
Hex- EtOAc (85 :15) | 31-40 Mixture of about 3 compounds -
Hex- EtOAc (75 :25) | 41-50 Mixture of about 4 compounds DMf41 (14 mg)
Hex- EtOAc (65 :35) | 51-60 Mixture of about 4 compounds -
Hex- EtOAc (50 :50) | 61-70 Complex mixture of about 5 compounds -
Hex- EtOAc (40 :60) | 71-80 Mixture of about 6 compounds -
Hex- EtOAc (25 :75) | 81-90 Mixture of about 4 compounds DMf 42 (10 mg)
100 % EtOAc 91-100 Complex mixture of about 5 compounds -
EtOAc-MeOH (95 :05) | 101-115 Complex mixture of about 5 compounds DMf 43 (15 mg)
EtOAc-MeOH (95 :05) | 116-130 Complex mixture -

b. Purification of fractions from hydroethanolic extract of fruit of D. microcarpum

b.1. Column chromatography of hexane fraction (DMB1)

The n-hexane fraction was subjected to CC over silica gel (0.04-0.063 nm) eluting with

a n-hexane/AcOEt mixture of increasing polarity. A total of one hundred and five fractions of

100 mL each were collected and combined according to their TLC profiles on pre-coated silica

gel 60 F2s4 plates developed with n-hexane/EtOAc systems to afford nine main subfractions.

The study of these fractions led to the isolation of g-sitosterol (70 mg) and the rhinocerotonoic

acid (27 mg).
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Table XLI : Chromatogram of fraction DMB1 from hydroethanolic extract of fruit of D.

microcarpum

Eluent Fractions N° Observations Compounds
100 % n-hexane 1-20 Mixture of oily compounds and a white | -
one
Hex- EtOAc (95 :05) | 21-30 Oily complex mixture DMB11 (70 mg)
Hex- EtOAc (85 :15) | 31-40 Mixture of about four compounds -
Hex- EtOAc (75 :25) | 41-50 Mixture of about 3 compounds -
Hex- EtOAc (65 :35) | 51-60 Mixture of about 3 compounds DMB12 (27 mg)
Hex- EtOAc (50 :50) | 61-70 Complex mixture of about 3 compounds | -
Hex- EtOAc (40 :60) | 71-80 Mixture of about 5 compounds -
Hex- EtOAc (25 :75) | 81-95 Mixture of about 3 compounds -
100 % EtOAc 96-105 Complex mixture -

b.2. Column chromatography of dichloromethane fraction (DMB2)

The dichloromethane fraction was also subjected to successive CC using silica gel (0.04-
0.063 nm) and eluted with a mixture of n-hexane and EtOAc (1:9-100% EtOAc) to afford

rhinocerotonoic acid (16 mg),

octahydronaphtalene-1-carboxylic acid (170 mg) and DMB23 (11 mg).

5-(carboxymethyl)-5,6,8a-trimethyl-3,4,4a,5,6,7,8,8a-

Table XLII : Chromatogram of fraction DMB2 from MeOH extract of fruit of D.

microcarpum

Eluent Fractions N° Observations Compounds
Hex- EtOAc (95 :05) | 1-15 Mixture of about 4 compounds -
Hex- EtOAc (90 :10) | 16-30 Mixture of about 3 compounds -
Hex- EtOAc (80 :20) | 31-40 Mixture of about 5 compounds -
Hex- EtOAc (75 :25) | 41-50 Mixture of about 4 compounds -
Hex- EtOAc (70 :30) | 51-60 Mixture of about 3 compounds DMB21 (16 mg)
Hex- EtOAc (65 :35) | 61-70 Mixture of about 6 compounds -
Hex- EtOAc (50 :50) | 71-80 Mixture of about 7 compounds DMB22 (170 mg)
Hex- EtOAc (25 :75) | 81-95 Mixture of about 4 compounds -
100 % EtOAc 96-114 Complex mixture DMB23 (11 mg)
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b.3. Column chromatography of ethylacetate fraction (DMB3)

The ethylacetate fraction was also chromatographed over silica gel (0.04-0.063 nm) and

eluted with n-hexane/EtOAc (3:7 to 100%) to give stigmasterol (9 mg), lupeol (4 mg), and -

sitosterol glucoside (20 mg).

Table XLIII: Chromatogram of fraction DMB3 from MeOH extract of fruit of D.

microcarpum

Eluent

Fractions N°

Observations

Compounds

100 % n-hexane

1-17

Mixture of oily compounds and a white one

Hex- EtOAc (95 :05) | 18-30 Oily complex mixture -

Hex- EtOAc (85 :15) | 31-40 Mixture of about 3 compounds DMB31 (9 mg)
Hex- EtOAc (75 :25) | 41-50 Mixture of about 4 compounds DMB32 (4 mg)
Hex- EtOAc (65 :35) | 51-60 Mixture of about 4 compounds -

Hex- EtOAc (50 :50) | 61-70 Complex mixture of about 5 compounds -

Hex- EtOAc (40 :60) | 71-80 Mixture of about 6 compounds DMB33 (20 mg)
Hex- EtOAc (25 :75) | 81-90 Mixture of about 4 compounds -

100 % EtOAc 91-100 Complex mixture of about 5 compounds -

c. Purification of fractions from hydroethanolic extract of root-bark of D.

microcarpum

c.1. Column chromatography of hexane fraction (DMF1)

The n-hexane fraction was subjected to successive CC over silica gel (0.04-0.063 nm)

eluting with a mixture of n-hexane and AcOEt of increasing polarity to yield g-sitosterol and

stigmasterol mixture (15 mg) and DMF12 (7 mg).

Table XLIV : Chromatogram of fraction DMF1 from hydroethanolic extract of fruit of

D. microcarpum

Eluent Fractions N° Observations Compounds
100 % n-hexane 1-15 Mixture of oily compounds and a white one | -
Hex- EtOAc (95 :05) | 16-30 Oily complex mixture DMF11 (15 mg)
Hex- EtOAc (85 :15) | 31-40 Mixture of about four compounds -
Hex- EtOAc (75 :25) | 41-50 Mixture of about 3 compounds -
Hex- EtOAc (65 :35) | 51-60 Mixture of about 3 compounds -
Hex- EtOAc (50 :50) | 61-70 Complex mixture of about 3 compounds DMF12 (7 mg)
Hex- EtOAc (40 :60) | 71-80 Mixture of about 5 compounds -
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Hex- EtOAc (25

:75)

81-93

Mixture of about 3 compounds

100 % EtOAC

94-115

Complex mixture

c.2. Column chromatography of dichloromethane fraction (DMF2)

The dichloromethane fraction was subjected to successive CC using silica gel (0.04-

0.063 nm) and eluting with a mixture of n-hexane and EtOAc (1:9-100%) to give g-sitosterol

and stigmasterol mixture (8 mg), betulinic acid (20 mg) and Lup-20(29)-en-28-oic acid,
3,23-dohydroxy-, (30, 24a).

Table XLV : Chromatogram of fraction DMF2 from MeOH extract of fruit of D.

microcarpum

Eluent Fractions N° Observations Compounds
Hex- EtOAc (95 :05) | 1-10 Mixture of about 4 compounds -
Hex- EtOAc (90 :10) | 11-25 Mixture of about 3 compounds DMF21 (8 mg)
Hex- EtOAc (80 :20) | 26-40 Mixture of about 5 compounds -
Hex- EtOAc (75 :25) | 41-50 Mixture of about 4 compounds -
Hex- EtOAc (70 :30) | 51-60 Mixture of about 3 compounds DMF22 (20 mg)
Hex- EtOAc (65 :35) | 61-70 Mixture of about 6 compounds -
Hex- EtOAc (50 :50) | 71-80 Mixture of about 7 compounds DMF23 (17 mg)
Hex- EtOAc (25 :75) | 80-98 Mixture of about 4 compounds -
100 % EtOAc 99-107 Complex mixture

c.3. Column chromatography of ethyl acetate fraction (DMF3)

The ethyl acetate fraction was also chromatographed and eluted with a mixture of n-

hexane and EtOAc of increasing polarity (3:7-100%) to yield betulinic acid (7 mg), ursolic
acid (125 mg), and alphitolic acid (28 mg).

Table XLVI : Chromatogram of fraction DMF3 from MeOH extract of fruit of D.

microcarpum

Eluent

Fractions N°

Observations

Compounds

100 % n-hexane

1-20

Mixture of oily compounds and a white one

Hex- EtOAc (95 :05) | 21-30 Oily complex mixture -
Hex- EtOAc (85 :15) | 31-40 Mixture of about 3 compounds -
Hex- EtOAc (75 :25) | 41-50 Mixture of about 4 compounds DMF31 (7 mg)
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Hex- EtOAc (65 :35) | 51-60 Mixture of about 4 compounds DMF32 (125 mg)
Hex- EtOAc (50 :50) | 61-70 Complex mixture of about 5 compounds DMF33 (28 mg)
Hex- EtOAc (40 :60) | 71-80 Mixture of about 6 compounds -

Hex- EtOAc (25 :75) | 81-90 Mixture of about 4 compounds -

100 % EtOAc 91-100 Complex mixture of about 5 compounds -

d. Purification of fractions from hydroethanolic extract of root of D. microcarpum

d.1. Column chromatography of hexane fraction (DMG1)

The n-hexane fraction was subjected to CC over silica gel (0.04-0.063 nm) eluting with
n-hexane, n-hexane/ EtOAc and EtOAc. One hundred fractions of 100 mL each were collected
and combined on the basis of their TLC profiles to afford nine subfractions. The study of these
subfractions led to the isolation of g-sitosterol (6 mg) and the rhinocerotonoic acid (14 mg).

Table XLVII : Chromatogram of fraction DMG1 from hydroethanolic extract of fruit of

D. microcarpum

Eluent Fractions N° Observations Compounds
100 % n-hexane 1-14 Mixture of oily compounds and a white one | -
Hex- EtOAc (95 :05) | 15-30 Oily complex mixture DMG11 (6 mg)
Hex- EtOAc (85 :15) | 31-40 Mixture of about four compounds -
Hex- EtOAc (75 :25) | 41-50 Mixture of about 3 compounds -
Hex- EtOAc (65 :35) | 51-60 Mixture of about 3 compounds DMG12 (14 mg)
Hex- EtOAc (50 :50) | 61-70 Complex mixture of about 3 compounds -
Hex- EtOAc (40 :60) | 71-80 Mixture of about 5 compounds -
Hex- EtOAc (25 :75) | 81-95 Mixture of about 3 compounds -
100 % EtOAc 96-100 Complex mixture -

d.2. Column chromatography of dichloromethane fraction (DMG2)

The dichloromethane fraction followed similar separation and purification methods to
provide 1,7-dihydroxy-6-methylxanthone (8mg), 5-(carboxymethyl)-5,6,8a-trimethyl-
3,4,4a,5,6,7,8,8a-octahydronaphtalene-1-carboxylic acid (10 mg) and detarine (5 mg).
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Table XLVIII : Chromatogram of fraction DMG2 from MeOH extract of fruit of D.

microcarpum

Eluent

Fractions N°

Observations

Compounds

Hex- EtOAc (95

:05)

1-15

Mixture of about 4 compounds

Hex- EtOAc (90 :10) | 16-30 Mixture of about 3 compounds DMG21 (8 mg)
Hex- EtOAc (80 :20) | 31-40 Mixture of about 5 compounds -

Hex- EtOAc (75 :25) | 41-50 Mixture of about 4 compounds DMG22 (10 mg)
Hex- EtOAc (70 :30) | 51-60 Mixture of about 3 compounds DMG23 (5 mg)
Hex- EtOAc (65 :35) | 61-70 Mixture of about 6 compounds -

Hex- EtOAc (50 :50) | 71-80 Mixture of about 7 compounds -

Hex- EtOAc (25 :75) | 81-95 Mixture of about 4 compounds -

100 % EtOAc 96-110 Complex mixture -

d.3. Column chromatography of ethyl acetate fraction (DMG3)

The ethyl acetate fraction was also chromatographed and eluted with the n-hexane and

ethyl acetate mixture to give microcarpamide (13 mg) and stigmasterol glucoside (35 mg).

Table XLIX : Chromatogram of fraction DMG3 from MeOH extract of fruit of D.

microcarpum

Eluent

Fractions N°

Observations

Compounds

100 % n-hexane

1-20

Mixture of oily compounds and a white one

Hex- EtOAc (90 :10) | 21-30 Oily complex mixture DMG31 (6 mg)
Hex- EtOAc (85 :15) | 31-40 Mixture of about 3 compounds DMG32 (7 mg)
Hex- EtOAc (75 :25) | 41-50 Mixture of about 4 compounds -

Hex- EtOAc (65 :35) | 51-60 Mixture of about 4 compounds -

Hex- EtOAc (50 :50) | 61-70 Complex mixture of about 5 compounds -

Hex- EtOAc (40 :60) | 71-80 Mixture of about 6 compounds DMG33 (35 mg)
Hex- EtOAc (25 :75) | 81-90 Mixture of about 4 compounds -

100 % EtOAc 91-100 Complex mixture of about 5 compounds -
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111.3 PHYSICO-CHEMICAL CHARACTERISTICS OF COMPOUNDS
111.3.1 Physico-chemical characteristics of compounds isolated from fruits

Compound DMf43: Microcarposide, 3-methyl-2-[f-L-rhamnopyranoside-1(1—6)-f-D-
glucopyranosyl] butanenitrile (114): white crystals; [a]ss?® = —99 (¢ =0.5, DMSO); IR
(KBr) vmax cm™ : 3200-3500(0H), 1618(NH-C=0), m/z 408.1865 (calcd 408.1864 for
C17H30NO1o* [M+H]*), *H NMR (500 MHz, DMSO): and *C NMR (125 MHz, DMSO)
NMR data see Table 17.

Compound DMf42=DMB33: p-sitosterol-3-O-g-D-glucopyranoside (125): Colourless
crystals; m. p. 260-261 °C; HRESI-MS m/z int (%) 414 (5), 396 (63), 381 (24), 255 (77), 159
(39), 81 (99), 55 (100), *H NMR (500 MHz, Pyridine-ds) and *C (125 MHz, Pyridine-ds) NMR
data: see Table 28.

Compound DMf33: (-)-Epicatechin (132): Brown solid; m. p. 241-242 °C; [o]®*p -68.01 (c
0.24, MeOH); IR vmax 3407, 1627, 1532, 1470, 1290, 1244, 1183, 1148, 1079, 1031, 819 cm-1
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- UV (MeOH) Amax 281; EI-MS mi/z (rel. int.: %) 290 [M]* (29), 272 (40), 255 (9), 163 (18),
154 (60), 139 (100), 137 (70), 123 (63) and 110 (60). 'H NMR (DMSO, 500 MHz) and 1*C
NMR (DMSO, 125 MHz): see table 32.

Compound DMf32: Luteolin (131): white powder; EI, [M*] at m/z 286.0476 (calcd 286.0477)
for C1sH1006; *H NMR (DMSO, 500 MHz) and *C NMR (DMSO, 125 MHz): see table 32.

Compound DMf31: Methyl gallate (130): white powder; m. p. 240-242 °C; EI, [M*] at m/z
184.0371 for CgHgOs, 'H NMR (DMSO, 500 MHz) and *C NMR (DMSO, 125 MHz): see
table 31.

Compound DMB12=DMB21=DMG12: Rhinocerotinoic acid (7-oxo-labda-8-13E-dien-15-
oic acid) (118): white crystal, mp. 187-189 °C, [a]o*® +38.9° (¢ 0.236, CHCI3). (+) HRESI-
MS [M+Na]* at m/z 341.2108. *H NMR (DMSO, 500 MHz) and *C NMR (DMSO, 125 MHz)
see table 21 (Rijo, 2011).
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Compound DMB32=DMf41: Lupeol (119): white powder; HRESIMS, m/z 426.3045 for
C30Hs00; *H NMR (CDCl3, 500 MHz) and *C NMR (CDCl3, 125 MHz): see table 23 (Teixeira
et al., 2017).

HO

Compound DMB31: Stigmasterol (127): Colorless needles; m. p. 137-138 °C; HRESI-MS
[M+H]* m/z 412.3452 for CagHs0; *H NMR (CDCls, 500 MHz) and *C (CDCls, 125 MHz)
NMR data: see Table 29.

111.3.2 Physico-chemical characteristics of compounds isolated from root bark.

Compound DMF31=DMf21=DMF22: Betulinic acid (120): white powder; m.p 297 °C;
HRESIMS: m/z 457.3721 for C3oHsg03; UV: 206 nm; IR (KBr): 3473, 3063, 2953, 2887, 2712,
1682, 1643, 1457, 1375, 1221, 1194, 1106, 1035, 980, 876, 871, 789 cm™'; *H NMR (CDCls,
500 MHz) and **C NMR (CDCls, 125 MHz): see table 24 (Siddiqui et al., 1988).
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Compound DMF33: Alphitolic acid (121): white powder; HR-EIMS: [M]" at m/z: 472.3; 'H
NMR (CDClIs, 500 MHz) and *3C NMR (CDCls, 125 MHz): see table 25

Compound DMF23: 3a,23a-Dihydroxylup-20(29)-en-28-oic acid (123): white, amorphous
powder; m. p. 199—200 °C; [a]**b —35.0 (¢ 0.2, CHCI3); IR (KBr) vmax 3500, 3070, 2942, 1699,
1635 cm™! ; HRESIMS m/z 472.3545 (calcd for CaoHagO4, 472.3552); 'H (CsHsN, 500 MHz)
and 3C (CsHsN, 125 MHz) NMR data, see Table 27.

Compound DMF32: Ursolic acid (122): white powder; m. p. 197 °C; HRESI-MS [M+H]" at
m/z 457.3731 for C3oH4g03; UV: 210 nm; IR (KBr): vmax 3435, 3243, 3019, 2827, 2679, 2542,
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1643, 1621, 1600, 1528, 1380, 1347, 1304, 1293, 1216, 963, 898, 843 cm'; *H NMR (CDCls,
500 MHz) and **C NMR (CDCls, 125 MHz) : see table 26 (Galgon et al., 1999).

Compound DMF21: Mixture of stigmasterol and B-sitosterol (124): white needles, m. p. 123-
124 °C

111.3.3 Physico-chemical characteristics of compounds isolated from root wood.

T
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HO H
Compound DMG31=DMG32: Microcarpamide, (2s*, 2'R*, 3s*, 4R*)-N-[2"-
hydroxyhexadecanoyl]-2-amino-hexacosane-1,3,4-triol (115): white crystals, mp 133 °C;
[0]0* +27 (c =0.11, pyridine); IR (KBr) vmax cm™: 3419(-OH), 2934(-Csps-H), 2201(-C=N),
1422-812(-Csp3-0), 665-417(-Cspz-H); m/z 712.6819 (calcd 712.6814 for CasHooNOs™ [M+H]*
), tHNMR (500 MHz, pyridine-ds): and 3C NMR (125 MHz, pyridine-ds) NMR data see Table
19.

Compound DMG23: Microcarpin, (3S,5S, 8R, 9R, 10S)-8-methyl-tetranorlabdane-3, 9, 12-
triol (116): white crystals; [a]p?®® = + 20.5 (¢ =1.00, MeOH-CHCIs); m/z 305.1901 (calcd
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305.1889 for C16H3003CI" [M+CI]), *H NMR (500 MHz, pyridine-ds) and 3C NMR (125 MHz,
pyridine-ds) NMR data see Table 20.

Compound DMG22=DMB22: 1-naphtbalene acetic-5-carboxy-1,2,3,4,4a, 7,8,8a-
octahydro-1,2,4a-trimethyl acid (118): white crystals; m/z 279.1010, *H NMR (500 MHz,
pyridine-ds) and *C NMR (125 MHz, pyridine-ds) NMR data see Table 22.

OH O
Compound DMG21: 1,7-dihydroxy-6-methylxanthone (129): Yellowish cluster crystal; uvV
(MeOH) Amax Nm: 256.9, 288.9, 383.1; HRESIMS: m/z 241.0517, [M—H] (Calcd 241.0506 for
C14H904,). H (500 MHz, CsDsN) and *C (125 MHz, CsDsN) NMR data: see table 30.

Compound DMG33: Stigmasterol-3-O-f-D-glucoside (126): white crystals; m p 274-276 °C;
HR-EIMS m/z: 574,42334, C35Hss06 [M]* RMN *H NMR (500 MHz, Pyridine-ds) and $3C (125
MHz, Pyridine-ds) NMR data: see Table 28.
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Compound DMG11=DMB11: g-Sitosterol (128): White powder; mp: 134- 135°C; MS (m/z):
414(M+), 396, 339, 325, 310, 298, 257, 227, 140, 139, 125, 97, 71, 57.*H NMR (CDClIs, 500
MH?z) and 3C (CDCls, 125 MHz) NMR data: see Table 29.

111.4. CHEMICAL TRANSFORMATIONS AND PRE-FORMULATION
OF PHYTO-DRUG.

111.4.1. Methanolysis of microcarpamide DMG32

Microcarpamide DMG32 (1mg) was added to a mixture of HCI (1 ml, 5%) and MeOH (1
ml), and heated at 70 °C for 12 h in a sealed small-volume vial. The reaction mixture was
extracted with CH2Cl, and the obtained CH2Cl: layer was concentrated to give Long-Chain-
Base (LCB) of sphingosine moiety for LC-MS analysis.

111.4.2. Reduction reaction on Rhinocerotinoic acid DMG12

In a well dried 250 mL ground flask, compound DMG12 (25 mg)(7.86x10~> mol) was
added to 25 mL of ethanol (95°). The mixture was heated slowly until the compound dissolved.
After cooling the medium at room temperature, 400 mg (0.01 mol) of powdered sodium
tetrahydruroborate (NaBH4) was added and the solution was stirred at room temperature for 10
minutes.
a-Hydrolysis

For hydrolysis, 30 mL of distilled water were added to the reactional medium then
refluxed for 5 minutes.
b-Isolation of product

The medium was cooled adding ice-cold distilled water (60 mL) to the flask then the
content was poured into a cleaned beaker. After crystallization and filtration, the crystals were

obtained and dried in an oven at 90°C.
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111.4.3. Protocol of pre-formulation of phytomedicine from hydroethanolic root-
bark extract
- Preparation of simple syrup
Introduce the previously weighed sugar powder into an conical flask with sufficient
volume and then add a necessary and sufficient quantity of demineralized water. Heat the
mixture to 50°C while stirring for about an hour, until a clear and homogeneous solution is
obtained: this is simple syrup.
- Preparation of the phytomedicine
Let the simple syrup cool then weigh it and deduce the mass of the active ingredient to be
added to it, knowing that 1.3179% of extract corresponds to 97.782% of simple syrup. Introduce
a mass of active ingredient, previously weighed, into the simple syrup contained in a flask. Let
the active ingredient dissolve until a limpid and homogeneous solution is obtained.
Successively and gradually added the aroma, stabilizer and orange essence. The phytomedicine
thus prepared is left to stand for 1 hour from time and finally bottled.

111.5. CHARACTERISTIC ANALYTICAL TESTS
111.5.1. Cyanogenic derivative test

Objective: Identification of cyanide function.

Reagents: Distilled water, picric acid
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To 15 ml of distilled water we have added 2 g of the powder and then capped
immediately and left to macerate for 1 hour. The neck of the conical flask is covered with paper
soaked with picric acid and heated for a few minutes. The appearance of a brown color indicates
the release of HCN.

111.5.2. Molisch’s Test
Objective: Identification of sugars.
Reagents: EtOH, a-naphthol, concentrated H2SO4

To the sample to be analyzed, we have introduced into a test tube and dissolved in a
solution of 1% ethanol in a-naphthol. A few drops of concentrated H.SO4 are added, letting it
flow down the side of the tube. The appearance of a purple-red ring at the interface, between
the liquids indicates the presence of a sugar or sugars.

111.5.3. Liebermann-Burchard test: identification of terpenes and sterols.
Objective: Identification of triterpenes and sterols.
Reagents: CHCIs, Ac20, concentrated H.SO4 (50 mL/20 mL/1 mL).

To a CHCIs solution of the sample to be analyzed, we have added a few drops of acetic
anhydride, followed by concentrated H.SO4. The presence of triterpenes and their saponins is
indicated by a change of color from brick red, through purple, then blue and finally to green.

Sterols give a blue color that rapidly changes to green.

111.5.4. Ferric Chloride Test
Objective: Identification of phenols.
Reagents: FeCls, MeOH
To an alcoholic solution of the sample, we have added a few drops of FeCls. A color

change from yellow to purple indicates the presence of phenols.

111.5.5. Shinoda’s Test
Objective: Identification of flavonoids.
Reagents: Mg, MeOH, concentrated HCI

To an alcoholic solution of the sample, we have added a few drops of concentrated HCI
and a pinch of Mg fillings. The presence of flavonoids is indicated by effervescence and a deep
pink (purplish) color.
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Abstract

A new isovaleronitrile diglycoside, named microcarposide (1), together with 6 known compounds: lupeol (2), betulinic acid (3),
B-sitosterol glucoside (4), methyl gallate (5), luteolin (6), and epicatechin (7), was isolated from the methanolic extract of the fruits
of Detarium microcarpum Guill. Perr. The structures of the compounds were determined by extensive analysis of 1D- and 2D-"H and
BC NMR spectroscopic data in conjunction with mass spectrometry and by comparison with data reported in the literature.
Compound 1 was characterized as (2R)-2-[(6"-O-B-L-thamnopyranosyl-8-p-glucopyranosyl)oxy]-3-methylbutanenitrile. Some of
the isolated compounds were evaluated for their antibacterial activities against several microorganisms; only compound 1 was ac-
tive against Salmonella typhi, Salmonella enteritidis, and Salmonella typhimurium with minimum inhibition concentration values of 153.4,

76.7, and 76.7 pM, respectively.
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The genus Detarium is a member of the family Fabaceae, subdi-
vision Caesalpinivideae, and tribe Detarieae.' Only 2 species of
this genus are reported in the literature. The first, Detariun sen-
egalensis |.F. Gmel., grows in riparian and dry forests areas, while
the second, D. microcarpum Guill. and Perr., is a fruit bearing
tree growing to a height of about 10 m, which is distributed in
dry savannah regions of some western and central Aftica
countries such as Benin, Burkina Faso, Guinea Bissau, Guinea,
Niger, Nigeria, Senegal, Ghana, Togo, Cameroon, and Central
African Republic.”* Different parts of this latter plant have
been used in traditional medicine for the treatment of several
illnesses such as stomach disorders, venereal diseases, and gas-
trointestinal ailments. The fruit pulp is rich in minerals, such as
Ca, P, Fe, K, Na, and Mg, and essential vitamins, such as C, E,
B2, and folic acid, which serves as a major food supplement
during the dry season.” It is worth noting that fruits of plants
of the Fabaceae family contain cyanogenic glycosides.() These
are secondary plant metabolites that have been used as chemo-
taxonomic markers. They are present in more than 2500 plant
species of which the most represented botanical families are
Fabaceae, Rosaceae, 1 inaceae, and Asteraceae.®

Previous phytochemical investigations of the fruit flour of
D. microcarpum reported about 42% carbohydrates; 36% lipids;

and 11% protein, terpenoids, and phenolic compounds, some
of which exhibited a wide range of biological properties,
including antimicrobial, antimalarial, and cytotoxic effects.””
The seed coat is also reported to possess antimicrobial activity,
which could be used in the control of infectious diseases."
Although different parts of D. wmicrocarpum are used for the
treatment of microbial and parasitic diseases, we have found
no information regarding their use in the treatment of typhoid
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Figure 1. Structures of compounds 1-7.

fever. However, in Cameroon, the local population from where
this plant was harvested uses its fruit pulp and root bark decoc-
tions for the treatment of this disease. Thus, in order to either
confirm or overturn the ethnobotanical uses of this plant in
the treatment of typhoid fever, and as part of our ongoing
search for anti-Salmonella extracts and secondary metabolites
from Cameroonian medicinal plants, we have undertaken the
chemical and pharmacological investigation of this plant.

In this paper, we report the structural elucidation of a new
isovaleronitrile diglycoside, named microcarposide (1), along
with 6 known compounds (2-7), as well as evaluating their anti-
bacterial activity and especially their anti-Sa/nonella activity.

Results and Discussion

Silica gel column chromatography (CC) of the methanol
extract of fruits of D. microcarpum led to the isolation of a new
isovaleronitrile diglycoside, named microcarposide (1), along
with 6 known compounds lupeol @2),"" betulinic acid (3),"”
B-sitosterol glucoside @)," methyl gallate (5)," luteolin (6),"”
and epicatechin (7)." The structures of the known compounds
were determined based on the analysis of their spectroscopic

data, which showed complete agreement with those reported
in the literature (Figure 1).

Compound 1 was obtained as a white powder from the
EtOAc/MeOH (9:1) fraction. It reacted positively both with
Molisch’s and the cyanogenic reagents, suggesting its sugar nature
and the presence in its structure of a cyanide moiety. Its molecu-
lar formula, C,;H,(NO,,, implying 4 degrees of unsaturation,
was established from its HR-ESI-TOF-MS (Supplemental Figure
S1), which showed, in the positive mode, the protonated molecu-
lar ion peak [M+H] " at 7/% 408.1865 (caled for C,,H;NO, " :
408.1864). The presence of the cyanide group in this compound
was confirmed by the stretching vibration band observed at v
2356 cm ' in the IR spectrum. This spectrum also displayed
vibration bands characteristic of a hydroxyl group (b 3363 cm™ ")
and C p3-H (0 2920 em ') of aliphatic carbons (Supplemental
Figure S2). The 17 carbon atoms of the molecular formula were
confirmed by the broad band proton decoupled C NMR spec-
trum (Table 1), which showed 17 signals. These were sorted by
DEPT and HMQC techniques into 12 #3 methine carbon signals
[among which were 11 oxymethine signals appearing at J~ 101.9
(C-1,101.2 (C-1"), 76.9 (C-5"), 76.1 (C-3'), 73.4 (C-2'), 72.4 (C-4"),
71.9 (C-2), 68.8 (C-3"), 70.9 (C-2"), 70.4 (C-4), 71.1 (C-5"); and 1
methine signal at J- 31.7 (C-3)]; 1 J])3 oxymethylene signal at J-
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Table 1. 'H (500 MHz) and "°C (125 MHz) NMR Spectral Data and HMBC Correlations of Compound (1) in DMSO.

Position "H NMR 4, (nH, m, ] in Hz) PC NMR 4. (m) HMBC

1 - 118.1

2 4.51 (1H, d, 5.6) 71.9 C,C, Gy Cy
3 2.06 (1H, m) 31.7

4 0.97 (3H, d, 6.8) 18.2

5 1.11 (3H, d, 6.7) 17.6

1 4.34 (1H, d, 7.8) 101.9 C,, Cy, Cs
2 2,99 (1H, dd, 9.9, 6.5) 73.4

3 332 (1H, s) 76.1

4 3.05 (1H, dt, 8.9, 4.5) 70,4

5 3.18 (1H, dt, 12.6, 6.5) 76.9

Ga' 3.81 (1H, dd, 11.9, 4.3) 67.0 Cp

6b' 348 (1H, dd, 11.9, 2.2) o

1" 4.59 (1H, d, 5.8) 101.2 Cg» Cynr Cs
2" 3.63 (1H, d, 9.0) 70.9

3" 3.43 (1H, d, 3.9) 68.8

4" 3.20 (1H, d, 4.2) 72.4

5" 3.42 (1H, d, 3.2) 71.1

6" 1.13 (3H, d, 6.2) 18.4

67.0 (C-6), and 3 methyl group signals at J. 18.4 (C-6"), 18.2
(C-4), and 17.6 (C-5). Thus, the compound contained 1 quater-
nary sp nitril carbon signal at J- 118.1 (C-1).

The combined analysis of the '"H NMR (Table 1) and
HMQC (Supplemental Figure S6) spectra of compound 1
showed a set of signals at d; 4.51 (1H, d, ] = 5.6 Hz, H-2)/4.
71.9 (C-2), 6, 2.06 (1H, m, H-3) /4. 31.7 (C-3), 6, 0.97 (3H, d,
J=6.8Hz,H-4)/5-18.2 (C-4), and 6, 1.11 (3H, d, ] = 6.7 Hz,
H-5)/6 17.6 (C-5), which were assigned to an isovaleronitrile
aglycone type moiety (CSHQNO).17 The "H NMR spectrum of
compound 1 also exhibited 2 doublets of 1 proton each at Jj,
4.34 (1H, d, J = 7.8 Hz, H-1") and ¢}; 4.59 (1H, d, ] = 5.8 Hz,
H-1"), which correlated in the HMQC spectrum with the cot-
responding carbons C-1"at d- 101.9 and C-1" at § 101.2, indic-
ative of the presence of 2 sugar moieties. Also observed in
these spectra were 2 sets of signals. The first, corresponding to
hydroxyl methine and methylene signals at 6,/ 4.34 (1H, d, |
= 7.8 Hz, H-1/101.9 (C-1", 2.99 (1H, dd, ] = 9.9, 6.5 Hz,
H-2/73.4 (C-2), 3.32 (1H, s, H-3")/76.1 (C-3"), 3.05 (1H, dt, ]
= 8.9, 4.5 Hz, H-4")/70.4 (C-4"), 3.18 (1H, dt, ] = 12.6, 6.5 Hz,
H-5/76.9 (C-5, 3.81 (1H, dd, ] = 11.9, 4.3 Hz, H-62")/67.0
(C-6"), and 3.46 (1H, dd, ] = 11.9, 2.2 Hz, H-6b")/67.0 (C-6"),
was a characteristic of D-glucopyranosyl moiety,'® whereas the
second set, including signals at d,,/d. 4.59 (1H, d, ] = 5.8 Hz,
H-1")/101.2 (C-1"), 3.63 (1H, d, ] = 9.0, H-2")/70.9 (C-2"),
343 (1H, d, ] = 3.9, H-3")/68.8 (C-3"), 3.20 (1H, d, | = 4.2,
H-4")/72.4 (C-4"),3.42 (1H, d, ] = 3.2, H-5")/71.1 (C-5"), and
1.13 (3H, d, ] = 6.2, H-6")/18.4 (C-6"), was attributable to an

1-rhamnopyranosyl moiety.'*'” Complete assignment of the
protons and carbons of 2 sugar units was achieved by analysis

of the COSY, HMQC, and HMBC spectra of this compound.

The linkage between the sugar units and the aglycone and
that between 2 sugar units remained to be determined.

The fragment ion observed at 7/ 309 (M'—99) in the HR-
ESI-TOF-MS of compound 1, corresponding to the loss of
the aglycone, confirmed that the aglycone was linked to the
sugar moieties through an oxygen atom. Furthermore, the
HMBC (Supplemental Figure S8) correlations observed
between the anomeric proton H-1' of the p-glucose unit at dy,
4.34 (1H, d, ] = 7.8 Hz) and carbons C-3' (¢ 76.1), C-5" (4
76.9), and C-2 (9. 71.9) of the aglycone, clearly confirmed its
direct attachment to the aglycone (Figure 2). Concerning the
linkage between 2 sugar units, the HMBC (Supplemental
Figures S8 and S9) correlations were used once again. The
HMBC cortelation observed between the H-6' protons of the
D-glucose moiety at dyy 3.81 (1H, dd, /] = 11.9, 4.3 Hz, H-6a")
and at 3.48 (1H, dd, | = 11.9, 2.2 Hz, H-6b') with the anomeric
carbon C-1" of the L-thamnose unit at - 101.2 and H-1" ano-
meric proton of the L-rhamnose unit at 4, 4.49 (1H, d, ] = 5.8
Hz) and the C-6' (4. 67.0) carbon of the p-glucose unit estab-
lished the connectivity between 2 sugar units.

The relative stereochemistry of the anomeric protons of 2
sugar units was established to be § from | coupling constant
values between H-1'and H-2' ;14 = 5.0 Hz), and H-1" and
H-2" (g0 gy = 5.0 Hz), respectively. ™"

The absolute configuration of the stereogenic center C-2 of
the aglycone was established by comparing the chemical shifts
and coupling constants of its proton with those of 2 closely
related epimers, heterodendrin  and  epi-heterodendrin
(Supplemental Figure $12)." These 2 compounds are gluco-
sides possessing in their structure the same aglycone part
directly linked to the same sugar unit as in compound 1. The
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Figure 2. Key 2D NMR correlations of compound 1.

fact that the 'H NMR data of our compound (chemical shifts
and coupling constants) (Table 2) show very close similarities
to those of epihetrodendrine let us assign the «R» configura-
tion to carbon C-2 as in the epihetrodendrine epimer.” Thus,
from the above data, compound 1, to which the trivial name
microcarposide was attributed, was assigned to be (2R) 3-meth
yl-2-[B-L-thamnopyranoside-1(1—06)-B-b-glucopyranosyl]
butanenitrile or (2R) 2-[B-L-thamnopyranoside-1(1—06)-3-b-
glucopyranosyllisovaleronitrile or
6'-O-rhamnosyl-(R)-epiheterodendrine.

Compounds 1 to 5 were assayed for their antibacterial
potency against 3 Salmonella strains, Salmonella tphi (ST),
Salmonella typhimurinm (STM), and Salmonella enteritidis (SE). As
depicted in Supplemental Table S1, only compound 1 exhibited
a moderate activity against 3 strains, with minimum inhibition
concentration (MIC) values of 153.4,76.7, and 76.7 uM on ST,
STM, and SE, respectively. However, as compared with the ref-
erence drug (RD), ciprofloxacine, compound 1 was much less
active. However, the activity of this compound against the
microbial strains could justify the use of the fruit pulp of this

Melting points were measured on a Buchii melting point appa-
ratus. Optical rotations were recorded on a Perkin-Elmer-241
MC Polarimeter, IR spectra on a Bruker Foutier transform/
infrared (ATR) spectrophotometer, mass spectra (ESI-MS) on
a Thermo-Finnigan LCQ DECA mass spectrometer, and HR-
ESI-MS with a FTHRMS-Orbitrap (Thermo-Finnigan) mass
spectrometer. 1D- and 2D-NMR spectra were recorded in deu-
terated solvents on either a Bruker ARX 500 or an AVANCE
DMX 600 NMR spectrometer (proton at 500 MHz and carbon
C at 125 MHz). All chemical shifts (d) were measured in parts
per million (ppm) using a residual solvent signal as a secondary
reference relative to tetramethylsilane as internal standard,
while coupling constants (]) are given in Hz. Solvents were dis-
tilled prior to use. Analytical grade solvents were used for
LCMS. Column chromatography was performed using Merck
MN silica gel 60 M (0.04-0.063 nm), and thin layer chromatog-
raphy (TLC) on aluminum silica gel 60 F,z, (Merck) precoated
plates (0.2 mm layer thickness). Compounds were visualized on
TLC either by the use of an UV lamp (254 and 366 nm) or by
heating after spraying with 20% H,SO, (v/v) solution.
Different mixtures of #-hexane (hex), EtOAc, CH,Cl,, and
MeOH were used as eluting solvents.

Plant Material

The fruits of D. microcarpum were harvested in Gamba savanna
(Mvina division, Adamaoua region of Cameroon) in March
2018. Identification was made by M. Ngansop Eric, a botanist
of the Cameroon National Herbarium, Yaoundé, where a
voucher specimen has been deposited under the registration
number HNC/57227.

Extraction and Isolation

Air-dried powdered fruit of D. microcarpum (1200 g) was
extracted 3 times (3 X 10 L) by maceration at room tempera-
ture (about 25 °C) in methanol for 48 hours. After filtration,

Table 2. Different Chemical Shift Values for Heterodendrin, Epiheterodendrin,® and Compound 1.

(8)-Heterodendrine (R)-Epiheterodendrine Compound 1
0y (600 MHz, DMSO- 4. (150 MHz, 4y, (600 MHz, DMSO- 4 (150 MHz, 4}, (500 MHz, DMSO- 4. (125 MHz,
Position dg) DMSO-4,) ) DMSO-4,) ) DMSO-4,)
1 - 117.8 - 118.6 - 118.1
2 474 (J= 6.2 Hz) 70.7 4.55 (J= 5.4 Hz) 72.6 4.51 (J=5.6 Hz) 71.9
1 432 (]=7.6 Hz) 100.9 4.29 (J]=7.7Hz) 103.4 434 (J=7.8Hz) 101.9
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the resulting solution was concentrated under reduced pressure
to give a dark crude extract (145 g).

Part of this extract (130 g) was fractionated using succes-
sively hex (4 X 500 mL) dichloromethane (DCM; 4 X 500
mL), ethyl acetate (EA; 4 X 500 mL), and #-butanol (n-
BuOH; 4 X 500 mL) through flash chromatography over sil-
ica gel (200 g), to yield 4 fractions, namely fraction A (10 g),
B (19 g), C (30 g), and D (57 g), respectively. Fraction D (57
@), resulting from #-butanol, was subjected to silica gel CC
(column dimension: 4.0 X 60 cm), eluting with a gradient of
DCM/MeOH (100:0, 1500 mL; 95:5, 1500 mL; 90:10, 1500
mlL; 80:20, 1500 mL; 70:30, 1500 mL; 60:40, 1500 mL; and
50:50, 1500 mL) to yield lupeol (2) (4 mg), B-sitosterol gluco-
side (4) (3.5 mg), and microcarposide (1) (8.3 mg). Fraction
B (19 g), resulting from dichloromethane, was subjected to
silica gel CC (column dimension: 3.0 X 65 c¢m), eluting with
a gradient of hex:EtOAc (100:0, 1500 mL; 90:10, 1500 mL;
80:20, 1500 mlL; 70:30, 1500 mL; 60:40, 1500 mlL; 50:50,
1500 mL; 40:60, 1500 mL; 30:70, 1500 mL; and 0:100, 1500
mL) to afford betulinic acid (3) (7 mg). In a similar manner,
fraction C (30 g), resulting from EA, was subjected to silica
gel CC (column dimension: 3.0 X 65 cm), eluting with a gra-
dient of hex:EtOAc (100:0, 1500 mL; 90:10, 1500 mL; 80:20,
1500 mL; 70:30, 1500 mL; 60:40, 1500 mL; 50:50, 1500 mL;
40:60, 1500 mL; 30:70, 1500 mL; and 0:100, 1500 mL) to
vield methyl gallate (5) (4.1 mg), luteolin (6) (5.3 mg), and
epicatechin (7) (6.5 mg).

In Vitro Anti-Salmonella _Assays

The antibacterial activity of compounds 1 to 5 was evaluated
using the microdilution method.” For determination of MICs
and minimal bactericidal concentrations (MBCs) of these com-
pounds, 3 Salmonella strains were used: ST, STM, and SE
(Supplemental Table S3).

The MIC of compounds 1 to 5 was determined through the
broth microdilution method in 96-well microtiter plates. The
96-well plates were prepared by dispensing into each well 50 ul,
of Mueller Hinton broth. The test substances were initially
prepared in DMSO in broth medium at 25 mg/mL. A volume
of 100 uL of each test sample was added to the first wells of
the microtiter plate. Serial 2-fold dilutions of these test samples
were made and 50 pl. of inoculum standardized at 10° CFU/
mL. The last wells (no. 12) served as sterility controls (con-
tained broth only) or negative control (broth plus inoculum).
This gave final concentration ranges from 306.80 to 0.29 pM
(for compound) and 386.30 to 0.37 uM (for RD: Ciprofloxacin).
The plates were incubated at 37 °C for 24 hours. The MICs of
the test compounds were determined following the addition of
20 pL of resazurin (alamar blue TM Cell Viability Reagent)
solution. Viable bacteria reduced the yellow due to a pink color.
The MIC corresponded to the lowest well concentration where
no color change was observed, indicating no growth of micro-
organism. The MBC was determined by adding 50 uL aliquots
of the clear wells to 100 uL of freshly prepared broth medium

and incubating at 37 °C for 24 hours. The MBC was regarded
as the lowest concentration of test sample that did not produce
a color change as above. All tests were performed in triplicate
on 2 different occasions.

Microcarposide (1)

C,,H,oNO,, white powder (8.3 mg); —[a]2) = —99 (¢ = 0.5,
DMSO); — IR v, em™ ' (KBr): 3419(-OH), 2934(-C_;-H),
2201(-C=N), 1422-812(-C_;-0), 665-417(-C_;-H); 'H NMR
(500 MHz, DMSO): §,, 4.59 (1H, s, H-1"), 4.51 (1H, d,] = 5.6
Hz; H-2), 4.34 (1H, d, ] = 7.8 Hz, H-1), 3.81 (1H, dd, ] = 11.9,
2.2 Hz, H-6b"), 3.63 (1H, d, ] = 9.0 Hz, H-2"), 3.46 (1H, d, ] =
11.9, 4.3 Hz, H-6a"), 3.43 (1H, d, ] = 3.9 Hz, H-3"), 3.42 (1H,
d,] =32 Hz, H-5"),3.32 (1H, s, H-3), 3.20 (1H, d, ] = 4.2 Hz,
H-4"), 3.18 (1H, dt, ] = 12.6, 6.5 Hz, H-5), 3.05 (1H, dt, ] =
8.9, 4.5 Hz, H-4), 2.99 (1H, dd, ] = 9.9, 6.5 Hz, H-2Y), 2.06
(1H, dq, ] = 13.3, 6.7 Hz, H-3), 1.13 (3H, d, ] = 6.2 Hz, H-6"),
1.11 3H, d, ] = 6.7 Hz, H-5), 0.97 (3H, d, ] = 6.8 Hz, H-4);
PC NMR (125 MHz, DMSO): 4. 118.1 (C-1), 101.9 (C-1),
101.2 (C-1"), 76.9 (C-5Y), 76.1 (C-3), 73.4 (C-2'), 72.4 (C-4",
71.9 (C-2), 68.8 (C-3"), 70.9 (C-2"), 70,4 (C-4), 71.1 (C-5",
67.0 (C-6"), 31.7 (C-3), 18.4 (C-6"), 18.2 (C-4), 17.6 (C-5), sce
Supplemental Table S1; HR-ESI-TOF-MS: /3 408.1865
(calcd. for C,,H, NO, " 408.1864).
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Ethnopharmacological relevance: Typhoid fever treatment remains a challenge in endemic countries. Detarium
microcarpum is traditionally used to manage typhoid.

Aim of the study: The study aims to explore the efficacy of hydroethanolic extract of Detarium microcarpum root
bark in rats infected with salmonella.

Material and methods: The phytochemical profile of the extract was obtained by UHPLC-MS analysis in an at-
tempt of standardization. The in vitro antimicrobial activity was determined using broth dilution method.

Salmonella infection was induced by oral administration of S. thyphimurium to immunosuppressed rats. Infected
rats were then treated 2 h later with the extract (75, 150 and 300 mg/kg), distilled water (normal and salmonella
control) and ciprofloxacin (8 mg/kg) for control. Body weight was monitored and stools were cultured to de-
termine the number of colony-forming units. At the end of treatment, animals were sacrificed, blood and organs
were collected for hematological, biochemical and histopathological analyses.

Results: Detarium microcarpum extract as well as the isolated compound (rhinocerotinoic acid) exhibited good
antimicrobial activity in vitro with bacteriostatic effects. The plant extract significantly (p < 0.05) inhibited the
bacterial development in infected animals with an effective dose (EDs() of 75 mg/kg. In addition, the extract
prevented body weight loss, hematological, biochemical and histopathological damages in treated rats.
Conclusion: Detarium microcarpum extract possesses antisalmonella properties justifying its traditional use for the

typhoid fever management.

1. Introduction

Typhoid fever is systemic foodborne disease caused by Salmonella
species such as Salmonella enterica serovar typhi (Salmonella typhi) and
paratyphi (Salmonella paratyphi) (Parry et al., 2002) and transmitted via
ingestion of contaminated food or water (Aubry et al., 2002). The dis-
ease still remains an important global health problem with an estimated
16 million cases leading to 600000 deaths yearly (Date et al., 2014),
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mainly occurring in developing countries due to poor hygiene (WHO,
2018). Salmonella infection begins in the reticulo-endothelial system
where intracellular multiplication occurs in macrophages (Aubry et al.,
2002). Clinical signs of infection include tiredness, headache, abdom-
inal pain, fever and severe forms leading to cerebral dysfunction, de-
lirium and shock. Occasionally, haemorrhages associated to peritonitis
due to the perforation of ulcerated Peyer's patches within the small
intestine cause death. Several conventional antimicrobial drugs such as
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beta-lactamines and fluoroquinolones have been developed to control
typhoid causative agent, however Salmonella has rapidly gained re-
sistance to the most efficient antibiotics (Madhulika et al., 2004). In
addition, their expensive cost and side effects raises up an important
need to search new accessible antityphoid agents. The use of herbal
medicines as complements or alternatives medicines has been on in-
crease due to the cheapness and accessibility. Moreover, about 80% of
individuals from developing countries use medicinal plants (WHO,
2018) that seems to be an interesting sources for varieties of new herbal
drugs (WHO, 2019). Experimental infection of mice with Salmonella
typhimurium provides a useful model of human typhoid fever caused by
S. typhi (Raupach and Kaufmann, 2001). Salmonellosis in rat presents
many similarities to the human disease, with the same primary site of
colonization, ileum, in both species (Naughton et al., 1996). This offers
opportunities to study some antibacterial control strategies.

Detarium microcarpum (Fabaceae) is an African leguminous medic-
inal plant found in the tropical forests (Mabberley, 2017). Leaves, bark,
roots, fruits and seeds of D. microcarpum are currently used in Ca-
meroon for the treatment of stomachache, typhoid fever, dysentery,
malaria, jaundice, digestive, nutritional and pregnancy disorders (Ebi
and Afieroho, 2011). Fruits are rich in vitamin C and are eaten raw or
cooked, while leaves and flowers are used as spices and vegetables for
the preparation of diets (Kouyaté et al., 2009; Sani et al., 2014). Anti-
microbial activities of some parts of D. microcarpum have been reported
(Akah et al., 2012; Ebi and Afieroho, 2011), but the scientific data of
root bark, that are currently used in Central Region in Cameroon are
not available yet. The purpose of this work was to investigate the effects
of the hydroethanolic extract of D. microcarpum root bark on salmonella
infection in rat.

2. Material and methods
2.1. Plant material

Fresh parts of leaves, twigs, roots, and root bark of Detarium mi-
crocarpum Guill. & Perr. were harvested in March 2018 in the savanna
of the Gamba village with the geographic coordinates of “8°05'45.0”N
13°36729.6”E” (Adamaoua Region, Cameroon). The plant was authen-
ticated by a botanist Mr Ngansop Eric, at the Cameroon National
Herbarium, in comparison with a voucher specimen deposited under
number CNH57227.

2.2. Experimental animals

Six to eight-week old male and female Wistar albino rats weighing
160-180 g was used in the study. They were bred in the Animal House
of the Laboratory of Animal Physiology, University of Yaounde I. They
were maintained in ambient temperature under 12 h light-dark natural
cycle. Rats were fed with standard diet and had access to water ad li-
bitum. The study was conducted with the approval of the Cameroon
National Ethical Committee (Ref n°. FW-IRB00001954).

2.3. Bacterial strains

Different bacterial strains and isolates were used in the study. For
the in vitro test, Salmonella typhi ATCC 19430, Salmonella enteritidis
ATCC 13076 strains were obtained at ATCC (American Type Culture
Collection), whereas Salmonella typhimurium isolate was provided by
Centre Pasteur of Cameroon, Yaoundé. The purity control of each
bacterial strain or isolate was firstly checked by culturing in
Salmonella-Shigella agar medium (SS agar) (Liofilchem Italy). Each
bacteria was maintained in slants with nutrient agar at 37 °C and sub-
culture in freshly prepared agar plate 24 h prior to the drug suscepti-
bitlity assay.
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2.4. Study design

The different plant parts (leaf, twig, root, and root bark) were
subjected to preliminary biological screening in vitro antibacterial
assay. The most active extract was subjected to in vivo studies including
safety and efficacy on Salmonella typhimurim-induced typhoid in rat.

2.5. Extraction and phytochemical analysis

2.5.1. Preparation of plant extract and isolation

The collected materials were dried under shelter at the room tem-
perature and ground into powder. The extract of each plant part
(leaves, twigs, roots, and root bark) was obtained through the ma-
ceration of 868.0 g powder into ethanol/water (7/3, v/v) (4 L, 48 h x 3)
for 48 h. After filtration using Whatman filter paper N°3, the filtrate was
then concentrated on a rotary evaporator (Heidolph, Germany) under
reduced pressure at 45-55 °C and lyophilized (nema, origin). Afforded
extract powders were stored in tightly stoppered bottles at 4 °C in the
refrigerator prior to the experiments. Each extract was therefore, sub-
mitted to qualitative phytochemical screening to identify some sec-
ondary metabolite classes contains such as flavonoids, sterols, tri-
terpenes, alkaloids, glucosides, coumarin, tanins and saponins, using
standardized methods (Harbone, 1973). Extracts were subjected to in
vitro antimicrobial analysis and the most active extract from the root
bark was submitted to further bioguided fractionation strategy using
the liquid-liquid partition as described by (Zhang et al., 2013). Briefly,
the extract (130.0 g) was suspended into distilled water and then sub-
sequently extracted with n-hexane, dichloromethane, ethyl acetate and
n-butanol. Each fraction was evaporated under reduced pressure at
45-55 °C, resulting to four residues named fraction F; n-hexane
[11.0 g, 8.5 % yield], fraction F5 dichloromethane [20.0 g, 15.4 %
yield], fraction F3 ethyl acetate [34.0 g, 26.1% yield], fraction F,4 n-
butanol [60.0 g, 46.1% yield] and fraction Fs the remaining aqueous
extract (45.5 g, 32.50 % yield). Each fraction was tested for anti-
bacterial activity and only the active fraction, the ethyl acetate fraction
(F3) (34.0 ), was subjected to silica gel column chromatography. The
eluting system consisted of a mixture of n-hexane: ethyl acetate in a
gradient mode to afford lupeol (8) (14.5 mg) (Adzu et al., 2015), un-
known compound (7) (8.5 mg) whose structure is being elucidated, and
compound (4) rhinocerotinoic acid (4.0 mg) (Gray et al., 2003).
Overall, the fractionation of the ethyl acetate fraction of the hydro-
ethanolic root bark extract led to the isolation of three compounds
namely rhinocerotinoic acid, lupeol, and the unknown compound.
These compounds were characterized, using one (*H and '3C) and two
dimension (DEPT, COSY, HSQC, HMBC) NMR data, in conjunction with
the mass spectroscopy.

2.5.2. LC-MS analysis

The phytochemical profile of the extract was obtained by UHPLC-
MS analysis in an attempt of standardization. High resolution mass
spectra of extract were obtained through a Spectrometer (QTOF Bruker,
Germany) equipped with a HESI source. The spectrometer operates in
positive mode (mass range: 100-1500, with a scan rate of 1.00 Hz) with
automatic gain control to provide high-accuracy mass measurements
within 0.40 ppm deviation using Na Formate as calibrant. The fol-
lowing parameters were used for experiments: spray voltage of 4.5 kV,
capillary temperature of 200 °C. Nitrogen was used as sheath gas (10 1/
min). The spectrometer was attached to an Ultimate 3000 (Thermo
Fisher, Germany) UHPLC system consisting of LC-pump, Diode Array
Detector (DAD) (A: 190-600 nm), auto sampler (injection volume 10 pl)
and column oven (40 °C). The separations were performed using a
Synergi MAX-RP 100 A (50 X 2 mm, 2.5y particle size) with a H;O
(+0.1 % HCOOH) (A)/acetonitrile (+0.1 % HCOOH) (B) gradient
(flow rate 500 pL/min, injection volume 5 pl). Samples were analyzed
using a gradient program as follows: 95 % A isocratic for 1.5 min, linear
gradient to 100 % B over 6 min, after 100 % B isocratic for 2 min, the
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system returned to its initial condition (90 % A) within 1 min, and was
equilibrated for 1 min.

2.6. Determination of minimum inhibitory concentrations (MICs) and
minimal bactericidal concentrations (MBCs)

The minimum inhibitory concentration (MIC) of the extracts of
Detarium microcarpum were determined using broth microdilution
method in 96-well microtitre sterile plates as previously described
(Newton et al., 2002). Briefly, two-fold serial dilutions of the extract,
fractions and compound were seeded in a 96 well microtiter plate and
inoculated with bacterial inoculum at 10° CFU/ml (McFarland) in a
final volume of 100 pul of Mueller Hinton broth medium (Oxoid, Thermo
Scientific™). The final concentrations ranged from 500 to 0.244 ng/ml
(for the plant extract), 250 to 0.122 pg/ml (for extract) and 125 to
0.122 pg /ml (for isolated compound and ciprofloxacin used as the
reference drug). The negative control made of broth medium and
bacteria inoculum were treated with equivalent amount of DMSO at
0.5% (Loba chemie, India). The sterile control wells containing broth
medium was included in the experiment. The plates were incubated at
37 °C for 24 h. The MICs were determined after addition of 20 pL of the
yellow rezasurin (alamarblueTMCell Viability Reagent) solution that
viable bacteria reduce to pink color after 30 min of incubation at 37 °C
(O'brien et al., 2000). The MIC was considered as the lowest con-
centration that gives no color change, indicating no microorganism
growth. The Minimal Bactericidal Concentration (MBC) was de-
termined by sub culturing 50 pl of culture media corresponding to wells
without color changes (without rezasurin) into 150 pL of drug-free
broth medium. After 24 h incubation at 37 °C the MBCs were revealed
by addition of rezasurin as above and define as the lowest concentration
of with no color change. Tests were performed in triplicates at three
different times. The classification criteria of the antimicrobial activity
of extracts, fractions and compounds were based on the MIC threshold
reported by (Efferth and Kuete, 2010). The ratio MBC/MIC was calcu-
lated to determine the bactericidal (MBC/MIC < 4) and bacteriostatic
(MBC/MIC > 4) effects.

2.7. Acute oral toxicity study

Eight healthy Wistar rats were used for the acute oral toxicity stu-
dies using OECD guideline-423 (OECD, 2001) with slight modifications.
Animals were fasted for 12 h, provided only with water. A single dose of
5000 mg/kg of the hydroethanolic extract of D. microcarpum root bark
were orally administered to four animals while the four others received
distilled water at 10 mL/kg. The animals were then, continuously ob-
served for behavioural and autonomic profiles for 2 h to check for any
signs of toxicity or mortality up to 14 days.

2.8. Invivo evaluation of the effects of D. microcarpum roots bark extract in
rats infected with salmonella

After checking for the purity of the S. typhimurium isolate as pre-
viously described, the bacteria were maintained in Salmonella-Shigella
agar medium (SS agar) (Liofilchem Italy).

The animals were maintained in clean metabolic cages (TECNIPL-
AST, Germany) (1 rat/cage) during experimental period. Prior to the
salmonella infection, they were immunosuppressed by oral adminis-
tration of cyclophosphamid (30 mg/kg) two day before infection as
described by Abhishek et al. (2008). Salmonella infection was carried
out according to the method described by Havelaar et al. (2001) with
slight modifications. Briefly, 1 mL of bacterial suspension containing
1.5 x 108 CFU of Salmonella typhimurium in saline 0.9% NaCl solution
was orally administrated to each animal. Two hours later, animals were
randomized into seven groups of six animals each (03 males and 03
females) and daily treated for 10 days as follow:

Normal control consisted of healthy rats receiving distilled water
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(10 ml/kg), immunosuppressed control was uninfected animal treated
for two days with cyclophosphamid (30 mg/kg) and received distilled
water; salmonella control consisted of immunosuppressed and
Salmonella typhimurium-infected rats that received distilled water; po-
sitive control group was infected animal that received ciprofloxacin
(8 mg/kg), and the three test groups consisting in immunosuppressed
and infected rats that received D. microcarpum root bark extract at the
doses of 75, 150, and 300 mg/kg.

During the experimentation, body weight of each animal was re-
corded daily whereas faecal samples were collected every two days for
the determination of the bacterial load.

2.9. Determination of bacterial load

Fecal matter (0.1 g) of each experimental animal collected into
sterilized tube was dissolved in 5 ml of saline NaCl 0.9 %. Then, 100 pl
of the resulting suspension was spread in a 90 mm Petri dish containing
Salmonella-Shigella agar (SS agar) and incubated at 37 °C for 24 h. The
bacterial load was recorded by counting the number of S. typhimurium
colonies forming units (CFU), expressed per gram of fecal matter of
each animal.

2.9.1. Animal sacrifice and organs collection

At the end of treatment period, animals were sacrificed under ke-
tamine (30 mg/kg) and diazepam (10 mg/kg). Blood sample were
collected into EDTA tubes for haematological analysis and into dry
tubes which was centrifugated at 4 °C for 15 min at 3000 g, and su-
pernatant (serum) was collected and kept at -80 °C for biochemical
analyses. While some specific organs were removed, weighted, and
fixed into 10 % formaldehyde.

2.9.2. Hematological analysis

Hematological parameters analysis included red blood cell (RBC)
count, haemoglobin concentration (HGB), haematocrit (Hct), mean
corpuscular volume (MCV), platelet (Plt) count, white blood cell (WBC)
count, lymphocytes (Lymph), monocytes (Mono), and granulocyte
(Gran) which were determined using an automated blood analyzer (XP-
300 - Sysmex, Germany).

2.9.3. Biochemical analysis

The biochemical parameters evaluated were alanine amino-
transferase (ALT), aspartate aminotransferase (AST), alkaline phos-
phate (ALP), lipid profile [triglyceride (TG), Total cholesterol (TC),
high-density lipoprotein (HDL), and low-density lipoprotein (LDL) and
Atherogenic index], creatinine, uric acid, bilirubin and albumin. These
analyses were carried out through the procedures described by the
commercial kits BIOLABO (France) using spectrophotometer reader
(UviLine SI 5000 - SI Analytics®, Germany).

2.9.4. Histopathological analysis

The cross sections of tissues of each organ were prepared and ana-
lyzed using conventional techniques (Treuting et al., 2017). Sections of
liver, stomach, kidney, and intestine (jujenum) fixed into 10% formalin
were dehydrated in ascending grades of alcohol and cleared in xylene.
The fixed tissue was embedded in paraffin wax and sectioned into 5 pym
thick with the rotary microtome, then stained with hematoxylin and
eosin. The sections were examined with light microscope and photo-
graphed using a microscopic camera (Axioshop, Germany).

2.10. Statistical analysis

Data were expressed as mean * SEM (standard error of mean).
Statistical analysis was performed by one-way ANOVA (analysis of
variance) followed by the Bonferroni post-test using GraphPad 7 soft-
ware. Difference was considered as significant at p < 0.05.
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Table 1
Phytochemical analysis of the hydroethanolic extracts of Detarium microcarpum.
Extract

Metabolites Root Root bark Leaf Twig
Flavonoids + + +
Sterols + + + +
Triterpenes + + + +
Glucosides + + + +
Coumarins + + + +
Saponins + + + +
Alkaloids - - - -
Tannins - - - -

+ = present, - = absent.

3. Results and discussion
3.1. Phytochemical analyses and LC/MS chemical profile

The phytochemical analysis of D. microcarpum roots, roots bark,
leaves and twigs extracts revealed in all of them, the presence of phe-
nolic compounds, flavonoids, sterols, triterpenes, glucosides, cou-
marins, and saponins, whereas alkaloids and tannins were absent
(Table 1).

Fig. 1 and Table 2 summarize the major peaks in the chemical
profile of the hydroethanolic extract of D. microcarpum root bark. Eight
compounds were detected by UPLC-DAD-MS (Fig. 1a) among which, 2
were isolated.

Compound 4 (rhinocerotinoic acid): white crystal, mp. 187-189 °C,
[alp'® +38.9° (¢ 0.236, CHCl,). (+)HRESI-MS (Fig. 1b) [M+H] + at
m/z 319.2156 (caled for GCyoHs 05, 319.2268). 'H NMR (DMSO,
500 MHz): § 5.68 (1H, d, H-14), 2.37 (2H, dd, H-11), 2.33 (2H, dd, H-
12), 2.22 (2H, m, H-1), 2.14 (3H, d, H-16), 1.92 (1H, d, H-6a), 1.68
(3H, s, H-19), 1.64 (1H, dd, H-5), 1.52 (2H, m, H-2), 1.41 (1H, dd, H-
3a), 1.35 (1H, dd, H-6b), 1.22 (1H, dd, H-3b), 1.06 (3H, s, H-17), 0.89
(3H, s, H-18), 0.85 (3H, s, H-20); *C NMR (DMSO, 125 MHz): §
198.9(C-7), 167.8(C-15), 167.0(C-9), 158.3(C-13), 129.7(C-8),
116.6(C-14), 50.2(C-5), 41.2(C-3), 41.0(C-10), 39.1(C-1), 35.4(C-6),
35.2(C-12), 33.2(C-4), 32.7(C-11), 27.7(C-20), 21.5(C-18), 18.6(C-2),
18.6(C-16), 18.1(C-17), 11.4(C-19) (Dekker et al., 1988; Gray et al.,
2003).

Compound 8 (Lupeol) 'H NMR(CDCls, 500 MHz): § 4.70, 4.60 (2H,
s, H-29a, 29 b), 3.22 (1H, m, H-3), 0.79, 0.81, 0.85, 0.97, 0.99, 1.06,
1.71 (each 3H, s); '3C NMR (CDCls, 125 MHz): § 151.0(C-20), 109.3(C-
29), 79.0(C-3), 55.3(C-5), 50.4(C-9), 48.3(C-18), 48.0(C-19), 43.0(C-
17), 42.9(C-14), 40.8(C-8), 40.0(C-22), 38.9(C-4), 38.7(C-1), 38.1(C-
13), 37.2(C-10), 35.6(C-16), 34.3(C-7), 29.9(C-21), 28.0(C-23), 27.5(C-
2), 27.4(C-15), 25.1(C-12), 20.9(C-11), 19.3(C-30), 18.3(C-6), 18.0(C-
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Table 2
Main signals exhibited in the LC-MS spectra of compounds detected in D. mi-
crocarpum and proposed attribution.

N° Tr(min) [M+H]" Molecular Name of Compound
Formular
Exp. Calcl.
1 0.3 203.0523 203.26 CeH1206 Glucose
2 3.3 147.0435 147.0417 C;HgO, Not Identified
3 46 319.2275 319.2268 CaoHyo05 Not Identified
4 4.7 319.2156 319.2268 CyoH3003 Rhinocerotinoic acid
(C)]
5 4.9 319.2226 343.2268 CyoH3003 Not Identified
6 5.6 303.2326  303.2319 CyoH3,02 Not Identified
7 5.9 305.2485 271.2195 CyoH3,0, Not Identified (7)
8 6.9 227.3424 227.3432 C3oHs00 Lupeol (8)

28), 16.1(C-25), 15.9(C-26), 15.5(C-24), 14.6(C-27) (Adzu et al., 2015).
The compounds 4 showed antisalmonella activity wheras the com-
pound 8 was not active.

3.2. In vitro antibacterial activities of extracts and compound

The in vitro antibacterial effects (MIC, MBC and MIC/MBC para-
meters) of extracts, fractions, and isolated compounds from D. micro-
carpum are illustrated in Table 3. The crude extracts, fractions and
isolated compounds showed variable inhibitory activities against mi-
crobial strains. Root bark extract displayed good antibacterial activities
against all microorganisms tested with MIC ranging from 4.55 + 1.72
to 208.30 + 41.67 pg/mL, while root, leaves and twigs extracts only
inhibited the growth of some tested bacterial strains. Moreover, among
the fractions, only ethyl acetate fraction (F3) expressed moderate an-
tibacterial activity (MIC: 250-125 pug/ml) (Table 3). The compound 4
(rhinocerotinoic acid) exhibited good activity against all salmonella
strains tested with MIC values ranging of 31.25-62.50 pg/mL. The
other fractions (Fy, Fo, F4 and Fs) and other isolated compounds showed
no antisalmonella activity.

3.3. Acute oral toxicity studies

No toxicity signs or death were recorded with the plant extract
administration, indicating that the oral lethal dose-50 (LDso) of the
hydroethanolic extract of Detarium microcarpum root bark was greater
than 5000 mg/kg.
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Fig. 1. a: LC-MS chromatogram coupled with mass spectrometry of the roots bark hydroethanolic extract of Detarium microcarpum. Peakl to peak 8 represent the
different compounds observed in the extract. (1b): Mass spectrum of major compound. (4) = Labdane-type diterpene class: Rhinocerotinoic acid.
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Table 3
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Inhibition parameters (MIC, MBC) of D. microcarpum extracts against different salmonella.

Extracts Parameters Bacteria strains
St Stm Se

Roots MIC (ug/mL) 13.02 = 2.60 455 + 1.72 > 500
MBC(ug/mL) 208.30 + 41.67 52.08 *= 10.42 ND
MBC/MIC 15.99 16.02 ND

Roots Bark MIC (ug/mL) 9.11 + 2.44 4.55 = 1.72 208.30 + 41.67
MBC (ug/mL) 208.30 + 41.67 83.33 = 20.83 333.30 = 166.70
MBC/MIC 22.86 18.31 1.60

Leaves MIC (ug/mL) > 500 333.30 = 83.33 > 500
MBC (ug/mL) ND > 500 ND
MBC/MIC ND ND ND

Twigs MIC (pg/mL) > 500 7292 + 27.56 > 500
MBC (ug/mL) ND 416.70 = 83.33 ND
MBC/MIC ND 5.71 ND

Fractions

F; MIC (ug/mL) > 250 > 250 > 250
MBC (ug/mL) ND ND ND
MBC/MIC ND ND ND

Fo MIC (ug/mL) > 250 > 250 > 250
MBC (pg/mL) ND ND ND
MBC/MIC ND ND ND

F3 MIC (pg/mL) 250.00 250.00 250.00
MBC (ug/mL) 500 500 500
MBC/MIC 2 2 2

F4 MIC (ug/mL) > 250 > 250 > 250
MBC (pg/mL) ND ND ND
MBC/MIC ND ND ND

Fs MIC (ug/mL) > 250 > 250 > 250
MBC (ug/mL) ND ND ND
MBC/MIC ND ND ND

Compounds

“4) MIC (ug/mL) 62.50 31.25 31.25
MBC (pg/mL) 125 125 62.5
MBC/MIC 2 4 2

(8) MIC (ug/mL) > 125 > 125 > 125
MBC (pg/mL) ND ND ND
MBC/MIC ND ND ND

Ciprofloxacin MIC (ug/mL) 0.5 0.5 1
MBC (pg/mL) 2 2 4
MBC/MIC 4 4 4

Values represent mean = SEM, n = 3, St: Salmonella typhi ATCC 19430; Stm: Salmonella typhimurium; Se: Salmonella enteritidis ATCC 13076. MIC = Minimum
inhibitory concentration; MBC = Minimum bactericidal concentration. F; = n-hexane fraction; F5 = dichloromethane fraction; F; = ethyl acetate fraction; F, = n-

butanol fraction; Fs5 = aqueous fraction.

3.4. Effects of hydroethanolic extract of D. microcarpum root bark on the
bacterial load in salmonella-infected rat

The inoculation of 1 ml of NaCl 0.9 % suspension containing
1.5 X 10® CFU of Salmonella typhimurium to immunosuppressed rat
induced salmonella infection with gradual increase of bacterial load up
to 600 * 41.67 CFU/g of feces after 10 days of experiment (Fig. 2).

The daily administration of single dose of D. microcarpum extract
starting 2 h post inoculation significantly decreased the bacterial load
(p < 0.001) at the dose 150 and 300 mg/kg/bw compared to the
salmonella control. At the end of treatment, the extract induced com-
plete clearance (100%, p < 0.001) of bacteria load at all the tested
doses compared to salmonella control. No significant change in the
bacterial load was observed between the tested doses of the extract and
ciprofloxacin (8 mg/kg.bw).

3.5. Effect of the hydroethanolic extract of D. microcarpum root bark on
body weight and relative weight of organs

Fig. 3 summarizes the effect of the D. microcarpum root bark extract
on body weight evolution. The salmonella infection induced significant
decrease in body weight (p < 0.001) by 12.38 % and 36.36 % from
day 3 (d4) to day 9 (d10) respectively, in untreated group compared to
the normal group (Fig. 3A). It was also observed from day 4 (d5) to the
day 9 (d10), a significant decrease in body weight (p < 0.001) of
Salmonella control compared to immunosuppressed control. Mean-
while, the plant extract administration 2 h post inoculation significantly
increased the body weight (p < 0.001) of infected animals as com-
pared to the Salmonella control.

Inoculation of 1 mL of S. typhimurium suspension (1.5 x 108 CFU) to
immunosuppressed rat resulted after ten days to significant increase
(p < 0.001) in relative weight of liver, kidney and spleen as compared
to normal control and immunosuppressed control (Fig. 3B). However,
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Fig. 2. Kinetic effects of extract on the bacterial load in salmonella-infected
rats. Values are expressed as mean + SEM.n = 6. °p < 0.001: significant
difference compared to salmonella control; ©p < 0.001: significant difference
compared to ciprofloxacin (8 mg/kg.bw) control; ¢ p < 0.001: significant
difference between the test groups.

ten days administration of D. microcarpum extract led to a significant
decrease (p < 0.001) in relative weight of these organs. No significant
change was observed in weight of liver, kidney and spleen of the test
groups compared to the ciprofloxacin control. Likewise, no change was
recorded in weight of stomach and intestine of the experimental ani-
mals.

3.6. Effects of hydroethanolic extract of D. microcarpum root bark on some
haematological parameters

Table 4 presents the effects of treatment on some haematological
parameters in infected rats. The induction of salmonella infection re-
sulted in significant reduction (p < 0.001) of erythrocytes, he-
moglobin, hematocrit, and leucocytes while thrombocytes increased in
salmonella control as compared to the normal control and the im-
munosuppressed control. The daily administration of the extract sig-
nificantly increased (p < 0.001) the red blood cells (RBC) count,
haemoglobin (Hb) concentration, haematocrit (Hct) and mean corpus-
cular volume (MCV) in treated animals compared to salmonella control.
It was also recorded, a significant increase (p < 0.001) in white blood
cells (WBC), lymphocytes, monocytes and granulocytes count in the
infected animals treated with the plant extract compared to salmonella
control. However, no significant change pattern was observed between
treated groups.

3.7. Effects of the hydroethanolic extract of D. microcarpum root bark on
some serum biochemical parameters

The effects of D. microcarpum extract on some biochemical
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parameters are summarized in Table 5. Salmonella infection provoked
significant increase (p < 0.001) in ALAT, ASAT, APL, albumin, bilir-
ubin, creatinine, and uric acid levels compared to normal control and to
immunosuppressed control. However, the daily administration of plant
extract to infected animals significantly decreased (p < 0.001) these
parameters by 65.46%, 43.93% and 65.45% in ALAT, by 34.41%,
31.81% and 40.25% in ASAT, by 44.85%, 40.68% and 37.99% in APL
activities, by 19.38%, 11.77% and 13.82% in albumin, by 31.42%,
34.28% and 28.57% in total bilirubin levels at the respective doses of
75, 150 and 300 mg/kg, compared to salmonella control (Table 5). The
plant extract also induced significant decrease (p < 0.001) in creati-
nine level by 38.05% and 42.53% and in uric acid concentration by
32.57%, 45.71% and 44% at the same doses. It was observed an in-
crease in uric acid by 39.83% (p < 0.001) in animal treated with plant
extract at 75 mg/kg compared to immunosuppressed control. More-
over, no significant change was observed in these parameters between
normal and immunosuppressed control, as well among the treated
groups.

It results that, Salmonella typhimurium infection induced significant
increase (p < 0.001) in the total Cholesterol (T-Cho) by 34.61%, tri-
glycerides by 33.33%, LDL Cholesterol (LDL-Cho) levels by 44.00% and
atherogenic index by 50.00% compared to normal control and im-
munosuppressed control. Meanwhile, Salmonella typhimurium infection
induced significant decrease (p < 0.001) in HDL Cholesterol (HDL-
Cho) by 40% in salmonella control. The administration of the plant
extract to infected animal significantly protected (p < 0.001) from the
increase in T-Cho, triglycerides, LDL-Cho and atherogenic index and
from the decrease of HDL-Cho level, whatever the dose, compared to
salmonella control. No significant change was noted neither in lipid
profile parameters between normal control and immunosuppressed
control, nor between treated groups.

3.8. Effects of D. microcarpum root bark extract on the histopathology of
some organs

The histological analysis of liver, intestine (jujenum), and kidney of
salmonella-infected animals, treated with the D. microcarpum hydro-
alcoholic root bark extract is illustrated in Figs. 4-6. The liver section of
normal control revealed normal parenchyma in which centrolobular
vein, hepatocytes and sinusoids are well identified (Fig. 4A) while some
sinusoids clarification was observed in the immunosuppressed control
(Fig. 4B). It appears that typhoid fever provokes in liver section of
salmonella control, some damages including inflammation with leu-
kocyte infiltration, hepatocyte cytolysis (Fig. 4C) which disappeared in
treated groups (Fig. 4 D, E, F and G).

The intestine section of normal and immunosuppressed controls
presented normal architecture with from the internal to external dis-
tinct intestinal lumen, mucous, submucosa, muscular and serous

EA Normal control

o

B B8 Immunossupressed control

3 Salmonella control

>

~

D.m 150 mg/kg
B D.m 300 mgkg

Relative weight of organs (%)
-

Fig. 3. Effects of extract on body weight evolution (A) and relative weight of organs (B) in S. typhimurium infected in rat. Values are expressed as mean * SEM.
n = 6. % < 0.001: significant different compared to normal control; ® p < 0.001: significantly different compared to immunosuppressed control ® p < 0.001:

significant different compared to salmonella control.
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Fig. 4. Effects of D. microcarpum hydroethanolic extract on the micrography of liver section in salmonella-infected rats (HE x 400). 1: Centro-lobular vein, 2:
Hepatocytes, 3: leukocyte inflammation, 4: hepatocyte cytolysis. A-G: A: Normal control, B: Immunosuppressed control, C: Salmonella control, D: ciprofloxacin
control, E: Rats treated at 75 mg/kg of the extract; F: Rats treated at 150 mg/kg of the extract, G: Rats treated at 300 mg/kg of the extract.

(Fig. 5A and B). The intestine section of salmonella control shows some extract administration and ciprofloxacin protected the intestine of in-
major damages such as no diffuse infiltration with predominantly fected animals from damages with a general aspect similar to the
polymorphonuclear leukocytes, destruction of intestinal epithelium, normal control (Fig. 5 D, E, F and D).

and fibrinopurulent exudate in the intestinal lumen (Fig. 5C). The plant The normal control and immunosuppressed control groups

as*?"

Fig. 5. Effects of D. microcarpum hydroethanolic extract on the micrography of intestine (jujenum) section in salmonella-infected rats (HE x 400); 1: intestinal lumen,
2: Mucous, 3: Submucosa, 4: muscular, 5: Serous, 6: No diffuse infiltration with predominantly polymorphonuclear leukocytes, destruction of intestinal epithelium,
and fibrinopurulent exudate in the intestinal lumen. A-G: A: Normal control, B: Inmunosuppressed control, C: Salmonella control, D: ciprofloxacin control, E: Rats
treated at 75 mg/kg of the extract; F: Rats treated at 150 mg/kg of the extract, G: Rats treated at 300 mg/kg of the extract.
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Fig. 6. Effects of D. microcarpum hydroethanolic extract on the micrography of kidney section in salmonella-infected rats (HE x 400); 1: glomerulus, 2: urinary space,
3: distal convoluted tubule, 4: proximal convoluted tubule, 5: glomerulosclerosis, 6: mesangial expansion, I: inflamation. A-G: A: Normal control, B:
Immunosuppressed control, C: Salmonella control, D: Ciprofloxacin control (8.0 mg/kg), E: Rats treated at 75 mg/kg of the extract; F: Rats treated at 150 mg/kg of

the extract, G: Rats treated at 300 mg/kg of the extract.

presented normal kidney anatomy with proximal and distal convoluted
tubules and glomerular (Fig. 6A and B). The kidney of the untreated
rats exhibits glomerulosclerosis, mesangial expansion and inflammation
(Fig. 6C). Those of animals treated with ciprofloxacin or D. microcarpum
hydro-alcoholic root bark extract showed inconsiderable injuries pat-
tern (Fig. 6 D, E, F, G).

4. Discussion

The present study aimed to evaluate the in vitro and in vivo anti-
salmonella activity of hydro-ethanolic of Detarium microcarpum ex-
tracts. Detarium microcarpum uses are reported in communities for
treatment of different diseases including typhoid fever (Sodipo and
Wannang, 2015). The extracts from different parts of D. microcarpum
were in vitro tested on microbial agents and, the most active extract was
further evaluated for its in vivo anti-salmonella effects.

The D. microcarpum hydro-ethanolic extracts of leaf and twig ex-
hibited poor inhibition on Salmonella strains and isolate while the root
and root bark extracts showed strong antibacterial potencies, with the
root bark extract exerting the more prominent effect. Although, the
antisalmonella activity increased from extract to fractions, the resulting
compound (rhinocerotinoic acid) was less active than the parent extract
and fractions. Therefore, it is likely that compound (4) might not
contribute alone to the observed activity and could probably act in
synergy with other compounds present in the fraction/extract. The
phytochemical analysis of the extract revealed its complexity in terms
of bioactive compounds of which, most are well known for their bio-
logical activities such as antibacterial agents. Antimicrobial mechan-
isms involved in the observed activity might include disruption of pa-
thogen membrane by phenolic, sterol and terpene compounds in which
belong the isolated compound (rhinocerotinoic acid), interruption of
DNA/RNA synthesis and function provoked by coumarins, interference
with intermediary metabolism or the interruption of normal commu-
nication (Quorum sensing, QS) caused by flavonoids (Cowan, 1999). It
has been also reported that compounds of the labdane-type diterpene
class possess antimicrobial, antifungal, antiviral, anticancer and anti-
oxidant activities (Papaefthimiou et al., 2014).

In the present study, the orally inoculation of Salmonella enterica
serovar typhimurium isolate to healthy rats resulted to an establishment
of infection, which is the classical transmission pathway of salmo-
nellosis. The S. enterica serovar typhimurium infection begins with the
invasion of intestinal epithelial cells and requires the activation of Spil
(Salmonella pathogenicity island 1), a finely regulated type III secretion
system (TTSS or type three secretion system) in response to environ-
mental signal variations (Ellermeier and Slauch, 2007; Que et al.,
2013). As in many bacteria, Fe-S proteins are involved in many es-
sential pathways, and the assembly of these metal centers involves
biogenetic pathways; ISC (iron-sulfur cluster) and SUF (sulfur assim-
ilation), which are activated only under stress conditions (Py and
Barras, 2014). This infection was accompanied by some physiological
changes in the animals as the excretion of watery stool, the presence of
blood and mucus in the stool, the reduction of its mobility, the loss of
body weight and the increase of bacterial load in the feces (Fig. 1). This
observation suggests that bacteria has proliferated into the organs after
invading the digestive system, and challenging the non-specific defense
mechanism of animal (Fodouop SPC et al., 2014). The Detarium mi-
crocarpum root bark administration, 2 h post inoculation significantly
decreased the bacterial load in treated animal, proving its effective
antibacterial activity as observed in the in vitro assay. This anti-
salmonella activity of the extract may be ascribed both to the presence
of metabolites groups identified in the extract, acting by activation of
immune system cells as observed through the proliferation of WBCs in
the present study (Suresh et al., 2018) or by iron chelation due to
phenolic compounds, including labdane-type diterpene which is re-
quired for bacteria survival (Kortman et al., 2012; Papuc et al., 2017). A
synchronization in the complete bacterial clearance noted between the
D. microcarpum extract and Ciprofloxacin (8 mg/kg) treatment, used as
reference drug in this study, suggesting effective anti-salmonella ac-
tivity of the extract.

Salmonella typhimurium infection in rat is an example of bacterium
which invades the bloodstream, spreads throughout the body, invades
organs (liver, kidney, intestine, stomach and other organs), and secretes
endotoxins after escaping from macrophage cells (Nwankpa et al.,
2012). Classically, the general form of disease includes the passage of
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Salmonella through the lymphatic system of the intestine into the blood
which are carried to various organs (liver, spleen, kidneys) and can
cause organ damage and dysfunction as seen in the study. These phy-
siological changes are manifested by an increase in transaminases (ALT
and AST), APL, albumin, bilirubin and lipid profile disturbance which
express a hepatic function failure, and damage in the liver section of
salmonella control (Fig. 5). It has been reported that salmonella infec-
tion provokes disturbance in membrane permeability, structure or
fluidity, causes translocation of the liver transaminases to blood. The
release of endotoxin induce a cascade of transduction signal leading to
the translocation of NK- KB factors in the nucleus (Rietschel et al.,
1991). These factors induced the production of inflammatory factors
such as cytokine (TNF and interferon) and multiple metabolite of ara-
chidonic acid which can stimulate the production of free radicals as NO
and impair liver function (Bradham et al., 1998; Charpin, 2007).

It was also reported a reduced pyruvate levels and down-expression
of the genes regulating lipid metabolism in the chicken liver after in-
fection with salmonella that result in a lipid metabolism disturbance
(Coble et al., 2013). The increase in total cholesterol and LDL choles-
terol recorded in salmonella control suggests that salmonella infection
favour the accumulation of fatty acids in blood capillaries and predis-
poses to possible risk of atherosclerosis and cardiovascular diseases
(Kapur NK et al., 2008). This lipid profile alteration recorded in our
study was alleviated by the extract administration, demonstrating its
protective role in the liver function.

The increase of creatinine and uric acid levels recorded in infected
rats are signs of kidneys failure which is well described in salmonella
infection and could be due to local or systemic effects of circulating
Salmonella endotoxin (Khan et al., 1998). Salmonella infection involves
Angiotensin II in the production of pyrogenic cytokines, such as IL-1,
(Watanabe et al., 2000). Thus, Salmonella toxin effects in concert with
activation of the renin angiotensin axis and release of proinflammatory
cytokines produce renal perfusion disorders that impair renal function
(Janssen van Doorn et al., 2006). In fact, the decrease of serum crea-
tinine and uric acid levels in this study reveals repair effect of the
kidneys after the administration of Detarium microcarpum root bark
extract, indicating the benefit role of the extract in the reestablishment
of kidney integrity. The extract also protected from intestine damages
induced by salmonella infection.

5. Conclusion

The D. microcarpum hydroethanolic extracts expressed inhibitory
effects on some microorganisms agents with the best in vitro anti-
salmonella activity observed with the D. microcarpum root bark. This
extract expresses effective anti-salmonella activity in infected rat. It has
also protected infected animal from the decrease in body weight, dis-
turbances in transaminases, alkaline phosphatase, albumin, bilirubin,
lipid profile, creatinine, uric acid compared to the untreated infected
rats. No acute toxicity side effects was observed with the plant extract.
The overall results obtained in the present work provide, the baseline
information for the possible use of the hydroethanolic extract of D.
microcarpum as alternative treatment to salmonellosis or typhoid fever.
This anti-salmonella property observed in the extract justify its use in
the traditionally healing to salmonellosis. Further safety and clinical
study are needs to confirm it efficacy.
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Glossary

ALP: alkaline phosphate

ALT: alanine aminotransferase

AST: aspartate aminotransferase

ATCC: American Type Culture Collection

CFU: Colony Forming Unit

DMSO: dimethylsulfoxyd

HDL:: high-density lipoprotein

LDL:: low-density lipoprotein

MIC: minimum inhibitory concentration

MBC: minimal bactericidal concentration

MCV: mean corpuscular volume

OECD: Organization for Economic Co-operation and Development
TG: triglycerides

TC: Total cholesterol

UHPLC-MS: Ultra-high-performance liquid chromatography mass spectrometry
WHO: world health organization
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