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Abstract

Background: Typhoid fevers and urogenital infections continue to be serious health problems in developing countries.
In our search for therapeutic agents from natural sources with potential for the treatment of typhoid fevers and urogenital
infections, extract and compounds were obtained from Crinum purpurascens and tested.

Methods: Two alkaloids (4,5-ethano-9,10-methylenedioxy-7-phenanthridone or hippadine (1) and 4,5-ethano-9-hydroxy-
10-methoxy-7-phenanthridone or pratorimine (2)) and one steroid ( # —D -glucopyranoside of sitosterol (3)) were isolated
from the CH,Cl,/MeOH (1:1) leaf extract of Crinum purpurascens and screened for antibacterial activity using both agar
diffusion and broth dilution techniques.

Results: For the CH,Cl,/MeOH extract, the MIC values obtained were 3 mg/ml (against P. aeruginosa), 4 mg/ml (against
E. coli, K. pnenmoniae and S. anrens) and 6 mg/ml (against S. #yphi and S. paratyphi B), whereas the MBC values varied
between 7 and 12 mg/ml. For compound 1, the MIC values vatied between 200 and 250 pg/ml, whetreas the MBC value
was 300 pg/ml against all the bactetia strains used. Compound 2 did not show any antimicrobial activity against these
bacteria strains. For compound 3, the MIC values varied between 250 and 300 pg/ml, whereas the MBC values were 300
pg/ml (against S. sphi and S. paratyphi B) and > 300 pg/ml (against the other bactetia strains).

Conclusion: These data suggest that C. purpurascensleaf extract contains antibacterial agents which could be used in the

treatment of typhoid fevers and urogenital infections.
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Introduction

Crinum purpurascens herb (Amaryllidaceae), known
in English as starry crinum (Morton), is a herbaceous
plant of about 90 cm height, with bulbs and leaves,
growing in humid regions of Africa '. It is often
grown for ornamental purposes >. However, in
Cameroonian folk medicine the macerated leaves
are used as anti-poison or as antidote of mystical
poisoning '. Also, an infusion of the leaves of Crinum
purpurascens is used for the treatment of some
microbial infections. Biologically active compounds
have been detected within species of the genus
Crinum; extracts and compounds obtained from
some species of Crinum have been reported to
exhibit antitumour, antifungal, antiparasitic and
insecticidal activities °.
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Typhoid, paratyphoid A and paratyphoid B
fevers are caused by Salmonella typhi, Salmonella
paratyphi A and Salmonella paratyphi B, respectively .
Typhoid fever continues to be a marked public health
problem in developing countries in general and in
sub-Saharan Africa in particular, where it is endemic
*. Non specific urogenital infections ate caused by a
variety of bacteria whose habitat is not limited to
the urogenital tract only. These bacteria are generally
commensals which become pathogenic in debilitated
persons or following a modification of their habitat
>. Among the bactetia causing non specific urogenital
infections are Escherichia coli °, Klebsiella pnenmoniae,
Psendomonas aernginosa ” and Staphylococcus anrens *.
Cases of resistance to the currently used antibiotics
have been encountered with some strains of these
bacteria 5.

In a continuation of our search for
therapeutic agents from natural sources with potential
for the treatment of typhoid fevers and urogenital
infections 3102 o alkaloids (4,5-ethano-
9,10-methylenedioxy-7-phenanthridone or
hippadine (1) and 4,5-ethano-9-hydroxy-10-
methoxy-7-phenanthridone or pratorimine (2)) and
one steroid ( # —D -glucopyranoside of sitosterol
(3)) were obtained from the extract of the leaves
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of Crinum purpurascens through bioassay-guided
fractionation. C. purpurascens was selected based on
the claims of some traditional healers and users
consulted in the area of collection, and on the results
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Materials and Methods

Plant material

The leaves of Crinum purpurascens Herb. were collected
in the West province of Cameroon, in the month
of May 2006. The authentification was carried out
at the Cameroon National Herbarium in Yaoundé,
where a voucher specimen (N° 97/SRF/CAM) is
deposited.
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of the preliminary tests. The extract and the above
three compounds were tested for their antimicrobial
activity. Compounds 1 and 2 were isolated for the
first ime from C. pratense by Ghosal et al. *°.

Test bacteria and culture media

The bacteria strains, including Salmonella typhi,
Salmonella paratyphi B, Escherichia coli, Psendomonas
aeruginosa, Klebsiella pnenmoniae and Staphylococcus anrens,
were obtained from the Medical Bacteriology
Laboratory of the Pasteur Centre, Yaoundé,
Cameroon. The culture media used, namely
Salmonella-Shigella agar (used for the isolation of
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the Salmonella species and for the screening of
contaminants when preparing the inoculums),
Mueller Hinton agar, selenite broth and tryptose
phosphate broth (used for antibacterial tests), were
obtained from International Diagnostics Group
PLC, UK.

Extraction and isolation

The leaves of C. purpurascens were chopped, dried,
ground (600 g of powder) and extracted with a
cold mixture of methylene chloride/methanol (1:1)
for 3 days. Filtration and concentration on a
rotavapor afforded 91 g (15.16%) of extract. This
extract was dissolved in distilled water, followed by
acidification with H SO, (pH 3-4) and filtration. The
residue was then further extracted with #-butanol to
obtain z-butanol extract (14 g). The acidic filtrate
was extracted with ethyl acetate to produce two
phases which were separated by decantation to
obtain a neutral extract and an acidic extract. The
acidic extract obtained was basified with 10%
NH,OH (pH 8-10) and further extracted with ethyl
acetate to produce an aqueous phase and an organic
extract. The organic extract was conserved while the
aqueous phase was further extracted with a mixture
of ethyl acetate/methanol (2:3) to yield an aqueous
and another organic phase which was then added to
the previous organic phase conserved which
constituted the alkaloid-containing fraction (9 g).

Vacuum liquid chromatography of the neutral
fraction on alumina gel (activity I1I) using a gradient
of methanol in methylene chloride (100:0; 98:2; 95:5;
90:10; 80:20; 70:30; 60:40; 40:60; 20:80 and 0:100)
gave forty-seven fractions (10 ml each), which were
concentrated and combined on the basis of TLC
profiles. Compound 1 (34 mg; coloutless solid) was
obtained from the residue of fraction 2 (0.1 g) under
further recrystallisation in pure methanol. The residue
obtained from fractions 3-7 (0.2 g) was purified on
a silica gel (60 g) column eluted with CH,Cl, (5 ml
for each fraction) to yield compound 2 (17 mg;
coloutless solid).

Vacuum liquid chromatography of #-butanol
fraction (14 g) on silica gel using a gradient of
MeOH in CH2C12 (100: 0; 98:2; 96:4; 90: 10; 85:15;
80:20; 60:40; 20:80 and 0:100) gave one hundred
and forty fractions (100 ml each), which were
concentrated and combined on the basis of TLC
profiles. Chlorophyll was removed from fraction
67-91 (obtained with CHZCIZ/MeOH (85:15 and
80:20) by gel permeation through Sephadex LH-20
(70 g), (Hex/CH,Cl,/MeOH (7:4:2) 10 ml for each
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elution). The remaining residue of the fraction 67-
91 previous was purified on a silica gel (150 g)
column using a gradient of EtOAc in n-hexane (50
ml for each fraction) to yield compound 3 (23 mg,
colourless solid). The structure of compounds 1and
2 were successfully determined using a combination
of one dimensional NMR techniques ("H and "*C),
homo and heteronuclear two-dimensional NMR
techniques ("H-"H COSY, HMBC, HMQC spectra),
and other spectroscopy methods (IR and mass
spectra). Compound 3 was identified by comparative
co-chromatography with authentic sample available
in our laboratory.

Antimicrobial bioassay

The antibacterial activity was determined using both
agar diffusion and broth dilution techniques as
previously described by Gatsing et al. °.

Agar diffusion susceptibility testing was done
using both the well and the disc methods. The well
method was used to test the CH,ClL/MeOH (1:1)
extract, whereas the disc method was used to test
the isolated pure compounds, chloramphenicol and
ciprofloxacin. On each plate containing the
appropriate agar medium already inoculated with
the test organism (100 ul of the bacteria suspension
in the broth, at the concentration of 5.10° cfu/ml),
equidistant wells (of 6 mm diameter) were bored
using a cork borer. The bottom of each well was
sealed with a drop of molten agar. The wells were
filled with 100 pl of the solution (40 mg/ml) of
the extract dissolved in DMSO. For the disc method,
a disc of blotting paper was impregnated with 10
ul of a 20 mg/ml solution of each pure compound
dissolved in DMSO. Thus, the disc potency was
200 pg for each compound. Ciprofloxacin (5 pg)
and chloramphenicol (30 pg) were used as the
standard drugs for urogenital infection bacteria and
typhoid fever bacteria, respectively. After drying, the
disc was placed on a plate of sensitivity testing agar
inoculated with the appropriate test organism. The
petridishes were left at room temperature (25 * 2
°C) for about 45 min to allow the extract ot the
compounds to diffuse from the well/disc into the
medium. They were then incubated at 37 °C for 24
h, after which the zones of no growth were noted
and their diameters recorded as the zones of
inhibition.

For the broth dilution susceptibility testing,
the solutions (maximum concentration) of the
extract and pure compounds were prepared in
DMSO, diluted following an arithmetic progression
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by the amount of 1 (for the extract) and 25
(for the compounds), and 0.5 ml of each dilution
was introduced into a test tube containing 4.4 ml
of selenite broth or tryptose phosphate broth; then
0.1 ml of bacteria suspension (5.10° cfu/ml) was
added and the mixture was homogenized. The total
volume of the mixture was 5 ml, with the extract
concentrations in the tube ranging from 20 to 1
mg/ml, those of the test-compounds ranging from
300 to 25 pg/ml, and those of the standard drugs,
i.e. ciprofloxacin and chloramphenicol, ranging
from 20 to 1 ng/ml. After 24 h of incubation at 37
°C, the MIC was reported as the lowest
concentration of antimicrobial that prevented visible
growth. The MBC was determined by sub-culturing
the last tube showing visible growth and all the tubes
in which there was no growth on already prepared
plates containing Mueller Hinton agar medium. The
plates were then incubated at 37 °C for 24 h and
the lowest concentration showing no growth was
taken as the MBC.

Results

The CH,Cl,/MeOH extract was initially tested
against Escherichia colz, Pseudomonas aernginosa, Klebsiella
prnenmoniae, Staphylococcus aurens, Salmonella typhi and
Salmonella paratyphi B. This extract showed a
remarkable activity against P. aeruginosa, K. pneumoniae,
S. aurens, E. coli, S. typhi and S. paratyphi B, as shown
by the diameters of zones of inhibition. Thereafter
the CHZCIZ/MGOH extract was fractionated and
purified to yield mainly two alkaloids (4,5-ethano-
9,10-methylenedioxy-7-phenanthridone or hippadine
(1) and 4,5-ethano-9-hydroxy-10-methoxy-7-
phenanthridone or pratorimine (2)) and one steroid
( § —D-glucopyranoside of sitosterol (3)) which were
also tested against all the six bacteria strains. The data
obtained from the diffusion sensitvity test showed
that compound 1 (at 200 pg) was active against all
except P. aernginosa and K. pneumoniae, whereas
compound 3 was active against all the six bacteria
strains. Compound 2 did not show any antimicrobial
activity against the bacteria strains used (Table 1).

Table 1: Diameters of inhibition of the bacteria by the CH,Cl,/MeOH extract and compounds

isolated from Crinum purpurascens leaves

Extract/compound Well/disc Bacteria and diameters of zones of inhibition (mm)
Potency* EC PA KP SA ST SPB

CHZCIZ/ MeOH extract 4 mg 20 17 17 17 25 22

Compound 1 200 pg 7 NA NA 7 8 7

Compound 2 200 pg NA NA NA NA NA NA

Compound 3 200 pg 9 7 8 8 8

Ciprofloxacin 5ug 22 21 22 23 NT NT

Chloramphenicol 30 ug NT NT NT NT 18 20

*The CH,CI, /MeOH extract was tested using the well method, whereas the compounds isolated (1, 2 and 3), chloramphenicol

and ciprofloxacin were tested using the disc method.

EC= Escherichia coli; PA=DPseudomonas aeruginosa; KP=Klebsiella pneumoniae; SA= Staphylococcus aurens; ST=Salmonella typhi;
SPB=Salmonella paratyphi B; NT = Not tested; NA = Not active.

The antimicrobial activity of the extract and pure
compounds was further studied using broth dilution
technique in order to determine the MIC and MBC
values (Table 2). For the CH,Cl,/MeOH extract, the
MIC values were 3 mg/ml (against P. aeruginosa), 4
mg/ml (against E. coli, K. pnenmoniae and S. aurens)
and 6 mg/ml (against S. #phi and S. paratyphi B),
whereas the MBC values varied between 7 and 12
mg/ml. For compound 1, the MIC values were 200
ug/ml (against K. preumoniae and S. aurens) and 250
ug/ml (against E. coli, P. aeruginosa, S. typhi and §.
paratyphi B), whetreas the MBC value was 300 pg/
ml against all the bacteria strains used. Compound 2
still did not show any antimicrobial activity against
the bacteria strains tested. For compound 3, the MIC
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values were 250 pug/ml (against K. preumoniae, S. typhi
and S. paratyphi B) and 300 ug/ml (against E. coli, P.
aeruginosa and S. aurens), whereas the MBC values
were 300 pug/ml (against S. #phi and S. paratyphi B)
and > 300 wg/ml (against E. coli, P. aeruginosa, K.
prenmoniae and S. anreus).

Discussion

Among the three compounds isolated from C.
purpurascens CH,Cl,/MeOH leaf extract, 1 and 3
were the only compounds found to exhibit
antimicrobial activity against the bacteria used.
Compound 2 did not show any antimicrobial activity
against these bacteria strains. From the structures of
1and 2, it can be seen that compound 2 differs from
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1 only by the opening of methylenedioxy cycle (in
C, and C, ) which yields the methoxy group in C, |
and hydroxyl group in C, Therefore, the activity of
compound 1 may be attributed the
methylenedioxy (-O-CH_-O-) cycle in its structure.
Antimicrobial substances are considered as
bactericidal agents when the ratio MBC/MIC < 4
and bacteriostatic agents when the ratio MBC/MIC
> 4 34131416 For the extract, compounds 1and 3, the
ratio MBC/MIC < 4 (Table 2), suggesting that they

to

may be classified as bactericidal agents. Besides, the
compounds 1 and 3 showed activity against both
Gram-negative rods (e.g. K. pnenmoniae, P. aeruginosa,
E. coli, S. typhi and §. paratyphi B) and Gram-positive
cocci (e.g. S. aurens), indicating that these substances
may be large spectrum antibacterials.

Compounds 1 and 3 were, however, about
150 times less active than ciprofloxacin and about
100 times less active than chloramphenicol (Table
2).

Table 2: MIC and MBC values of the CH,Cl,/MeOH extract and the isolated compounds against

the bacteria used

Extract/compound  Parametets Bacteria strains
EC PA KP SA ST SPB
CH,Cl,/MeOH extract MIC (mg/ml) 4 3 4 4 6 6
MBC (mg/ml) 8 7 10 7 12 10
MBC/MIC 2 35 2.5 1.75 2 1.66
Compound 1 MIC (ug/ml) 250 250 200 200 250 250
MBC (ug/ml) 300 300 300 300 300 300
MBC/MIC 1.2 12 1.5 1.5 1.2 1.2
Compound 2 NA NA NA NA NA NA
Compound 3 MIC (ug/ml) 300 300 250 300 250 250
MBC (ug/ml) >300 >300 >300 >300 300 300
MBC/MIC ND ND ND ND 1.2 1.2
Ciprofloxacin MIC (ug/ml) 2 2 2 2 NT NT
MBC (ug/ml) 5 5 8 5 NT  NT
MBC/MIC 2.5 2.5 4 2.5 ND ND
Chloramphenicol MIC (ug/ml) NT NT NT NT 2.5 2.5
MBC (ug/ml) NT NT NT NT 20 20
MBC/MIC ND ND ND ND 8 8

EC= Escherichia coli; KP=Klebsiella pnenmoniae; ST=Salmonella typhi; PA=Psendomonas aeruginosa; SA= Staphylococcus anreus;
SPB=Salmonella paratyphi B; NT = Not tested; NA= Not active; ND= Not determined; MIC= Minimum Inhibitory
Concentration; MBC= Minimum Bactericidal Concentration

Conclusion

All these results suggest that the C. purpurascens
CH,Cl,/MeOH leaf extract, compounds 1 and 3
have antibacterial properties, and could be developed
into remedies for the treatment of typhoid fevers
and urogenital infections. Also, the activity of
compound 1 may be attributed the
methylenedioxy (-O-CH,-O-) cycle in its structure.
However, in vivo antityphoid properties and the
toxicity of these extract and compounds should be
evaluated in a further study to ascertain the
therapeutic efficacy and the safety of these natural

to

products.

Acknowledgement

We acknowledge the International Foundation for
Science (IFS) and the Organisation for the Prohibition
of Chemical Weapons (OPCW) for their support

268

(grant N° F/3974 -1 to D. Ngamga). We also wish
to express our gratitude to Dr (Mrs) Fonkoua M.
Matie-Christine, Medical Microbiology Laboratory,
Pasteur Centre, Yaounde, Cameroon, for her co-
operation.

References

1. Noumi E. Animal and plant poisons and their
antidotes in Eseka and Mbalmayo regions,
Centre province, Cameroon. Journal of
Ethnopharmacology 2004; 93: 231-241.

2. Nordal I. Amaryllidaceae. Flore du Gabon. Paris:
Laboratoite de Phanérogamie; 1996; 16: pp 23-
29.

3. Gatsing D, Mbah JA, Garba IH, Tane P, Djemgou
P and Nji-Nkah BE. An antisalmonellal agent

African Health Sciences Vol 9 No 4 December 2009



from the leaves of Glossocalyx brevipes Benth
(Monimiaceae). Pakistan Journal of Biological S ciences
2006; 9(1): 84-87.

4. Gatsing D and Adoga GI. Antisalmonellal activity
and phytochemical screening of the various parts
of Cassia petersiana Bolle (Caesalpiniaceae).
Research Journal of Microbiology 2007; 2(11): 876-
880.

5. Cheesbrough M. Medical Laboratory Manual for
Tropical Countries: Microbiology. ELBS
Edition; 1991: pp. 196-205.

6. Geo FB, Janet SB, Ornston LN, Jawetz E, Melnick
JL and Edword AA. Jawetz, Melnick and
Adelberg’s Medical Microbiology. 19" edition.
Prentice-Hall International Inc. 1991; pp. 152-
157.

7. Douglas SJ and Timbury MC. Note on Medical
Bactetiology. 5" edition. Chutchill Livingstone;
1998: p482.

8. Berche P. Collection de Biologie Clinique.
Bactériologie des Infections. Ed. Medecin-
Sciences Flammarion 1989; pp 106-108.

9. Aliyu R, Gatsing D and Umar HS. Antimicrobial
activity and phytochemical sceening of the leaves
of Commiphora africana. West Afr. J. Biol. Sei. 200;
13: 75-80.

10. Teponno RB, Tapondjou AL, Gatsing D,
Djoukeng JD, Abou-Mansour E, Tabacchi R,
Tane P, Stoekli-Evans H and Lontsi D.
Bafoudiosbulbins A, and B, two anti-salmonellal
clerodane diterpenoids from Dioscorea

African Health Sciences Vol 9 No 4 December 2009

bulbifera L. var safiva. Phytochemistry, 2006; 67:
1957-1963.

11. Djemgou PC, Gatsing D, Kenmogne M, Ngamga
D, Aliyu R, Adebayo AH, Tane P, Ngadjui BT,
Seguin E and Adoga GI. An antisalmonellal
agent and a new dihydroanthacenone from
Cassia petersiana. Research Journal of Medicinal Plant
2007; 1(2): 65-71.

12. Gatsing D, Aliyu R, Meli WB, Adoga GI and
Tchouanguep MFE. Phytochemical profile and
antisalmonellal properties of Alium sativun bulb
extract. West Afr. J. Biol. Sci., 2003; 14: 29-30.

13. Gatsing D, Djemgou PC, Garba IH, Aliyu R,
Tchuendem MH, Tane P, Ngadjui BT, Seguin E
and Adoga GI. Dihydronaphtalenone and
chromone from Cassia petersiana Bolle and the
antisalmonellal activity of its crude extract.
Research Journal of Phytochemistry 2007a; 1(1): 40-
45,

14. Gatsing D, Nkeng EAP, Kuiate J-R and Adoga
GI. Antisalmonellal properties and acute toxicity
study of Erythrina klainei Pierre (Fabaceae) bark
extracts and fractions. Research and Reviews in
BioSciences, 2007b; 1(1): 35-41.

15. Ghosal S, Rao PH, Jaiswal DK, Kumar Y and
Frahn AW. Alkaloids of Crinum pratense.
Phytochemistry, 1981; 20: 2003-2007.

16. Carbonelle B, Denis F, Marmonier A, Pinon G
and Vague R. Bactériologie Médicale :
Techniques Usuelles. Paris: Edition SIMEP;
1987: pp. 228-282.

269



