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ABSTRACT 
 

Infection due to multi-resistant bacteria is a public health concern. Unfortunately, the prospect of 
developing new antibiotics seem not to be on the horizon. Faced with this impasse, medicinal plants 
could be an alternative for the development of new molecules. The aim of this study was to 
determine the inhibitory effect of H. madagascariensis extracts on β-lactamases. Extraction of 
bioactive compounds from trunk barks and leaves of the plant was done in an ethanol-water mixture 
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(70:30). Anti-β-lactamase activity was evaluated by spectrophotometry after the removal of tannins 
and a phytochemical screening was used to identify the groups of compounds. Concentrations 
inhibiting 50% of enzyme activity were 0.005±0.001 mg/mL (CTX-M-15), 0.01±0.001 mg/mL (P99) 
and 0.027±0.009 mg/mL (NDM-1) for bark extracts and 0.704 mg/mL for leaves extracts. 
Phytochemical screening revealed the presence of flavonoids in bark extracts. The ethanolic 
extracts of the trunk bark exert a good inhibitory activity on CTX-M-15, P99 and NDM-1 β-
lactamases and this activity could be attributed to the presence of the flavonoids. Further studies by 
bio-guided fractionation of the ethanolic extracts of the bark could yield fractions with high inhibitory 
potential of β-lactamases.  

 
 
Keywords: β-lactamases; hydro-ethanolic extracts; H. madagacariensis; Ivorian pharmacopoeia. 
 
1. INTRODUCTION 
 
The production of β-lactamases by 
Enterobacteriaceae is a global problem that 
deserves special attention because it is 
responsible for therapeutic failures of infections 
caused by these organisms. Infections due to 
these multi-resistant bacteria leads to an 
increase in mortality rate, prolonged hospital stay 
and an increase in the cost of treatments [1]. 
Despite the strong expansion of bacterial 
resistance, the prospect of developing new 
antibiotics seem not to be in the horizon [2,3]. In 
the face of this impasse, it is imperative to look 
for new molecules with mechanisms of action 
different from those hitherto described or 
inhibiting the resistance mechanisms of bacteria 
of clinical importance [4]. These new molecules 
could come from natural sources, especially 
medicinal plants [5]. 
 
Harungana madagascariensis Lam. Ex Poir. 
(Hypericaceae) is a shrub native to tropical Africa 
and Madagascar [6]. It is widely used in 
traditional medicine for the treatment of anemia, 
gastroenteritis, nephroses and malaria [7,8]. 
Recently, our team showed that this plant had 
antibacterial effect on Enterobacteriaceae 
producing β-lactamases with broad spectrum [9]. 
The aim of this study was to determine the 
inhibitory effect of the hydro-ethanolic extract of 
H. madagascariensis on pure β-lactamases. 
 
2. MATERIAL AND METHODS 
 

2.1 Plant Materials 
 

Plant materials consisted trunk barks and leaves 
of H. madagascariensis Lam. Ex. Poir. 
(Hypericaceae). They were harvested from 
Lakota, in West-Central of Cote d'Ivoire, from 
June to July 2013. The identification was carried 
out at the National Floristic Center of the Félix 
Houphouët Boigny University of Cocody. 

2.2 Enzymes and Proteins 
 
β-lactamases were selected from each of the 
four classes, namely active-serum β-lactamases 
KPC-2 and CTX-M (class A), P99 (class C), 
OXA-48 (class D) and metallo-β-lactamases, 
NDM-1 (class B). They were extracted and 
purified by the Center of Protein Engineering 
(CIP) of the University of Liège. 
 
2.3 Preparation of the Ethanolic Extract 

70% 
 
The trunk bark and leaves of H. 
madagascariensis were dried and grinded into a 
fine powder using an IKA Labortechnik MFC® 
grinder. The hydro-ethanolic extracts were 
prepared according to the method described by 
Zihiri et al. [10] with modifications. The extracts 
obtained were stored in jars in a refrigerator. 
 
2.4 Elimination of Tannins 
 

The extract (1 g) and 100 mg skin powder 
(EDQM, Strasbourg, France) were introduced 
into a flask containing 150 mL of milliQ water. 
The flask was heated in a water bath at 100 °C 
for 30 min. After heating, the contents of the flask 
were transferred to a 250 mL volumetric flask 
and then made up to 250 mL with milliQ water. 
This was followed by decantation, filtration and 
lyophilization. The lyophilisates were dissolved in 
the various buffers (PBS, HEPES (MP 
Biomedicals, LLC) and HEPES + ZnCl2 (Acros 
Organic)) and filtered on microfilters of 42 μm. 
 

2.5 Inhibition of β-lactamases by Extracts 
of Harungana madagascariensis 

 

The activity of the different β-lactamases was 
determined in the presence and absence of 
extracts of H. madagascariensis [11]. The 
reaction volume was 500 μl, consisting of the 
various concentrations of plant extract, 5 μL of 
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enzyme, 5 μL of 100 μM nitrocefin and adjusted 
with different volumes of buffer. After 
homogenization, the enzyme was added and 
then the activity was measured with a 
spectrophotometer at the wavelength of 482 nm 
for 300 s. The residual activity of the enzyme 
was determined and the percentage inhibition of 
the extracts was calculated thus: 
 
                                   Initial velocity (Samples) 

(1) Residual activity =                                   X 100 

                                    Initial velocity (Control) 
 
(2) Inhibition (%) = 100%       Residual activity 
 
2.6 Phytochemical Sorting 
 

The different groups of compounds (sterols, 
polyterpenes, alkaloids, tannins, polyphenols, 
flavonoids, quinones and saponins) in the 
ethanolic crude extract and the ethanolic extract 
treated with the skin powder were investigated 
according to the methods [12,13,14,15] and 
reported by [16]. 
 

2.7 Statistical Processing of Data 
 
Graphical representations of data was done 
using Graph Pad Prism 5.0 and Excel 2007 
(Microsoft, USA). Analysis of one-factor variance 
(ANOVA) was used for statistical tests at 

significance level of 5% using the STATISTICA 
7.1 software.  
 

3. RESULTS AND DISCUSSION 
 

The ethanolic extract of the trunk bark had a 
strong inhibitory activity on β-lactamases CTX-M-
15, NDM-1 and P99 with concentrations 
inhibiting 50% of their activity (IC50) of 5 μg/mL, 
27 µg/mL and 10 μg/mL (Table 1). The residual 
activity was 25.8%, 33.2% and 32.2% for CTX-
M-15, P99 and NDM-1 respectively (Fig. 1). No 
significant difference was observed between the 
activity of this extract on the enzymes tested at  
P <0.001. 
 

Table 1. Concentration of the bark extract 
inhibiting 50% of the activity of the enzymes 

 

  CI50 (mg/mL) 
Enzymes Leaf extracts Bark extracts 
P99 0.704

b 
0.010 ± 0.001

a 

CTX-M-15 > 2.24
c 

0.005 ± 0.001
a 

NDM-1 > 2.24
c 

0.027 ± 0.009
a 

*IC50 values with the same letter are statistically 
identical 

 

Considering the ethanolic extract of the leaves, 
only P99 was inhibited by this extract with an 
IC50 of 704 μg / mL. For other enzymes, the 
IC50 of the extract was greater than the 
maximum tested concentration of 2.24 mg / mL.

 

A 

 
B C 

  
 

Fig. 1. Different parts of Harungana madagascariensis studied 
A: Leaves 

B: Inner side of the trunk bark 
C: External face of the trunk bark 
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At this maximum concentration, the residual 
activity of the P99 enzyme was 35.4%. The 
inhibitory activity of the H. madagascariensis leaf 
extract on CTX-M-15, NDM-1 and P99 was 
significantly different at P <0.001. Our findings 
corroborate those of Gangoué-Piéboji et al. [11] 
on 16 medicinal plants in Cameroon and showed 
good inhibitory activity of P99 by Garcinia lucida 
extracts and pure products at 0.012 mg / mL. 
 

Several studies for the detection of new effective 
inhibitors of β-lactamases capable of replacing 
commercial inhibitors have been undertaken on 
medicinal plants with convincing results. Zhao et 
al., in 2002 tested the direct inhibitory effect of 
epigallocatechin gallate, a green tea extract 
compound, on penicillinase extracted from a 
resistant strain of Bacillus cereus. They showed 
that this compound inhibits the activity of 
penicillinase at IC50s of 10 μg / mL and 44 μg / 
mL depending on whether there was a pre-
incubation of 18 hours or 30 min respectively and 
restores the antibacterial activity of Penicillin [17]. 
Similarly, 1,4-naphthalenedione isolated from the 
leaves of Holoptelea integrifolia and the 
salicylsalicylic acid isolated from the roots of 
Fissistigma cavaleriei were studied. The results 
of these studies have shown that both 
compounds inhibit β-lactamase activity and the 
synergistic action of 1,4-naphthalenedione with 
amoxicillin has been demonstrated [18,19]. Other 
similar studies have shown the inhibitory activity 
of plant extracts on penicillinases and metallo-β-
lactamases and demonstrated their synergistic 
action with certain β-lactams towards 
enterobacteria, non-fermenting Gram negative 
bacilli and Staphylococcus aureus-producing β-
lactamases [20,21,22]. 

The inhibition of CTX-M-15 and NDM-1 by the 
ethanolic extract of the trunk bark of H. 
madagascariensis has a promising prospect, 
because these two β-lactamases are very 
problematic in bacterial infections. CTX-M-15, in 
addition to being the most expressed β-
lactamases, leads to resistance to third and 
fourth generation cephalosporins and NDM-1 is a 
metallo-β-lactamase responsible for carbapenem 
resistance which are antibiotics of last resort in 
case of serious infections. 
 

3.1 Phytochemical Sorting 
 

The phytochemical analysis of the ethanolic 
extract (70%) of the trunk bark of H. 
madagascariensis revealed the presence of 
tannins, flavonoids and saponins in the crude 
extract. As for the extract treated with skin 
powder, it contained only flavonoids and 
saponins (Table 2). Some previous studies have 
shown that in addition to these families of 
compounds, alkaloids, steroids, polyterpenes 
and cardiac glycosides were present in the plant 
[23,24]. Flavonoids are hydroxylated phenolic 
substances synthesized by plants in response to 
microbial infection [25]. Their activity is probably 
due to their ability to form complexes with 
extracellular proteins and also with the bacterial 
membrane [5]. 
 
Several studies have demonstrated the inhibitory 
activity of flavonoids on β-lactamases. Thus, 
tests for the inhibition of the activity of a semi-
purified metallo-β-lactamase extracted from 
Stenotrophomonas maltophilia by flavonoids 
showed that galangine and quercetin irreversibly 
inhibit metallo-β-lactamase even after addition of 
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Fig. 2. Variation of the activity of the enzymes P99, CTX-M-15 and NDM-1 as a function of the 
concentration of the ethanolic extract 70% of the trunk bark of Harungana madagascariensis 

NDM-1 
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Table 2. Chemical composition of the crude extract and of the extract treated with skin powder 
 

Compounds Crude extract Extract treated vith skin powder 
Sterols et Polyterpenes - - 
Polyphenols + + 
Flavonoids + + 
Tannins Catechecal + - 

Gallic - - 
Quinones - - 
Alkaloids Bouchardât - - 

Dragendorff - - 
Saponines + + 

NB: +: Presence, -: Absence 
 

ZnCl2. It has been deduced that flavonoids are 
good inhibitors of metallo-β-lactamases because 
they do not chelate zinc [26]. Similarly, quercetin 
and its analogue, penta-o-ethylquercetin, are 
potent inhibitors of NDM-1, a metallo-β-
lactamase [27]. 
 

The mechanism of action of flavonoids is a non-
competitive inhibition as shown by Boussoualim 
et al. [28] contrary to the conventional inhibitors 
clavulanic acid, sulbactam and tazobactam which 
exert a competitive inhibition. It was deduced 
from this result that the difference in position and 
the number of hydroxyl groups would be 
responsible for the difference in the type of 
inhibition observed [28]. 
 

The inhibitory activity of β-lactamases observed 
in H. madagascariensis may therefore be due to 
the presence of flavonoids in the ethanolic 
extract of the bark. 
 

4. CONCLUSION 
 

The ethanolic extract of the bark of H. 
madagascariensis exerts a dose-dependent 
inhibitory activity on β-lactamases CTX-M-15, 
P99 and NDM-1 and this activity could be due to 
a flavonoid. It would therefore be interesting to 
carry out further studies by fractionation, 
extraction and elucidation of the compounds 
responsible for the inhibition of the β-lactamases 
tested and their mode of action. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Holmberg SD, Solomon SL, Blake PA. 
Health and economic impacts of 
antimicrobial resistance. Rev Infect Dis. 
1987;9:1065-1078. 

2. Spellberg B, Guidos R, Gilbert D, Bradley 
J, Boucher HW, Scheld, WM, Bartlett JG, 
Edwards JJ. The epidemic of antibiotic 
resistant infections: a call to action for the 
medical community from the Infectious 
Diseases Society of America. Clin Infect 
Dis. 2008;46:155-164.  

3. Boucher HW, Talbot GH, Bradley JS, 
Edwards JE, Gilbert JD, Rice LB, Scheld 
M, Spellberg B, Bartlett J. Bad Bugs, No 
Drugs: No ESKAPE! An Update from the 
Infectious Diseases Society of America. 
Clin Infect Dis. 2009;48:1-12. 

4. Okusa PN, Stévigny C, Duez P. Medicinal 
plants: A tool to overcome antibiotic 
resistance? In Medicinal plants 
classification, biosynthesis and 
pharmacology, Alejandro Varela and 
Jasiah Ibanez, Chap. 13. Nova Science 
Publishers, Inc, 2009;315-330. 

5. Cowan MM. Plant products as 
antimicrobial agents. Clin Microbiol Rev. 
1999;12(4):564-582. 

6. Iwalewa EO, Omisore NO, Adewunmi CO, 
Gbolade AA, Ademowo OG, Nneji C, 
Agboola OI, Daniyan OM. Anti-protozoan 
activities of Harungana madagascariensis 
Stem Bark extract on trichomonads and 
malaria. J Ethnopharmacol. 
2008;117(3):507-511.  

7. Erah PO, Asonye CC, Okhamafe AO. 
Response of Trypanosoma brucei, brucei-
induced anaemia to a commercial herbal 
preparation. Afr J Biotechnol. 2003;2:307-
311. 

8. Kamanzi AK, Schmid C, Brun R, Koné 
MW, Traoré D. Antitrypanosomal and 
antiplasmodial activity of medicinal plants 
from Côte d’Ivoire. J Ethnopharmacol. 
2004;90:221-227. 

9. Toty AA, Guessennd N, Otokoré DA, 
Galleni M, N’guessan KJ, Djaman AJ, 
Dosso M. In vitro antibacterial activity of 



 
 
 
 

Toty et al.; AJRB, 7(4): 157-162, 2020; Article no.AJRB.64072 
 
 

 
162 

 

Harungana madagascariensis Lam. Ex. 
Poir. (Hypericaceae) stem bark extracts on 
some enterobacteria producing extended 
spectrum β-lactamases (ESBL). Int J 
Chem Pharm Sci. 2016;4(3):134-139.  

10. Zihiri GN, Kra AKM, Guédé-Guina F. 
Evaluation de l’activité antifongique de 
Microglosa Pirifolia (LARMARCK) O. 
KUNTZE (Asteraceae) « PYMI » sur la 
croissance in vitro de Candida albicans. 
Rev Med Pharm Afr. 2003;17:11-18. 

11. Gangoué-Piéboji J, Baurin S, Frère J-M, 
Ngassam P, Ngameni B, Azebaze A, 
Pegnyemb DE, Watcgueng J, Goffin C, 
Galleni M. Screening of some medicinal 
plants from Cameroon for β-lactamase 
inhibitory activity. Phytother Res. 
2007;21(3):284-287. 

12. Ronchetti F, Russo G. A new alkaloid from 
Rauvolfia. Phytochem. 1971;10:1385-1388. 

13. Hegnauer R. Chemotaxonomie der 
pflangen, Bikhäuser Verlag, Basel: 
Stutgart, 6, 1973;761. 

14. Wagner H. Drogen analyse, Dünschicht 
chromatographische analyse von 
arzneidrogen. Springer Verlag Berlin 
Heidelberg: New York. 1983;522. 

15. Békro YA, Békro JAM, Boua BB, Tra BFH, 
Ehilé EE. Etude ethnobotanique et 
screening phytochimiques de Caesalpinia 
benthamiana (Bail) (Caesalpiniaceae). Sci 
Nat. 2007;4:217-225. 

16. Bidié AP, N’guessan BB, Yapo AF, 
N’guessan JD, Djaman AJ. Activités 
antioxydantes de 10 plantes médicinales 
de la pharmacopée ivoirienne. Sci Nat. 
2011;8(1):1-11. 

17. Zhao W-H, Hu Z-Q, Hara Y, Shimamura T. 
Inhibition of penicillinase by 
epigallocatechin gallate resulting in 
restoration of antibacterial activity of 
penicillin against penicillinase-producing 
Staphylococcus aureus. Antimicrob Agents 
Chemother. 2002;46(7):2266-2268. 

18. Vinod NV, Shijina R, Dileep KV, Sadasivan 
C. Inhibition of beta-lactamase by 1,4-
naphthalenedione from the plant 
Holoptelea integrifolia. Appl Biochem 
Biotechnol. 2010;160(6):1752-1759. 

19. Yang Z, Yule N, Yi L, Xiaoyan M, Chang 
Q. Beta-lactamase inhibitory component 
from the roots of Fissistigma cavaleriei. Int 
J Phytother Phytopharmacol. 2010;17(2): 
139-141. 

20. Shuchita D, Kamat SD, Kamat DV. Effect 
of aqueous extract of terminalia chebula on 
metallobetalactamase. Int J Pharm Pharm 
Sci. 2010;2(4):172-175. 

21. Boussoualim N, Trabs, H, Krache I, Arrar 
L, Khennouf S, Baghiani, A. Anti-bacterial 
and β-Lactamase inhibitory effects of 
Anchusa azurea and Globularia alypum 
extracts. Res J Pharm Biol Chem Sci. 
2014;5(1):742-749. 

22. Shaikh S, Lochan R, Kaul P, Tandon GD. 
Beta-lactamase Inhibitors from Indigenous 
Herbs and Spices. Res J Pharm Biol Chem 
Sci. 2014;5(2):275-285. 

23. Omotayo OF, Borokini TI. Comparative 
phytochemical and ethnomedicinal survey 
of selected medicinal plants in Nigeria. Sci 
Res Essays. 2012;7(9):989-999. 

24. Moulari B, Pellequer Y, Lboutounne H, 
Girard C, Chaumont J-P, Millet J, Muyard 
F. Isolation and in vitro antibacterial    
activity of astilbin, the bioactive flavanone 
from the leaves of Harungana 
madagascariensis Lam. ex Poir. 
(Hypericaceae). J Ethnopharmacol. 
2006;106:272-278. 

25. Dixon RA, Dey PM, Lamb CJ. 
Phytoalexins: enzymology and molecular 
biology. Adv Enzymol. 1983;55:1-69. 

26. Denny BJ, Lambert PA, West PWJ. The 
flavonoid galangin inhibits the L1 metallo-
β-lactamase from Stenotrophomonas 
maltophilia. FEMS Microbiol Let. 
2002;208:21-24. 

27. Padmavathi M, Prasanth RV, 
Ramachandra RCSV. Inhibition of NDM-1 
in superbugs by flavonoids-an insilico 
approach. J Adv Bioinfo Appl Res. 
2012;3(2):328-332. 

28. Boussoualim N, Meziane-Cherif D, 
Baghiani A. Kinetic study of different 
flavonoids as inhibitors of beta-lactamase 
enzyme. Afr J Biochem Res. 2011;5(10): 
321-327. 

_________________________________________________________________________________ 
© 2020 Toty et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/64072 


