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Bioassay-directed fractionation of the organic extract of the Kenyan pyrethrum flowers (Chrysan-
themum cinerariaefolium Vissiani) resulted in the isolation of two natural pyrethrin esters, pyrethrin
I (PI) and pyrethrin II (PII) as the major constituents. These esters elicited inhibition of the multiple
drug resistant (MDR) Mycobacterium tuberculosis. The high-field 1H and 13C nuclear magnetic
resonance (NMR) chemical shifts of PI and PII were unequivocally assigned using modern two-
dimensional (2D) proton-detected heteronuclear multiple-quantum coherence (HMQC) and hetero-
nuclear multiple-bond correlation (HMBC) experiments. The conformations of both esters were
deduced from 1H-1H vicinal coupling constants and confirmed by 2D nuclear Overhauser effect
spectroscopy (NOESY). Computer molecular modeling (MM) studies revealed that PI and PII
molecules adopt a “love-seat” conformation in chloroform (CDCl3) solution.
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INTRODUCTION

Tuberculosis (TB) is a serious healthcare menace and
is the single most lethal infectious bacterial disease
affecting mankind (Wayne, 1994). Historically, TB is a
chronic, air-borne, contagious, debilitating disease that
severely affects the respiratory tracts of humans. As a
result of the emergence of the potentially incurable
multiple drug resistant (MDR) strains of mycobacteria,
the incidence of TB infection in the United States has
steadily risen in the past decade (Houston and Fanning,
1994). Compounding the problem of the resurgence of
TB is the association of TB with HIV infection among
the highly vulnerable recreational drug users, children,
street dwellers, the AIDS population, and immigrants
from developing countries (Iseman, 1994). This medical
crisis has rekindled interest in the search for antibiotics
that inhibit or kill mycobacteria by novel mechanisms
(Inderlied et al., 1993; Rastogi et al., 1981).

Nature is the prime source of many of the drugs
currently in commercial use (Grange and Davey, 1990;
Secoy et al., 1983). To unravel the scientific bases of the
remedial effects of indigenous African plants that are
used for the treatment of Mycobacterium tuberculosis
infection, we recently began a program aimed at iden-
tifying new sources of chemotherapeutics. Initial bio-
assay-guided studies on the perennial pyrethrum flow-
ers yielded several compounds that exhibited significant
inhibition toward M. tuberculosis H37Rv and M. avium
(Rugutt et al., 1999). The six major components of
pyrethrum flowers (cinerin I (CI), jasmolin I (JI),
pyrethrin I (PI), cinerin II (CII), jasmolin II (JII), and
pyrethrin II (PII)) (Figure 1) are usually difficult to
separate by column chromatography. Structurally, these

pyrethrin esters are respectively derived from a com-
bination of three alcohols, cinerolone (I), jasmolone (I),
and pyrethrolone (I), with two chrysanthemic acid (II)
and pyrethric acid (II) (Patenden and Hemesley, 1973).
It has been shown that the insecticidal activity (against
household flies, human lice, mosquitoes, crop pests, and
several ectoparasites) of pyrethrum extract is primarily
due to the major components, PI and PII (McEldowney
and Menary, 1988; Khambay et al., 1993; Johnston et
al., 1989). Specifically, the chrysanthemates (PI, CI, JI)
are lethal insecticides, whereas the pyrethrates (PII,
CII, JII) cause rapid knockdown.

When pyrethrins are exposed to light and heat, they
decompose (Chen and Casida, 1969). It has been shown
that the photodecomposition products of PI and PII are
the trans isomers resulting from the cis/trans isomer-
ization of the double bond (C8′-C9′) in the butadiene
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Figure 1. Structures of natural pyrethrins.
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side chain (Bullivant and Pattenden, 1976). The stabili-
ties of pyrethrins to light under field and laboratory
conditions can be improved by addition of UV stabilizers
(Miskus and Andrews, 1972; Ueda et al., 1974; Sundaram
and Curry, 1996). Since pyrethrin standards are not
commercially available, the content and purity of the
individual pyrethrins in pyrethrum flowers is usually
determined by HPLC (Otieno et al., 1982; McEldowney
and Menary, 1988), GC/MS (Pattenden et al., 1973), and
NMR spectroscopy (Bramwell et al., 1969). The advan-
tage of the NMR method is that only microgram
quantities of the individual components are needed in
order to prepare reference standards.

Pyrethrins are flexible molecules that continuously
undergo fast conformational interconversion processes
in solution. Their conformational properties are likely
to be important in their mode of action against insects
and bacteria (Ueda and Matsui, 1971; Elliot et al., 1974;
Elliot, 1989). NMR is undoubtedly the most powerful
technique for defining conformation of molecules in
solution. For example, with the aim of understanding
the mode of action of chiral fungicides (e.g., diclobutra-
zol, paclobutrazol, and triadimenol), their preferred
conformations in solution have been deduced using the
Karplus equation (Jackson and Sternhell, 1984). To
date, the assignment of the resonances for cyclopropyl
(Me-5 and Me-6) and vinyl gem-dimethyl groups of the
natural pyrethrins has remained contradictory (Krish-
namurthy and Casida, 1987; Bramwell et al., 1969;
Crombie et al., 1975). In the present study, we used both
molecular modeling (MM) and high-field NMR spectro-

scopic methods to definitely determine the conforma-
tions of PI and PII molecules in solution. The analytical
process involved first the complete assignment of the
1H NMR spectra for each molecule using 2D 1H-1H
correlation spectroscopy (COSY). Second, we obtained
all vicinal 1H-1H coupling constants (3JH-H) relevant
to the conformational analysis. The conformation of each
molecule was then derived by substitution of the 3JH-H
values into the Karplus equation, which relates 3JH-H
with the corresponding dihedral angles (Karplus, 1959;
Karimi-Nejad et al., 1994). In addition, the concerted
use of 2D NOESY (Bax and Davis, 1985), HMQC
(Kessler et al., 1988), and HMBC (Bax and Summers,
1986) experiments provided unambiguous assignments
of the cyclopropyl and vinyl gem-dimethyl groups of PI
and PII.

MATERIALS AND METHODS

General. Pyrethrum flower concentrate (bulk no. 9819-4)
was a gift sample from the Nakuru Pyrethrum Board of Kenya.
Vacuum-liquid chromatographic (VLC) (Pelletier et al., 1986)
separations of the concentrate were performed using silica gel
(Rugutt et al., 1996). Ethyl acetate (EtOAc) and hexane were
purchased from the Aldrich Chemical Co. (Milwaukee, WI) and
distilled prior to use. Thin-layer chromatography (TLC) (Touch-
stone, 1995; Rugutt and Berner, 1998) was performed on
precoated silica gel (Sil-G 25 UV254) plates having a layer
thickness of 0.25 mm. The TLC plates were developed using
an EtOAc/hexane mixture (40:60 v/v) and made visible by
spraying with a solution prepared by dissolving CoCl2‚6H2O
(2 g) in 10% aqueous H2SO4 (100 mL). Colored spots repre-
senting pyrethrin esters appeared on TLC plates after heating

Figure 2. 400 MHz 1H NMR spectrum of pyrethrin I.
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at 100 °C for 1 min. Mass spectra were obtained on a Hewlett-
Packard 5971A GC/MS spectrometer.

NMR Spectroscopy. One-dimensional (1D) 1H and 13C
NMR spectra were recorded on an AMX Bruker spectrometer
operating at 400 and 100 MHz Larmor frequencies, respec-
tively (Diehl et al., 1972; Van Den and Van Waarde, 1996).
The NMR spectra of pyrethrin esters (5 mg) contained in 5
mm outer diameter NMR tubes were recorded in the deute-
rium locked mode without spinning to reduce T1 noise.
Deuterated chloroform (CDCl3; δH 7.24 ppm, δC 77.0 ppm)
dispensed from sealed ampules was used as a solvent. The
NMR data of PII (spectra not shown) were similar to those of
PI (Figures 2-6 and Tables 1 and 2). Chemical shifts are
expressed in δ (ppm) scale downfield from TMS (internal
reference standard; δTMS 0 ppm). The coupling constants
(3JH-H) are given in hertz (Hz). Proton chemical shifts are given
with two decimal places in order to make certain distinctions
for signal assignments especially concerning the H-9 and H-10
of PI and HR-5′ and H-3 of PII. Typical 1H NMR acquisition
parameters were as follows: data set size, 16K; spectral width,
5400 Hz; 90° radio frequency pulse, 7.0 µs; recycling delay
between transients, 2.0 s. Adequate signal-to-noise (S/N) ratios
in the 1H NMR spectra were achieved after 32 transients.
Unless otherwise specified, temperature was always 298 K.
Two-dimensional 1H-1H COSY and NOESY (Bax and Davis,
1985; Seebach et al., 1996) experiments were recorded on a
Bruker AMX 400 MHz spectrometer. The following acquisition
parameters were used. COSY: recycling delay (D1), 1.5 s;
dummy scans (DS) ) 4; number of scans (NS) ) 64; D0
increment (D0) ) 3 µs; spectral width in F2 ) 2400 Hz, and
in F1 ) 1200 Hz; temperature ) 298 K. The data set sizes
were 512w in F1 and 1K in F2, and the data were zero-filled
in F1 before subjecting to 2D Fourier transformation to yield

a 1K × 1K data matrix. The resulting spectra were then
processed using a sine-bell window function in F1 and F2
(WDW ) s), and the data were diagonally symmetrized.
NOESY: 512 × 512 data matrix size; time domain (td) ) 512
in F1 and 1024 in F2; D1 ) 2 s; D0 ) 3 µs; NS ) 96; mixing
time (τm) ) 800 ms. The 1H-detected experiments, HMQC
(Kessler et al., 1988), and HMBC (Bax and Summers, 1986)
were recorded on a Bruker ARX 300 MHz spectrometer using
the literature pulse sequences. The data were processed with
Bruker XWIN-NMR software operating on a Silicon Graphics
Indigo workstation (Silicon Graphics Inc., Bruker Co.). The
acquisition parameters used were as follows. HMQC: 512 ×
512 data matrix; td ) 512 in F1 and 1024 in F2; D1 ) 2 s; NS
) 48; DS ) 4. HMBC: data matrix size; td ) 512w in F1 and
1024 in F2; D1 ) 2 s; NS ) 64; DS ) 16; D0 ) 3 µs; the 3JCH

low pass filter was set to 3.48 ms, and the delay for the
evolution of long-range coupling (7.7 Hz) was set to 60 ms.
The proton-carbon assignments were confirmed by 13C DEPT
experiments (Doddrell et al., 1982) and1H-13C HMQC. In
DEPT experiments, the spin-echo technique was used to edit
the 13C spectra, i.e., to separate 13C spectra into methyl (CH3),
methylene (CH2), methine (CH), and quaternary (C) carbons
with varied proton polarization pulse angles (PΦ). In the DEPT
45 experiment, PΦ ) 5.0 µs was used to obtain optimal
intensities for the protonated carbons (Tables 1 and 2). The
DEPT 90 experiment with PΦ ) 10.0 µs identified the CH
protons, while the DEPT 135 experiment with PΦ ) 15.0 µs
gave positive signals for the CH2 and CH3 groups and negative
signals for the CH groups.

Computer Molecular Modeling (MM). In the present
study, the NMR NOESY spectra of PI and PII showed
through-space intramolecular interactions between several
hydrogens that warranted molecular modeling investigation.
Conformational analysis (Burkert and Allinger, 1982) was
performed on a Silicon Graphics Iris 4D/20 workstation using
SYBYL 6.3 (1991) molecular modeling software. Attempts to
secure crystals of either PI or PII suitable for X-ray analysis
failed. This was further supported by a search of the Cam-
bridge Crystallographic Database (CCD) which did not yield
crystal structures. Pyrethrin esters have three stereogenic
centers (C-1, C-3, and C-1′) and may exist as mixtures of eight
isomers (RRR, RRS, RSR, SRR, SSS, SSR, SRS, and RSS). In
addition to these stereogenic sites, there is a cis/trans double
bond site (C8′-C9′). The structure of PI whose stereochemistry
(Figure 1, trans C3-C7; C1-R; C1′S) has been partially
determined (Bramwell et al., 1969) was used as a starting
point for energy minimizations. Using the “build/edit” function
of SYBYL 6.3 program, the natural isomers (C3-R, C1-R,
C-1′S, 8′Z) of PI and PII were constructed and energy
minimized using Gasteiger-Hückel charge assignments and
104 iterations. The minimized structures were further sub-
jected to approximately 25 dynamic annealing runs using
various temperature regimes and Gasteiger-Hückel charge
assignments. When the conformational energy converged (no
lower energy determined), the lowest energy conformers were
analyzed. The hydrogen-hydrogen distances of interest were
calculated using the “measure” function of SYBYL program.
When the distance was between a hydrogen and a methyl
group, an average of the distances between the lone hydrogen
and each of the methyl group hydrogens was determined and
reported (Table 3).

Antimycobacterial Activity. The standard radiorespiro-
metric bioassays were performed in the BACTEC 460 as
described by Collins and Franzblau (1997). Briefly, stock
solutions (10.24 mg/mL) of test compounds were prepared in
DMSO, filter sterilized. Solutions of lower concentrations were
obtained by serial dilution using DMSO as the solvent.
Aliquots (50 µL) of each solution were added to a 4 mL of fresh
BACTEC 12B broth (Becon Dickinson, Towson, MD) contain-
ing mycobacteria (M. avium and the drug-sensitive M. tuber-
culosis H37Rv). Drug and bacterial controls (diluted 1:100)
were also included. Cultures containing the test compounds
were incubated at 37 °C, and the growth indices were
determined daily starting on the second day of incubation. The
bioassays were completed within 10 days for both mycobac-

Figure 3. 2D 1H-1H COSY map of pyrethrin I.

3404 J. Agric. Food Chem., Vol. 47, No. 8, 1999 Rugutt et al.



teria. The antimycobacterial activities for extracts and pure
pyrethrins are expressed as percentage inhibition and mini-
mum inhibitory concentrations (MICs), respectively. MIC is
defined as the lowest concentration that inhibits the growth
of 99% of the bacteria (Heifets, 1991).

RESULTS AND DISCUSSION

One-Dimensional (1D) NMR Studies. Encouraged
by the antimycobacterial activity of pyrethrin esters (PI
and PII), we further investigated their NMR behavior.
Their high-field 1D 1H and 13C NMR data (Tables 1 and
2) are in agreement with the structures (Figure 1).
However, dramatic and diagnostic differences occurred
in the upfield regions of their 1H NMR spectra. The
three-bond coupling constants (3JH-H) were obtained
from the 1H NMR spectra. The vinyl coupling constants
were similar to those reported in the literature (Bram-
well et al., 1969), with marginal variations of about 0.01
ppm. Because the 1D spectra were complicated by the
occurrence of resonances due to traces of other pyre-
thrins, several 2D NMR experiments were performed.

Two-Dimensional (2D) NMR Studies. For the first
time, a combination of HMBC (Figure 6) and NOESY
(Figure 4) experiments provided unambiguous assign-
ments of the resonances for cyclopropyl and vinyl gem-
dimethyl groups of PI and PII. The HMBC (“inverse
COLOC”) provided long-range 1H-13C coupling (nJC-H;

n ) 2-4). Figure 6 shows the processed 2D HMBC
spectrum for PI. The signals of quaternary carbon atoms
were easily assigned (Tables 1 and 2) since the HMBC
spectrum exhibited cross-peaks, which correlated non-
protonated carbon atoms to protons (two, three, and four
bonds away). Two-dimensional NOESY experiments
allowed simultaneous through-space connectivity of all
protons to be established. In a typical 2D NOESY
spectrum (Figure 4), the cross-peaks represent NOE and
indicate that the protons, correlated by diagonal peaks,
exhibit close spatial proximity (usually less than 5.0 Å)
with each other. The standard 1H NMR spectrum
appears on the diagonal, while the NOE enhancements
appear as off-diagonal peaks. The magnitude of the
observed NOE is not only inversely proportional to the
sixth power of the interproton distance in space (eq 1)
but also depends on the effective rotational correlation
times τc (Fesik, 1989):

Both PI and PII molecules are of intermediate size
and undergo relatively rapid tumbling with a correlation
time, τc, of approximately 10-10 s (Kessler et al., 1986).
Therefore, to overcome the slow rate of NOE buildup
and the low intensity of cross-peaks in the NOESY
spectrum, a long mixing time of 800 ms was used. It is

Figure 4. (a) 2D 1H-1H NOESY map of pyrethrin I. (b) Upfield region of NOESY map of pyrethrin I.

NOE ∝ {1/〈r6〉}f(τc) (1)
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pertinent to mention here that the continued observa-
tion of cross-peaks in all NOESY spectra at different
mixing times (between 400 and 800 ms) indicated that
they were not due to artifacts. Phase cycling and small
random fluctuation (5%) of mixing time were employed
in order to effectively suppress COSY J-coupling cross-

peaks due to zero-quantum (ZQ) and double-quantum
(DQ) coherence transfers (e.g., in PI, the H9′, -H8′
cross-peak at {f1;f2} ) {6.04, 5.36} ppm is significantly
reduced). Despite the respectable time consumption of
2D NOESY experiments, several useful NOE cross-
peaks were detected (Figure 7). The NOE cross-peak

Figure 5. (a) 2D 1H-13C HMQC map of pyrethrin I. (b) Upfield region of HMQC map of pyrethrin I.

Figure 6. (a) 2D 1H-13C HMBC map of pyrethrin I. (b) Upfield region of HMBC map of pyrethrin I.
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patterns for the PI molecule were similar to those of
PII. As noticeable in Figure 4, the most revealing cross-
peaks of PI connected H-11′a with Me-9, Me-10, and
H-3; H-11′b with Me-6; H-8′ with Me-5 and H-3; HR-5′
with H-1; and H-7 with both HR-5′ and Hâ-5′ protons.
For PII, cross-peaks connecting H-11′a with MeCO, H-8′
with H-3, H-9′ with Me-5, Me-6′ with MeCO, H-9 with
H-1, and H-7 with both HR-5′ and Hâ-5′ protons
provided valuable conformational information. Taken
together, the NOE data suggest that PI and PII
molecules, on an NMR time scale, adopt “love-seat”
conformations in the relatively hydrophobic solvent

(CDCl3). For the first time, the methyl groups (Me-5 and
Me-6) of cyclopropyl and vinyl gem-dimethyl groups

Table 1. Summary of the Major Results of 1H, 13C, and
HMBC Correlations of Pyrethrin I

position δ13C multa δattachedH HMBC correlations

1 34.5 CH 1.40 d C-5, C-7, C-8
2 29.0 Cb

3 32.9 CH 2.08 dd C-1, C-4, C-6
4 172.2 Cb

5 22.0 CH3 1.14 s C-1, C-2, C-3, C-6
6 20.3 CH3 1.25 s
7 120.7 CH 4.89 d C-9, C-10
8 135.8 Cb

9 18.4 CH3 1.71 s C-7, C-8
10 25.5 CH3 1.72 s C-7, C-8
1′ 72.9 CH 5.65 d
2′ 165.5 Cb

3′ 141.9 Cb

4′ 203.6 Cb

5′ 42.0 CH2 Hb, 2.85;
Ha, 2.25 dd

C-2′, C-4′

6′ 14.0 CH3 2.04 s C-2′, C-3′
7′ 21.6 CH2 3.12 d C-3′, C-4′, C-8′, C-9′
8′ 126.8 CH 5.36 dt
9′ 130.3 CH 6.04 dd
10′ 131.5 CH 6.72-6.81 m
11′ 118.2 CH2 Ha, 5.17-5.23 dd;

Hb, 5.32 br
a Carbon multiplicities determined through DEPT (Doddrell et

al., 1982). b Assignments based on HMBC (Bax and Summers,
1986).

Table 2. Summary of the Major Results of 1H, 13C, and
HMBC Correlations of Pyrethrin II

position δ13C multa δattachedH
HMBC

correlations

1 35.7 CH 1.75 d
2 29.6 Cb

3 32.9 CH 2.21 dd
4 172.3 Cb

5 22.3 CH3 1.24 s
6 20.4 CH3 1.31 s C-5
7 138.9 CH 6.47 d C-10
8 143.0 Cb

9 30.5 CH3 1.71 s C-7, C-10
10 168.1 CH3 1.72 s
11 51.8 OCH3 3.74 s C-10
1′ 73.4 CH 5.66 d C-5′
2′ 164.9 Cb

3′ 142.2 Cb

4′ 203.5 Cb

5′ 41.9 CH2 Hb, 2.92; Ha, 2.23 dd C-2′, C-4′
6′ 14.1 CH3 2.04 s C-2′, C-3′, C-4′
7′ 21.7 CH2 3.13 d C-2′, C-3′, C-4′,

C-8′, C-9′
8′ 126.7 CH 5.35 dt
9′ 130.4 CH 6.05 dd
10′ 131.5 CH 6.73-6.82 m
11′ 118.4 CH2 Ha, 5.18-5.23 dd;

Hb, 5.27 br
C-9′

a Carbon multiplicities determined through DEPT (Doddrell et
al., 1982). b Assignments based on HMBC (Bax and Summers,
1986).

Figure 7. Diagnostic spatial correlations observed in the 2D
NOESY spectra of PI and PII.

Table 3. Selected Distances (Å) of Pyrethrin I (PI) and
Pyrethrin II (PII)

protons PI PII protons PI PII

H-7, H-5 3.09 3.66 H-5′R, H-11′a 4.17 4.03
H-7, H-6 4.53 5.13 H-5′R, H-11′b 5.37 5.33
H-5, H-9 5.56 4.32 H-5′R, H-11 NA 11.18
H-5, H-10 5.41 NAa H-5′R, H-8′ 6.20 6.33
H-5, H-1′ 6.69 6.70 H-5′â, H-1 5.17 5.63
H-5, H-6′ 7.94 7.35 H-5′â, H-5 7.43 7.15
H-5, H-8′ 10.77 8.95 H-5′â, H-6 5.84 4.65
H-5, H-9′ 9.80 7.19 H-5′â, H-9 6.31 7.97
H-5, H-10′ 8.77 5.93 H-5′â, H-10 9.19 NA
H-5, H-3 4.06 4.09 H-5′â, H-8′ 6.61 6.67
H-5, H-11′a 7.85 3.78 H-5′â, H-11′a 6.61 5.63
H-5, H-11′b 8.37 4.75 H-5′â, H-11′b 6.87 6.64
H-6, H-9 6.19 4.45 H-6, H-7 4.53 5.13
H-6, H-10 7.22 NA H-7, H-1 3.51 2.53
H-6, H-1′ 4.44 5.26 H-7, H-9 4.01 3.97
H-6, H-6′ 5.82 6.71 H-11′a, H-9 3.16 7.21
H-6, H-8′ 9.37 8.24 H-11′a. H-10 5.82 NA
H-6, H-9′ 9.12 7.12 H-11′a, H-6′ 5.73 4.91
H-6, H-10′ 8.18 4.60 H-11′b, H-9 3.11 8.60
H-6, H-3 3.10 3.14 H-11′b, H-10 5.47 NA
H-6, H-11′a 8.18 4.75 H-11′b, H-6 5.20 4.28
H-6, H-11′b 8.52 4.75 H-11, H-1 NA 7.59
H-6′, H-10′ 4.61 4.30 H-11, H-6′ NA 12.63
H-6′, H-9 5.17 9.87 H-11, H-6 NA 8.85
H-6′, H-10 7.68 NA H-11, H-5 NA 6.96
H-9′, H-5 9.80 7.19 H-11, H-11′a NA 11.21
H-9′, H-6 9.12 7.12 H-11, H-1′ NA 11.52
H-5′R, H-9 4.82 6.93 H-1′, H-1 4.84 4.41
H-5′R, H-10 7.76 NA H-3, H-8′ 7.20 9.83
H-5′R, H-5 6.74 5.68 H-3, H-11′a 6.01 5.77
H-5′R, H-6 5.89 3.12 H-9′, H-6′ 4.18 3.97

a NA, not applicable.
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(Me-9 and Me-10) were unambiguously assigned using
the 2D NOESY and HMBC experiments.

Conformational Analysis. Molecular mechanics is
a powerful tool for probing the conformations of flexible
molecules that are not detected by NMR. Recently,
molecular modeling has been utilized for predicting
biologically active conformations of natural products
(Rugutt and Rugutt, 1997). Hitherto, most structure-
activity studies have not yet yielded specific information
about conformation(s) adopted by pyrethrins at the
receptor sites of insects (Khambay et al., 1994; Kalya-
nasundaram, 1994). Elliot and Janes (1977) performed
preliminary studies on the preferred conformations of
pyrethroids using the Dreiding models. To further
explain our NMR NOE data, several reasonable struc-
tures of PI and PII were modeled and subjected to
energy minimization using the SYBYL 6.3 program. As
can be seen in Figures 8 and 9, the most stable
conformations of both esters have different geometries.
The structural data (energy and selected distances are
summarized in Table 3) were in agreement with the
NOE data.

Antimycobacterial Bioassays. It is well-known
that the mycobacteria produce lipid-rich cell walls made
up of a large amount of long hydrocarbon chains of C60-
C90 fatty acids (usually called mycolic acids) (Yuan and
Barry III, 1996). The tight packing of mycolic acids (see
structure 1, in which a ) 17, b ) 14, c ) 13, and d )
21) seriously limits the penetration of antibiotics into
the cell walls.

In the present study, an organic extract from the
Kenyan pyrethrum flowers was subjected to VLC gradi-
ent elution using a solvent system of EtOAc-hexane
(increasing amounts of EtOAc). Ten fractions were
collected and bioassayed using the standard BACTEC
technology with M. tuberculosis H37Rv and M. avium
as test organisms. The percentage inhibition data
indicated that most fractions exhibited activity at 33 and
100 µg/mL concentration levels (Table 4). The highest
biological activities were in the fraction 3-8 range.
There was little or no activity in the more polar (100%
EtOAc) or nonpolar (100% hexane) fractions. The in-
termediate polar fractions (3 and 4) with a high degree

Figure 8. Stereoview of pyrethrin I based on molecular modeling calculations.

Figure 9. Stereoview of pyrethrin II based on molecular
modeling calculations.

Table 4. Inhibition (%) of M. tuberculosis and M. avium
by Crude Extracts and Different Fractions of Pyrethrum
Flower

% inhibition

M. tuberculosis M. avium
fraction

solvent ratio
(hexane/EtOAc)a 100b 33b 100b 33b

crudec 94 56 94 53
1 100/0 0 0 0 6
2 90/10 72 7 98 83
3 80/20 89 51 99 88
4 70/30 93 46 99 96
5 60/40 74 47 96 94
6 50/50 84 67 88 64
7 40/60 85 55 93 58
8 30/70 76 28 88 55
9 20/80 9 0 31 11
10 10/90 0 5 0 0
11 0/100 0 0 0 11
a Solvent mixture (v/v). b In µg/mL. c Crude extract (bulk no.

9819-4).

1
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of inhibitions (46-99%) contained several isoprene long-
chain alcohols (Combaut and Piovetti, 1983; Amico et
al., 1987; Albrizio et al., 1992; Rugutt et al., 1998). The
two most abundant and active intermediate fractions
(5 and 6) were pooled and chromatographed (hexanes-
EtOAc, 1:1 v/v) to afford PI and PII as the major
constituents. Pure (>95% by NMR) PI and PII exhibited
slight differences in their efficacies against M. tuber-
culosis H37Rv (MIC’s of 64 and 32 µg/mL, respectively).
Preliminary correlations of structural features and the
MIC’s suggest that the presence of an ester moiety in
PII seems to enhance the in vitro antimycobacterial
activity. The differences in the MIC’s suggest that the
similarity in structure is not a sufficient condition for
antimycobacterial activity. Therefore, the structures of
PI and PII do not necessarily represent the active
conformers in solution. In comparison with the estab-
lished antimycobacterial agents, the specific potency of
PI and PII, while interesting, is sufficient to warrant
detailed future studies. Further structural modifications
and testing of natural pyrethrins is in progress in order
to derive definitive clues on the active functional group-
(s) (Rugutt et al., 1999).

CONCLUSION

The conformational analysis of PI and PII by molec-
ular modeling (MM) and NMR protocols not only
provides new insights into their molecular modes of
action but also forms a good starting point for the
analysis of natural pyrethrins and other antimycobac-
terial agents.

ABBREVIATIONS USED

MM, molecular mechanics; PI, pyrethrin I; PII, pyre-
thrin II; CI, cinerin I; CII, cinerin II; JI, jasmolin I;
JII, jasmolin II. NMR, nuclear magnetic resonance; 1D,
one-dimensional; 2D, two-dimensional; COSY, correla-
tion spectroscopy; NOESY, nuclear Overhauser effect
spectroscopy; HMQC, heteronuclear quantum coher-
ence; HMBC, heteronuclear multiple bond correlation;
DEPT, distortionless enhancement polarization trans-
fer; PΦ, polarization pulse angles; J, coupling constant;
CH, methine; CH2, methylene; CH3, methyl; CDCl3,
deuterated chloroform; 1H, proton; 13C, carbon-13; VLC,
vacuum-liquid chromatography; ppm, parts per million;
ZQ, zero quantum; DQ, double quantum; GC/MS, gas
chromatography/mass spectrometry; HPLC, high-per-
formance liquid chromatography; MM, molecular mod-
eling; eq, equation.
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