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The presence of antibacterial compounds in Anthocleista grandiflora (Loganiaceae) 
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In response to an unpublished report that Anthocleista grandiflora extracts had antimicrobial activity, leaves were 
dried, extracted and fractionated by a mild liquid/liquid extraction process into six fractions. Activity of components 
separated by thin layer chromatography was tested by bioautography using Staphylococcus aureus, Pseudomonas 
aeruginosa and Bacillus subtilis as test organisms. Growth of all three organisms were inhibited by compounds in the 
ch loroform and carbon tetrach loride soluble fractions. One or two compounds had a high degree of inhibition. Up to 
eight other compounds with a lower level of inhibition were also separated. There was little or no activity in the highly 
polar (water) or non-polar (hexane) fractions. 
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Introduction 
Due to the increasing resistance of bacterial isolates for antibiot
ics, efforts to find alternative antimicrobial components have 
been intensified (Berkowitz 1995). Leggiadro (1995) stated that 
effective regimens may not be available to treat some enterococ
cal isolates and that it is critically important to develop new anti
microbial compounds for these and other organisms before we 
enter the post-antibiotic era. Many scientists have consequently 
inves tigated plants for the presence of antimicrobial components. 
Much effort went into screening plants used medicinally in dif
ferent regions e,g. Rwanda (V lietinck e/ ai, 1995), Nepal (Taylor 
el ai, 1995) and southern Mexico (Meckes el at. 1995 ), 

The pharmaceutical company Noristan has also been doing 
research on South African medicinal plants for a number of years 
(Fourie ef at. 1992). Hundreds of plants were screened for sev
eral parameters includ ing ant imicrobial activ ity. After the 
Noristan programme was terminated due to a change in manage
ment policy, we started a research programme on an timicrobial 
components in plants. The Noristan scientists provided us with a 
list of promising plants as far as antimicrobial activity was con
cerned (Dr T.G. Fourie, personal communication). Anlhoc1eisfa 
grandiflora leaf extracts had a significant antimicrobial activity 
against Sfaphylococcus aureliS and a slight activ ity against Strep
tococcus pyogenes strains in a preliminary screening and we 
decided to investigate this plant in more detail. 

An fhoc/eis fa grandiflora Gilg (Loganiaceae), the forest fever 
tree, is a tall s lender tree 6 to 30 m in height with large leaves and 
grows in rainfall forests at a medium to low altitude in 
North-eastern South Africa, Swaziland and Zimbabwe. A decoc
tion of the leaves is used as a remedy for malaria and the bark is 
chewed to relieve diarrhoea (Palgrave 1983). 

No published reports of antimicrobial act ivity of th is plant 
were found , but seed and bark of A. djalonensis. A. fl obi/is and 
A. procera have been used for antipyretic, stomachic and purga
tive action and a decoction of A. nobilis leaves is used as a rem
edy for ep ilepsy (Watt 1967) and as a diuretic (Oliver-Bever 
1986). The seed and bark of A. vagelii has ant ipyret ic, tonicum 
and laxative activity and contains oxidised xhanthones (Ghosal 
et at. 1973), 

Various authors have isolated swertia macroside or swertiamin 
(bitter monoterpenic heteroside), anthoc1eistin (a triterpene pen
tacyclic acid) and gentian in from A. procera (Ol iver-Bever, 
1986). A. nobilis is used against liver diseases, malaria and gas
tro-intestinal worms in Nigeria and anthocleistol (a secoiridoid) 
was isolated from it (Madubunyi el ai, 1994). Djelonelol, a new 

mono terpene diol was isolated from A, dja/onensis (Onocho ef 
01, 1995) . 

With the exception of gentian in , the antimicrobial activ ity of 
these isolated compounds was apparently not investigated. Gen
tian in, however, had no effect on S. aureus, Bacillus suhlilis or 
several other micro-organisms although it had analgesic, anti hi s
tamine and anti-inflammatory activity (Ghosal el al. 1973). 

This study was undertaken to fo llow lip on the report of anti
microbial ac tivity of A. grandif/ora leaf extracts and to attempt 
to isolate the act ive component(s) using th ree test organisms also 
used by many other authors. 

Materials and Methods 
Leaves were collected from a tree on the campus of the Univc:rsity of 
Pretoria. Prof A.E. van Wyk. Curator of the Albert Scweicker Her
barium. Univers ity of Pretoria confi rmed the identity of the tree. A 
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Figure 1 The procedure used for the solvent/solvent fraction
ation of the components in the A. grandiflora extract. 
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Table 1 The inhibition of B. subtilis growth by different fractions of A. grandiflora separated 
by TLC with choloroform:acetone 2: 1 as eluant. R, values of active components and relative 
degree of inhibition are shown (X = slight inhibition, XXXX = very high inhibilion) 

Rr Inh ibit. Rr Inhibit. Rr Inhibit. Rr Inhibit. Rr Inhibit. 

0.82 XX 0.80 XX 0.82 XX 

0.74 XXXX 0.73 XX 

0.69 X 

0.63 X 

0.58 X 

OA5 X 

0.33 X 

0.1 1 XX 

0.15 X 

0.02 XXX 0.02 XX 0.02 XX 

35% \V in McOH n-BuOH Chlororonn Carbon tetrachloride IIl.!xanc 

voucher spccimc:o , Eloff 50 1 ( PRU), is depos ited in Ihi s herbarium . 
Ll.!avcs we re dried in the s hade 0.1 room temperature or freeze

dr ied overnight. Stems and thick vei ns wert! removed bdore grind
ing to a tine powder in a hammer milL Five different portions of the 
the powder \\l.! fC extracted for 2 hours on a shaking machine respec
tively with acetone, ethanol, methanol :mcthyh.:ncdichloride 1:1 
(MMDC), methanol and a one-phase mixture of methanol:chloro
form:watcr 12:5:3 (MeW) (Merck technical grade). The extractant 
10 ory weight ratio was 10: I . The process was repeated Iwo more 
times and the extracts were combined. 

r urthcr work was done only on the MCW-exlrac!. The exlract was 
fract ionated by a variation of the solvent/solvent group separation 
procedure used by the USA National Cancer Institu te as described 
by Suffness and Douros (1979). The protocol is illustrated in rigure 
I. The combined MCW e~tract was separa ted into two frac tions by 

add ing 1/(, oflhe tOl al vo lume of methanol and 1/4 ortbe total volume 
of water. T he water fract ion was extracted with an equa l volume of 
n-hu lanol in a separatory funnel to yield the water and butano l frac-

lions. The ch loroform fraction was taken to dryness in a rotary evap
orator unde r red uced pressure and d issolved in a I : 1 mixture of 
hexane and 10% water in methanol. The hexane fraction was reeov
cn:d with a separatory funnel. The 10% water in methanol extract 
was diluted to 20% watcr in methanol and extracted with carbon 
tetrachloride to yicld the carbon tetrachloride fraction. The 20% 
watcr in methanol extract was diluted to 35% methanol in water and 
ex tractcd \\lith chloroform to yield Ihe chlorofonn fract ion and the 
35% water in methanol fractions. In all cases equa l volumes of the 
solvents wt!re used and the extract ion was repeated with a small vol
ume three more times or until all the colour was ext racted. All 
extracts were takcn to dryness in a rotary evaporator under reduced 
pressure. Extracts \vere dissolved in acctone or an acetone water 
m ixture before chromatography. 

Thin layer chromatography (10 III of extract adjusted to c. 100 
mg extract/ml so lut ion) was on Merck TLC F254 plates with meth
ylcned ichloride:acetonc 2:3 or chloro rorm:acetone 2: I as eluant. 
Separated compollt!nts were visual ised under visible and ultra-violet 

Table 2 The inhibition of P. aeruginosa and S. aureus growth by different fractions of A. 
grandiflora separated by TLC with chloroform :acetone 2:1 as eluant. R, values of active 
components and relative degree of inhibition shown (X = slight inhibition, XXXX = very 
high inhibition) 

P.aeruginosa S.aureus 

Rr Inhibit. Rr In hibit. Rr Inhibit. Rr Inhibit. Rr Inhibi t. 

0.80 XXXX 0.79 XXXX 0.84 X 0.83 X 0.80 XXX 

0.72 XXXX 0.69 XXXX 0.75 XXX X 0.74 XXX 

0.66 XX 0.70 X 

0.6 1 X 0.62 X 

0.54 XX 0.56 XXX 0.50 X 

0.46 XX OA5 XX 

0.39 X 

0.31 X 

0.24 XX 0.26 X 

0.16 X 0. 18 XX 0.12 X 

Chlorofonn Carbon tetrachloride Hexane Chlorofonn Carbon tetrachloride 
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ACN MeOH EtOH MCWT MCWS Moe H20 

Figure 2 Bioautogram of differen t extracts of ./1 . grandiflora leaf 
powder. TLC plate developed in acctone:mcthylencdichloride 2:3, 
dried, sprayed with S allreus ce ll suspension, incubated and 
sprayed with INT. Colou rl ess areas denote inhibition of bacterial 
grO\vth . Lanes from left to righ t ex tracted \\lith acetone. methanol , 
ethanol. MeW upper and lower phase of concentrated extrac t, 
mcthylt:llcdich loride. Lines indicate fluoresc ing compounds. 

light (254 and 360 nm, Camac Universal UV lamp TL~600) and with 
iod ine vapour. 

The bioautography procedure dC!-icribcd by Begue and Kline 
(1972) was used. Chromatography plates were dried overnight and 
sprayed wi th a concentrated suspension of actively growing cells of 
Staphylococcus al/reas (ATeC 29213), Pseudomonas aeruginosa 
(ATeC 25922) or Bacillus subti{is, before being incubated overnight 
at 38°C in a chamber at 100% relative humidity. Plates were sprayed 
with a 2 mg/ml solution of p-iodonitrotetrazolium vio let (S igma 
Chemicals). Inhi bition of growth was indicated by clear zones on the 
chromatogram after incubating for one hOUT. 

Results and Discussion 
No differences could be detected in the TLC chromatograms of 
extracts from freeze-dried or air dried leaf material. Acetone, 
methanol, MDe and MeW ext racted simi lar quantities of an 
inhibitor for S Ollreus (Figure 2). Ethanol extracted less of the 
inhibitor with the same Rf value and a water control extracted no 
inhibiting components from the dried leaf powder (results not 
shown). Concentrat ing the MCW extract led to a phase separa-
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tion and all of the activ ity was in the organic phase. For the 
experiments described in this paper only MCW was used 
because it facilitated the subsequent handling of the extracts. In 
experiments carried out subsequently in which many different 
parameters were evaluated, however, acetone was found to be 
the best solvent (Eloff 1998). 

No problems were experienced with the solvent/solvent frac
tionation process. The acetone:chloroform TLC system gave bet
ter separation of components over a wide range ofRfvalues and 
was used for analysing the different fractions. The bioautography 
technique worked better wi th the S. aureliS than with the B. sllbti
lis or the P. aeruginosa cultures because zones of inhibition were 
clearer. Nevertheless the presence of growth inhibitors could be 
ascertained with all three cultures (Tables I and 2). 

Because high concentrations of the extracts could be chroma
tographed, additional inhibitors were found in the bioautography 
of the different fractions . Most of the biological activity was in 
the chloroform and carbon tetrachloride fractions wi th all of the 
test organisms. There was little or no activity in the more polar or 
non-polar fractions. Only in the case of B. sllbtilis, was there any 
activity visible in the more polar fractions. The bioautography 
technique has a drawback in that coloured compounds may mask 
the growth inhibition of the bacteria. Some of the more polar 
components have a ye llow or brown colour and it is possible that 
some of these compounds may also inhibit the growth of one or 
more of the test organisms because the colour may mask the 
absence of a reaction of the bacteria with the INT in the bio
autography. In subsequent experiments wi th COmbl'etlim ery/h
rophyllllm extracts, this did in fact happen (Mart ini & Eloff 
1998). 

The solvent/solvent fractionation did not separate the bioac
ti ve components well between the carbon tetrach loride and the 
chloroform fractions. These two components represented 0.5 and 
0.9% of the original dry weight indicating that many non-active 
components were removed by this mild procedure. When scal ing 
up this procedure to isolate the ac tive components, it makes 
sense to combine the CT and CF ext rac ts by d iluting the 10% 
water in methanol directly to 35% water in methanol. Most of the 
act ivity should be in the lower organic phase. 

The Gram-negative organism P. aeruginoso was in hibited to a 
higher degree than the two Gram-positive organi sms S aureus 
and B. subtilis. A compound with a similar Rfvalue (0.72-0.75) 
was the most act ive to all three bacte rial isolates. In addition to 
this there were up to 8 other components that separated in the 
TLC system and inhib ited the growth of one or more of the test 
organisms. 

The procedure that was developed used mild techniques and 
provides useful preliminary information on the diversity of the 
bioactive components present and also of the pol arity of these 
compounds. The results confirm the observation by the Noristan 
scientists that A. grandijlora leaves contain antimicrobial inhib i
tors. Attempts are under way to isolate and to chemically and 
microbiologically characterise some of these compounds. In itial 
results indicate that the compound with the highest activity may 
be unstable under the conditions subsequently used for isolation 
andlor storage. 
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