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ABSTRACT
Burnatia enneandra was traditionally used across the world for 
medicinal purposes. In Cameroon, this plant treats injuries, stom-
ach aches and some intestinal parasites. Therefore, the bioactive 
molecules responsible for these potentials and their mechanisms 
of action remain unknown. This study investigates, for the first 
time, the antibacterial effects of isolated compounds from B. enne-
andra and their effective use for therapeutic purposes without side 
effects. The bioactive molecules of B. enneandra were obtained 
from ethyl acetate extract (EA.E) by applying various chromato-
graphic methods. The structures were elucidated using HR-ESI-MS 
and 1D- & 2D-NMR spectroscopic data in addition to literature. The 
antibacterial activity was evaluated on four bacteria strains. As a 
results, one new diterpenoid of the clerodane (1) type, together 
with five known diterpenoids (2, 3, 4, 5, 6), was isolated in the 
EA.E of B. enneandra tubers. All tested negative-gram bacteria strains 
showed high MIC against isolated compound (1) at 0.04 µmol/mL.
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1.  Introduction

Nowadays, populations in developing countries, including Africa and Asia, mostly refer 
to traditional healers concerning their health issues (Liu et  al. 2021; Negash 2021; 
Tefere et  al. 2022; Morobe et  al. 2023). Burnatia enneandra Micheli is a semi-aquatic 
herbaceous plant of the Sudano-Sahelian region, belonging to the family of 
Alismataceae, which is well distributed in Cameroon and Sudan. In Cameroon this 
plant grows mainly in swampy areas of the North and Far-North regions. The plant 
was used in old traditions across the world as functional food and for medicinal 
purposes. B. enneandra is called “Anjakooje” in Fulfuldé and “tigna’ri” in Toupouri (Taira 
et  al. 2019) and its dried tubers are used to sweeten pap. Moreover, its latex is com-
monly used to treat injuries and some intestinal parasites of children. The previous 
chemical studies carried out on B. enneandra reveal its high contents of proteins and 
minerals (Ca, Fe, K, Na, Mg, Mn and Zn) (Klang et  al. 2014). To the best of our knowl-
edge no phytochemical study has been done on this plant. On the other hand, only 
one of the biological activities, such as the amylolytic activity, was evaluated to date. 
In this line, it has assessed the bioactive secondary metabolites from medicinal plants. 
The present study investigated the ethyl acetate crude extract of B. enneandra tubers. 
One new diterpenoid, including the clerodane (1) type, together with three other 
known diterpernoids (2, 3, 4, 5, 6) is herein reported (Figure 1). The antibacterial 
activity of the ethyl acetate extract and the isolated compounds was also evaluated.

2.  Results and discussion

The ethyl acetate crude extract of B. enneandra tubers was purified using normal 
phase column chromatography, leading to the isolation of four compounds (1–6). 
They were characterised and identified as diterpenoid derivatives, among which was 
an unprecedented naturally acetylated clerodane 13-(Z)-kolavic acid 15-acetate (1) 
together with two known diterpenoids (2, 3, 4, 5 and 6) (Figure 1).

Guiskreoic acid, or compound 1, was obtained as a white powder. C22H34O4 was 
established as the molecular formula of compound 1 deduced from its HR-ESI-MS 
spectrum, which reveals a sodium ion peak [M + Na]+ at m/z 385.2343 (m/z calcd. 
385.2355 for C22H34O4Na+), indicating six degrees of unsaturation (Figure S2). The IR 
spectrum of compound 1 has shown broad absorption bands at 2,980, 1,710–1,644 
and 1,146 cm−1 typical of conjugated hydroxyl and ester functions (Lin et  al. 2020) 
(Figure S3). Its 13C-NMR coupled with DEPT-135 spectra (Table S2 and Figure S5) reveal 
the signals of twenty-two carbon atoms characteristic of an acetylated diterpenoid 
derivative. The carbons were sorted into five methyls, seven methylenes, among which 
one is oxygenated at δC 61.6, four methines, among which two are olefinic at δC 
137.5 and 118.9, and six quaternary carbon atoms among, which are two carboxyl 
groups at δC 171.9 and 169.7, two olefinic carbons at δC 143.5 and 143.1, and two 
sp3 hybridised carbons at δC 39.3 and 38.1. The above data are closely related to that 
of kolavenic acid 15-methyl ester, which is a clerodane derivative (Misra et  al. 1964; 
Ciavatta et  al. 1994; García et  al. 2006; Tchinda et  al. 2007; Delazar et  al. 2008). The 
1H-NMR spectrum (Table S2 and Figure S4) reveals the signals of two olefinic protons 
at δH 6.68 (dd, J = 4.8, 2.8 Hz, 1H) and 5.32–5.35 (m, 1H) characteristic of clerodane 
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(Tchinda et  al. 2007). This is further supported by the presence of five angular methyl 
groups, among which four are attributable to a clerodane skeleton at δH 1.63 (d, 
J = 1.3 Hz, Me-16), 0.67 (s, Me-19), 0.74 (d, J = 6.2 Hz, Me-17) and 1.25 (s, Me-20), 
together with a methyl at δH 2.00 (s, Me-2′) attributable to an acetate group. In 
addition, the signal of O-methylene protons is noticed at δH 4.59 (d, J = 7.1 Hz, 2H). 
Moreover, the position of this oxygen-bearing methylene was supported through 
homonuclear correlation revealed by the COSY spectrum (Figures S1 and S6) between 
protons at δH 4.59 (H-15) with one of the olefinic proton at δH 5.32–5.35 (H-14) 
(Tchinda et  al. 2007). The homonuclear correlation between protons at δH 6.68 (H-3) 
with 2.21/2.23 (H-2a/2b) and between 0.74 (Me-17) and 1.36–1.38 (H-8) led to posi-
tioning the second double bond and to assuming the clerodane skeleton (Heymann 
et  al. 1994). The HMBC spectrum (Figure S1 and S8) reveals the heteronuclear cor-
relation between the proton at δH 6.68 (H-3) with carbons at δC 169.7 (C-18), 143.1 
(C-4) and 17.9 (C-1) and δH 0.67 (Me-19) with carbons at δC 143.1 (C-3) and 47.4 
(C-10), leading to the easy positioning the acid group and the first double bond, 
while the correlation δH 1.25 (Me-20) with carbons at δC 47.4 (C-10) and 36.8 (C-8) 
and δH 1.63 (Me-16) with carbons at δC 143.5 (C-13), 118.9 (C-14) and 33.4 (C-12) 
unambiguously assumes the clerodane skeleton as well as the position of the second 
double bond (Tchinda et  al. 2007; Tang et  al. 2011). In addition, the heteronuclear 
correlations of δH 4.59 (H-15) with carbons at δC 171.9 (C-1′), 143.5 (C-13) and 118.9 
(C-14) led to support for the connection of the acetate group at the position C-15, 
which had not been reported so far. The relative stoichiometric configuration of 

Figure 1. S tructures of compounds (1–6) isolated from B. enneandra tubers.
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compound 1 was based on its NOESY spectrum (Figures S1 and S9) and supported 
by Tang et  al. (2011). Therefore, protons at δH 1.25 (Me-20), 0.74 (H-17) and 0.67 (H-19) 
reveal their β-orientations. Then, compound 1 was characterised as a new clerodane 
derivative trivially named 13-(Z)-kolavenic acid 15-acetate or Guiskreoic acid.

The structures of the known compounds were based on the interpretation of their 
spectroscopic and spectrometric spectra compared to the previous reports as two 
clerodane diterpenoids, i.e., hardwickiic acid or 1-naphthalenecarboxylic acid (2) 
(Heymann et  al. 1994; Zhao et  al. 2021), methyl(1α, 4αa, 5α, 6β, 8aα)-5-[−2-
(3-furan-3-ene-2-one)ethyl]-1,2,3,4, 4a, 5,6,7,8, 8a-decahydro-1,2-dihydroxy
-1-naphthalenecarboxylate and three furanolabdane diterpenoids, hypopurin A (4), 
hypopurin B(5) and hypopurin E(6) (Shen et  al. 2004; Metiefeng et  al. 2023).

The antibacterial activity of the EA.E and isolated compounds is summarised in 
Tables S3–S4. The disc diffusion test showed that the EA.E and compounds 1, 3, 4, 
5, 6 are more active on the strains studied than compound 2. Indeed, the latter has 
only a moderate effect (10.0 mm) on the negative-Gram bacterial strains at the con-
centration of 0.2 mg/mL. On the other hand, at the same concentration, E. coli 
(ATCC-25922) showed a very significant sensitivity towards the EA.E (14.0 mm) and 
isolated compounds 1 (14.0 mm) and 5 (14.0 mm). Salmonella typhi (ATCC-14028) (Table 
S3) presented a high sensitivity towards the EA.E and isolated compounds at 0.2 mg/
mL, with the exception of isolated compound 2, which showed only weak inhibitory 
activity (8.0 mm). Isolated compounds 1 and 5 exhibit interesting antibacterial activity 
on S. typhi (ATCC-14028) with an inhibition diameter of 16.0 mm each at a concen-
tration of 0.2 mg/mL. EA.E and isolated compounds showed a significant variation of 
inhibitory activity against positive-Gram strains of the tested bacteria as summarised 
in Table S4. B.subtilis (ATCC-19659) strain was the most sensitive against compound 
1 (14 mm) and compound 5 (14 mm) at 0.2 mg/mL among isolated compounds. 
However, other ethyl acetate extracts have inhibition diameter zones at 0.2 mg/mL 
up to 16 mm. At the same concentration, isolated compounds named compound 1, 
5 and EA.E showed the same value of inhibition zone (16 mm) against the bacterial 
strain S. aureus (ATCC-25923). Results of antimicrobial activity of the EA.E and isolated 
compounds suggest that positive-Gram strains were the most resistant. The antibac-
terial activity of EA.E and isolated compounds were qualitatively determined by the 
inhibition diameter zone, Ceftazidim, Ampicillin, Nalidixic acid, Streptomycin and 
Gentamicin, which were used as positive references, and DMSO was used as a neg-
ative control.

The EA.E and compounds 1, 3, 4, 5 and 6 were therefore selected to determine 
the MIC and CMB. Table S1 shows that the EA.E isolated compounds 1 and 5 had 
the best bacteriostatic effect on E. coli (ATCC-25922) and S. typhi (ATCC-14028) with 
the lowest MIC value of 15.625 µg/mL, 0.04 µmol/mL and 0.05 µmol/mL respectively, 
followed by isolated compounds 3, 4 and 6. EA.E and isolated compound 1 exhibited 
high bactericidal activity against B. subtilis (ATCC-19659) with a minimal bactericidal 
concentration of 0.09 µmol/mL. The inhibitory power of compound 1 and 5 towards 
negative-Gram bacteria (E. coli (ATCC-25922) and S. typhi (ATCC-14028)) could be due 
to the presence in these molecules of the carboxylic acid function, the trans double 
bond and the acetate group. According to Gan et  al. (2017), negative-Gram bacteria 
contain a lipid layer in the wall, making them less permeable and therefore more 
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resistant than positive-Gram bacteria. Negative-Gram bacteria tend to be more hydro-
philic as compared to positive-Gram because of the lower predominance of peptido-
glycan in the cell wall (Abhyankar et  al. 2021; Liu et  al. 2021). The sensitivity of the 
two bacterial strains towards EA.E and compound 1 is of great interest for future use 
as antibiotics.

3.  Experimental

3.1.  General experimental procedures

The NMR spectra (1H,13C, DEPT, HSQC, COSY, HMBC and NOESY) were recorded on a 
Bruker AVANCEII 500 spectrometer machine at different frequencies, with TMS 
(TetraMethylSilane) as an internal standard. The HRESIMS spectra were measured with 
a spectrometer type QTOF Bruker equipped with a high-sensitivity ESI source operating 
in positive ion mode with Na formate as an internal calibrant. IR spectra were recorded 
on an Alpha spectrometer. B. subtilus (ATCC 19659), S. aureus (ATCC25923) S. typh-
imurium (ATCC14028), and E. coli (ATCC25922) were obtained from the Microbiology 
and Food Products of Montreal, Canada.

3.2.  Plant material

B. enneandra tubers were collected during the dry season at Moulvoudaye, Mayo-Kani 
Division, from the Far North Region (10°54′0.0″ North latitude and 14°12′0.0″ East 
longitude) of Cameroon. The plant was identified at the National Herbarium of 
Cameroon. 61845HNC is the voucher of the specimen used for the identification by 
comparison at the national herbarium.

3.3.  Extraction and isolation

The powder (2.5 kg) of B. enneandra tubers was extracted for 72h with EtOAc. The 
macerate was filtered using Whatman filters, and the filtrate was concentrated under 
reduced pressure at about 68 °C to obtain the EtOAc crude extract (180.4 g). 25 g of 
EtOAc extract was fractionated on a silica gel (60–120 mesh type analysis) column 
using a system of n-hexane/EtOAc gradient and EtOAc/MeOH isocratic (v:v, 9:1), which 
led to the isolation of six (6) compounds: 2 (385 mg, v:v, 2:8, n-hexane/EtOAc), 1 
(128 mg, v:v, 4:6, n-hexane/EtOAc), 3 (326 mg, 9:1, n-hexane/EtOAc), 5 (458 mg, v:v, 
7:3, EtOAc/MeOH), 4 (512 mg, v:v, 4:6, EtOAc/MeOH) and 6 (231 mg, v:v, 3:7, 
EtOAc/MeOH).

3.4.  Spectroscopic data of compound 1

Guiskreoic acid (1): Formula C22H34O4, white powder; IR νmax 2980 (C-H), 1710-1644 
(C = O) and 1146 (C-O) cm−1; 1H-NMR (CD3OD, 500 MHz): 1.55–1.57 (m, 2H-1), 2.21–2.23 
(m, 2H-2), 6.68 (dd, J = 4.8, 2.8, 1H-3), 1.39–1.42 (m, 2H-6), 2.25 (dt, J = 13.1, 4.3, 1H-7), 
1.36–1.38 (m, 1H-8), 1.30–1.32 (m, 1H-10), 2.00–2.02 (m, 2H-11), 2.05 (dt, J = 12.9, 4.7, 
1H-12), 5.32–5.35 (m, 1H-14), 4.59 (d, J = 7.1, 1H-15), 1.63 (d, J = 1.3, 3H-16), 0.74  
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(d, J = 6.2, 3H-17), 0.67 (s, 3H-19), 1.25 (s, 3H-20), 2.00 (s, 3H-2′); 13C-NMR (CD3OD, 
125 MHz): 17.9(C-1), 36.5(C-2), 137.5(C-3), 143.1(C-4), 38.1(C-5), 37.4(C-6), 27.8(C-7), 
36.8(C-8), 39.3(C-9), 47.4(C-10), 27.5(C-11), 33.4(C-12), 143.5(C-13), 118.5(C-14), 61.6(C-15), 
16.1(C-16), 15.8(C-17), 169.7(C-18), 20.6(C-19), 18.4(C-20), 171.9(C-1′), 20.4(C-2′); 
HR-ESI-MS m/z: 385.2343 [M + Na]+ (m/z calcd. 385.2355 for C22H34O4Na+).

3.5.  Antibacterial activity of extract and isolated compounds

3.5.1.  Microbial tests and condition of growth
The EA.E, compounds (1–6) were evaluated for their antibacterial activity against four 
bacterial strains that included both positive-Gram (B. subtilis (ATCC 19659), S. aureus 
(ATCC25923)) and negative-Gram (S. typhimurium (ATCC14028), E. coli (ATCC25922)) 
provided by the Laboratory of Microbiology and Food Products of Montreal (University 
of Alberta, Canada). All bacterial cultures were maintained in Mueller-Hinton agar 
broth mixed with 20% glycerol and stored at −20 °C until usage. All different cultures 
were grown at 37 °C in test tubes containing 10 mL of BHI broth for 24 h. Then, the 
microbial strain was diluted (2:1) in fresh Mueller-Hinton agar medium in order to 
obtain a final cell concentration of approximately 108 CFU/mL, equivalent to the 
McFarland 0.5 standard.

3.5.2.  Determination of antibacterial effect of extract and isolated compounds
The evaluation of the antibacterial activity of the extract and isolated compounds 
was carried out by the disc diffusion method on the gelled medium Muller-Hinton 
Agar (Cos et  al. 2006; Zhang et  al. 2016) in order to identify the active compounds 
and anticipate future studies. The test solutions were prepared in five different con-
centrations (0.1, 0.2, 0.4, 0.8, 1.6 and 3.2 mg/mL). Briefly EA.E, compounds (1–6) were 
dissolved in 5 mL of DMSO. The microbial suspensions in the exponential growth 
phase (0.5 on the McFarland scale, approximately 108 cell/mL) were inoculated into 
sterile Muller-Hinton Agar. Commercially available antibacterial susceptibility discs 
containing gentamycin (30 µg/disc), ceftazidime (25 µg/disc), ampicillin (25 µg/disc), 
nalidixic acid (25 µg/disc) and streptomycin (30 µg/disc) were used as reference anti-
bacterial drugs. After a pre-diffusion of 30 min at room temperature, the Petri dishes 
were incubated for 18–24 h at 37 °C. The diameters of the inhibition zones were 
measured.

3.5.3.  Determination of minimal inhibitory concentrations (MIC) and minimal 
bactericidal concentrations (MBC) of extract and compounds
The determination of the MIC and the MBC was done according to the microdilution 
method using 96-well microplates as described by Feng et  al. (2021) and Cos et  al. 
(2006) with some slight modifications. A stock solution of extract and isolated com-
pound at 10 mg/mL was diluted (500, 250, 125, 62.5, 31.25 and 15.625 µg/mL) and 
then mixed with Mueller-Hinton Broth and microbial broth suspension at 108cells/mL. 
The crude extract and isolated compounds diluted in Muller-Hinton broth are taken 
as negative controls, and the microbial suspension with Muller-Hinton as a positive 
control. The inoculated microplates are incubated for 24 h at 37 °C. The well 
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corresponding to the smallest concentration of crude extract or isolated compounds 
for which no turbidity is observed is taken as being the Minimum Inhibitory 
Concentration (MIC). From this MIC, the wells that have shown no microbial growth 
visible to the naked eye are re-isolated on Muller-Hinton Agar. The lowest concen-
tration for which no microbial colony is observed (99.99% destruction) is the Minimum 
Bactericidal Concentration (MBC). The antibiotic potential of the strain is determined 
by calculating the MBC/MIC (Kalenga et  al. 2021).

3.6.  Statistical analysis

All the experiments were performed in triplicate, and the results were given as 
mean ± standard deviation (SD). The obtained data were analysed using Statgraphics 
software (version. 16). One-way variation analysis (ANOVA) on the statistical significance 
level 0.01 was performed. Significance of the differences between mean values was 
examined using Tukey’s test (p < 0.01).

4.  Conclusion

This study shows that B. enneandra is a good natural source of diterpenes like 
clerodane, having interesting antibacterial activity, which could be used for further 
pharmaceutical purposes. In addition, the results of this investigation are in agree-
ment with the local use of B. enneandra in traditional medicine in ancient times. The 
present results may justify the local use of B. enneandra in the treatment of several 
diseases.
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