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Antiplasmodial activities of
some abietane diterpenes
from the leaves of five
Plectranthus species

R.L.van Zyl', F. Khan’, T.J. Edwards® and
S.E. Drewes’”

Seven known abietane diterpenes were isolated from five
Plectranthus species, namely P. hadiensis, P. lucidus, P. ecklonii,
P. purpuratus subsp. purpuratus and P. purpuratus subsp.
tongaensis. The seven compounds were tested for their antiplas-
modial activity and for their ability to inhibit 5-haematin formation.
Overall, they showed good activity (IC,, values ranging from 3.11 to
14.65 uM), with one compound being 62% as effective as chloro-
quine in inhibiting f-haematin formation. However, the cytotoxicity
profile indicated a low degree of specificity towards the malaria par-
asite. When combined with quinine, three compounds interacted in
an additive manner whereas one interacted synergistically.

Introduction

Itis estimated from recent studies that atleast 300 million cases
of malaria occur worldwide,"” resulting in millions of deaths
every year. Our motivation to investigate the genus Plectranthus

(Lamiaceae) as a possible source of antiplasmodial compounds

has been influenced by three interrelated observations pub-

lished in recent literature:

(a) Of the known species in the genus (350 in Africa, of which 53
occur in South Africa and Namibia), many have been tested
worldwide for a variety of purposes. For example, they are
effective against many harmful bacteria,’ have an anti-
proliferation effect on human lymphocytes,’ can control
insect feeding habits,’ and are good insect repellents.®

(b) In African traditional medicine, 45 species of Plectranthus
have received attention, amongst others, for treatment of
gastro-intestinal disorders,” as anti-microbial agents,® for the
treatment of wounds,’ the alleviation of respiratory condi-
tions" and for malaria.”"" "

(c) Inarecentreview,” the statement is made that several of the
compounds from Plectranthus, that have high anti-microbial
activities, also possessed good antiplasmodial properties.

These three observations, coupled with recent findings'
that certain species of Plectranthus, notably P. hadiensis, have
extremely high anti-fungal and anti-bacterial activity, have been
the driving force for the present investigation.

Experimental
See Appendix.

Results and discussion

The antiplasmodial activities against a chloroquine-resistant
strain of Plasmodium falciparum and the inhibitory effects of the
seven abietane diterpenes (1)—(7) (Fig. 1) on -haematin forma-
tion as well as their toxic effects are shown in Table 1. Relative to
chloroquine and quinine, the seven compounds were less active,
but showed significant activity in inhibiting the formation of
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Fig. 1. Chemical structures of seven abietane diterpenes isolated from indigenous
South African Plectranthus species.

p-haematin. These compounds (1), (4) and (7) were more active
than quinine. As can be seen from the isobolograms (Fig. 2),
when combined with quinine, compounds (4), (5) and (7) inter-
acted in an additive manner, whereas compound (1) interacted
synergistically. To ensure clarity in Fig. 2, the results obtained
from (4) and (7) were notincluded as they overlapped the results
obtained for (5).

While the activities of our abietane diterpenes (Table 1) may
not be as high as previously reported plant metabolites, they
display potential pharmacological activities worthy of further
investigation. Until this study, the only reported anti-protozoal
activity of abietane diterpenes is that of 7-hydroxy-12-methoxy-
20-nor-abieta-1,5(10),7,9,12-pentaen-6,14-dione and abieta-
8,12-dien-11,14-dione against the amastigote form of Leishmania
donovani and L. major.” The IC, values for the latter two abietane
diterpenes of 170- and 120-nM against L. donovani amastigotes
are regarded as ‘appreciable’ by the authors. When compared to
the control drug, sodium stibogluconate (IC,;: 10.6 nM) thereisa
15-fold decrease in activity with the abietane diterpenes. By
comparison, our three best IC,, results [from (4), (1) and (7)]
against Plasmodium falciparum were 3.11, 4.59, and 4.74 uM,
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Table 1. Antimalarial activity, 5-haematin inhibition, toxicity and safety index for compounds (1)—(7).

Compound No. Antimalarial activity (uM)

p-Haematin inhibition

Toxicity activity (uM) Safety index®

IC,, s.d. n Haematin: Haematin: Drug IC,, ratio n IC,, s.d. n
Drug IC,,ratio relative to chloroquine
1 4.6 0.5 4 6.4 0.5 4 16.6 4.7 5 3.6
2 29.2 1.2 4 22 0.2 3 17.7 4.6 3 0.6
3 5.3 0.5 3 1.7 0.1 3 3.5 0.2 3 0.6
4 3.1 0.4 3 8.5 0.6 5 6.9 0.9 3 22
5 6.0 0.4 3 2.0 0.2 4 27.4 3.6 3 45
6 14.7 1.4 4 22 0.2 3 34.0 6.2 4 2.3
7 4.7 0.3 4 5.8 0.4 4 16.9 5.7 3 3.6
Chloroquine 0.1 0.01 6 13.7 1.0 9 243 10 3 2098
Quinine 0.1 0.01 6 4.3 0.3 9 377 11 3 3950

“Safety index = ICy, (toxicity activity)/ICs, (antimalarial activity).
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Fig. 2. Combined effect of compounds (1) and (5) with the standard antimalarial
agent, quinine.

respectively, and when compared to chloroquine were approxi-
mately 35-fold less active (Table 1). The weakest result was for (2)
with an IC,, of 29.20 uM.

The lipophilic nature of our abietane diterpenes (1)-(7) enables
easy transport across the erythrocytic and parasitic membranes
to accumulate in the parasitic food vacuole. The inhibitory effect
of our compounds appears to relate to their ability to prevent the
formation of f-haematin. This is an important effect, because the
malaria parasite degrades haemoglobin and the released haem,
which is toxic to the parasite, is normally converted to the inert
malaria pigment, f-haematin.”® As can be seen in Table 1, com-
pounds (1), (4) and (7) are more effective than quinine, and
compound (4) is 62% as active as chloroquine.

Most of the diterpenes are known to combine high anti-
protozoal activity with high toxicity for mammalian cells (such
as kidney epithelial cells) (Table 1), hepatoma cells, as well as
colonic carcinoma cells.” The unfavourable safety indices
(Table 1) imply that our compounds are poor candidates for
development as antimalarial agents. However, the selective
antiprotozoal action that inhibits f-haematin formation differs
enough from its toxic mode of action (* = 0.097) to an extent that
appropriate formulations and analogues of compound (4) could
retain or enhance antimalarial activity, while reducing toxicity.
This particular approach has been successfully applied with the
improved potency of the 2,7-dibromo analogue of crytolepine,
along with decreased in vivo toxicity.”

Conclusions

These particular findings, coupled with the general statement
by the Kew group” that too little is known about the chemistry of
other (excluding forskolin) species of Plectranthus to explain their
traditional uses, emphasizes that the results presented here are
only a start of a research direction. This involves the approach

of using natural products as model compounds for chemical
modification,” ideally increasing anti-parasitic activity, while
decreasing toxicity.

A concern is the possibility of interactions between traditional
medicines and commonly used antimalarial agents, particularly
because these interactions are thinly documented. It is possible
that patients taking traditional medicines for the treatment or
prevention of malaria could be hospitalized and also administered
conventional antimalarial agents such as quinine. Therapeutic
failure could be possible if the two treatments interact antagonis-
tically, as has been observed between Aspilia africana and
artemisinin.*® However, the interactions observed between
quinine and the diterpenoids (4), (7) and (5) are found to be
additive; whilst a synergistic interaction has been observed
between quinine and compound (1). This latter interaction is of
therapeutic importance due to the rapid development of drug
resistance, and the necessity to administer two or more agents
concurrently, in order to achieve a desired therapeutic goal.
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Appendix

Experimental

General experimental procedures. The NMR spectra were recorded in
CDCl, on a Varian Gemini spectrometer operating at 500 MHz for 'H
and 125 MHz for "C, respectively. Silica gel was used for flash column
chromatography. TLCs were run on Merck Sig, F,;, plates and visualized
by heating after dipping with anisaldehyde solution in ethanol/H,SO,.

Chemicals and biochemicals. Chloroquine diphosphate, quinine hydro-
chloride and haemin were from Sigma-Aldrich (South Africa);
*H-hypoxanthine from Amersham Biosciences (South Africa) and
3-[4,5-dimethyl-2-thiazol-yl]-2,5-diphenyl-2H-tetrazolium bromide
(MTT) from USB (AEC Amersham, South Africa). Quinine and
chloroquine were used as the reference antimalarial agents.

Plant material. Plants were collected from the University Botany
Garden on the Life Sciences Campus of the University of KwaZulu-
Natal. Plantidentification was done by a co-author (T].E.). Voucher spec-
imens were deposited at the Bews Herbarium of the university under
the name of TJ. Edwards. The five species of Plectranthus used in this
study are decorative plants, and are cultivated in many household
gardens in South Africa.

Extraction and isolation. Air-died leaves from Plectranthus hadiensis,
P lucidus, P. ecklonii, P. purpuratus subsp. purpuratus, P. purpuratus subsp.
tongaensis were powdered and extracted with CH,Cl, and separated on
preparative silica gel columns (Merck silica gel 60, 0.04-0.06 mm) with
CH,CL-EtOAc 10:1 as eluent. In a typical case, e.g. P. ecklonii, 100 g dry
leaf extract yielded 1.1 g of orange powder, which, after separation on the
column, yielded 180 mg of (4) and 230 mg of (5). These required one
further separation on the Chromatotron (centrifugal TLC) for best
purity. All seven compounds isolated in the present investigation are
known, and their structures unequivocally determined. Comparison
with published 'H and *C NMR spectra® 2! were used to confirm identi-
ties. The X-ray structures of compounds (1), (2) and (3) were elucidated,
additionally, to further confirm molecular structural identity.

The two compounds from P. hadiensis, (1) and (2), were first isolated by
Eugster and his co-workers®* from P, myrianthus (now P hereroensis) and
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ascribed the systematic names 7a-formyloxy-63,12-dihydroxy-abieta-
8,12-diene-11,14-dione and 7a-acetoxy-6f3,12-dihydroxy-abieta-8,12-
diene-11,14-dione, respectively. The two compounds from P. ecklonii (3)
and (4) were first isolated in 1978 by Eugster® from P. parviflorous (now
P. strigosus) and designated as parviflorone D and parviflorone F,
respectively. Systematically their names are 11-hydroxy-2a-(4-hydroxy-
benzoyloxy)-abieta-5,7,9(11),13-tetraene-12-one and 11-hydroxy-2a-
(3,4-dihydroxybenzoyloxy)abieta-5,7,9(11),13-tetraene-12-one, respec-
tively. From P. lucidus we isolated (3) (above) and (5), 11-hydroxy-
19-(methyl-buten-2-oyloxy)-abieta-5,7,9 (11),13-tetraene-12-one.”*

P. purpuratus subsp. purpuratus afforded (5) and from P. purpuratus
subsp. tongaensis (6), 11-hydroxy-19-(4-hydroxy-benzoyloxy)-abieta-
5,7,9(11),13-tetraene-12-one, and (7), 11-hydroxy-19-(3,4-dihydroxy-
benzoyloxy)-abieta-5,7,9(11),13-tetraene-12-one were obtained.”

Antimalarial assay. A chloroquine-resistant strain of Plasmodium
falciparum (FCR-3) was continuously maintained in vitro.”® The
antimalarial activity of the isolated compounds was determined using
the tritiated hypoxanthine incorporation assay.* Briefly, a parasite
suspension, consisting predominantly of the ring stage, was adjusted to
0.5% parasitaemia and 1% haematocrit and plated out with a range of
concentrations of the isolated compounds. After 24 h, labelled
*H-hypoxanthine was added and the DNA harvested on glass-fibre filter
paper with a semi-automated cell harvester. The concentration that
inhibited 50% of the parasite growth (IC;, value) was estimated from the
log sigmoid dose-response curve that was generated by the Enzfitter®
software.

The antiplasmodial activities of the abietane diterpene and quinine
combinations were determined at various concentration ratios based on
their individual IC,, values. The concentration range for quinine was
between 0.1 and 500 nM, and for the abietane diterpenes between 0.1
and 50 uM. The combination ratio of quinine: abietane diterpenes was
arbitrarily set between 0.5: 0.1 and 0.001: 35.% The ICy, values for the
combined drugs were determined using the tritiated hypoxanthine
incorporation assay. The nature of the interaction between the two
compounds was determined from the isobologram such that points
lying above or below the straight diagonal line indicate either an antago-
nistic or synergistic interaction, respectively. Points lying on the straight
line indicate that the combination of the two compounds has an additive
interaction.”

The compounds were dissolved in DMSO, which facilitated their
dissolution in the aqueous environment. There was no precipitation of
the compounds when using 10% DMSO solution; and the final 1%
concentration of DMSO was not found to interfere with parasite or cell
culture growth.

pB-Haematin inhibition assay. A modification of the quantitative
B-haematin inhibitory activity (BHIA) assay * was used. A 0.767 M
haemin solution in DMSO was added to varying concentrations of the
test compounds to give final ratios in the range of 1:0.002 to 1:1
(haematin: compound) in triplicate wells; DMSO was used in the control
wells. The final percentage of DMSO per well was kept constant at 25%,
which does not interfere with the assay. f-Haematin formation was
initiated by the addition of 0.5 M acetate buffer (pH 4.4) and the plates
were incubated at 37°C for 24 h. After centrifugation at 1750 X g for
20 min, to isolate the DMSO-insoluble f-haematin, it was dissolved in
0.2 M NaOH and diluted fourfold before spectrophotometric
absorbance measurementat 405 nm. The haemin: compound molar ratio
at which 50% S-haematin formation was inhibited, was calculated from
log sigmoidal dose-response curves generated by the Enzfitter®
software.

Toxicity analysis. Transformed human kidney epithelial (Graham) cells
were maintained continuously in culture at 37°C in 5% CO,. The MTT
cellular viability assay was used to determine the toxicity profile of the
isolated compounds.” The trypsinized cell suspension (45 000 cells/well)
was plated along with the isolated compounds (in triplicate wells) for
44 h. Thereafter, 20.1 mM MTT was added to the wells and incubated for
a further 4 h. DMSO was added to end the reaction and dissolve the
formazan crystals. Absorbance was measured at the test wavelength of
540 nm, and at a reference wavelength of 690 nm, and the percentage
cellular viability calculated with the appropriate controls taken into
account.

Statistical analysis. Statistical calculations were carried out using
Graphpad software (San Diego, CA). Results are expressed as the
average * s.d. of atleast 3independent experiments. Student’s t-test was
used for statistical analysis; P values > 0.95 were taken as significant.
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