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Determination of Gossypol Enantiomer Ratio in Cotton Plants
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A celulose tris(3,5-dimethylphenylcarbamate) coated onto APS silica (Nucleosil, particle size, 7 um;
pore size, 500 A) was used under a reversed-phase condition to measure the enantiomeric ratios of
gossypol enantiomers in cottonseeds, flowers, and roots in a number of cultivars samples of different
Gossipium species. While unidimensional chromatography was used for measuring the enantiomeric
ratio of all the samples of G. hirsutum, G. mustelinum, and in the seeds of G. barbadense, multi-
dimensional chromatography was necessary for the analysis of samples of roots and flowers of
G. barbadense. In the latter case, an ODS Hypersil column was used in the first dimension for sample
clean up, and the enantiomers were resolved on the second dimension by the chiral column. As
expected, all the seed samples of G. hirsutum and G. mustelinum showed the (P)-(+)-enantiomer in
excess, whereas the seeds of G. barbadense showed the (M)-(—)-enantiomer. However, (P)-(+)-
gossypol was found in enantiomeric excess in three samples examined of roots and in one of flower
of G. barbadense. These results are discussed in this paper.
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INTRODUCTION

Gossypol Figure 1) is a dimeric sesquiterpene isolated from
the cotton plant and other members of talvaceaefamily.
It is an axial chiral compound due to restricted rotation about
the internaphthyl bondlj. It is known worldwide for its ability
to inhibit sperm maturation23), but in addition to this, a
number of interesting biological activities have been reported Figure 1. Enantiomers of gossypol.
and may be useful as an antineoplastic agéns}. In all cases,
the (M)-(—)-gossypol was found to be more active than R ( The importance of measuring the enantiomeric excess of
(+)-enantiomer indicating that it is the more biologically active 90ssypol enantiomers in the cotton plant is well-establisBed (
compound (2—8). 13,16), and a number of papers that deals with this information
However, the analysis of the enantiomeric ratios of gossypol have been published such as the papers in the use of cottonseed
in different Malvaceae species has showed thaP){(+)- meal in diets of animals (17-20).
enantiomer is found in enantiomeric excess in cottonseeds except This work reports the ratio of gossypol enantiomers in seeds,
for G. barbadense, which shows a modest excess ofNe ( flowers, and roots in a number of cultivar samples of different
(—)-enantiomer (9—13). Gossipiumspecies measured by direct chiral HPLC.

The methods employed for measuring enantiomeric ratios of
gossypol in all cases reported involve derivatization to form a MATERIALS AND METHODS

diastereoisomeric mixture with separation on an achiral C18 N ) ) )
column (9—13). The silicas used had the following properties: Hypersil (Shandon,

. " . . U.K.; particle size, 5um; pore size, 120 A) and Nucleosil (Macherey-
Suitable conditions for the direct resolution of gossypol Nagel, Germany: particle size 4f; pore size, 500 A). The Nucleosil

enantiomers, using a (;hlral carbohydrate carbamate phase undeijica was aminopropylated according to the reported procediie (
_rever_sed-phase_C(_)n_dltlons, hav_e_ been developed and_ used for Isocyanates used were from Aldrich. Solvents were Chromar HPLC
isolation of multimilligram quantities of gossypol enantiomers ga4e from Mallinckrodt Baker (St. Louis, MO). The filter paper used
but have not yet been used for assessing the enantiomeric ratiQyas analytical grade from Quimibras (Rio de Janeiro, Br.) Cellulose
of gossypol in cotton plant (14—15). used was Avicel from Merck. HPLC dead times) (were estimated

by using acetonitrile.

*To whom correspondence should be addressed. E-mail: quezia@ (+)-Gossypol acetic acid used, as a standard, was the one isolated
dq.ufscar.br. Telephone: 55-16- 3351-8087. Fax: 55-16- 3351-8350. from cottonseeds as described in the literatd®)(The (=) and (+)
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Table 1. Enantiomeric Excess of Gossypol in Flowers, Roots, and Seeds of Cotton
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gossypol (%)

enantiomeric excess (%)

species/variety sample (cultivar) (=) +) ) +) sample
G. hirsutum
Marie-galante Moco CNPA5 M 15 85 70 cotoon seeds?
3 97 94 roots?
7 93 86 flowersP
Marie-galante Moco CNPA 4M 6 94 88 cotton seeds?
Moco CNPA 4 M 8 92 84 rootsP
Veludo 13 87 74 roots?
Emparn-2 5 95 90 roots®
Latifolium CMPA 7H 36 64 28 cotton seeds?
CMPA 7TMH 37 63 26 cotton seeds?
HG 1845 42 58 16 cotton seeds®
Precoce 2 37 63 26 cotton seeds?
IAC 17 40 60 20 cotton seeds?
G. barbadense
Brasiliense tussac R.b. bag (86-40) 50 50 cotton seeds?
R.b. bag (84-31) 67 33 34 cotton seeds?
Quebradinho 22 7 55 roots®
Pima A 30 70 40 roots®
CNPA 98/01 25 75 50 roots®
39 61 22 flowers®
G. mustelinum
Selvagem 35 65 30 cotton seeds?
6 94 88 roots?
16 84 68 flowers?

a Mobile phase: CH3CN: 0.01 mol L=t K,PO, adjusted to pH 3.0 with H3PO4 (55:45) at 1.0 mL min~1, detection at 254 nm. b Mobile phase: CH3CN: 0.01 mol Lt
KH,PO, adjusted to pH 3.0 with HsPO, (60:40) at 1.0 mL min~1, detection at 254 nm. ¢ Multidimensional analysis.

Table 2. Time Events for the Switching of Columns and of Mobile Phases

time (min) pump event valve position
0.00-11.50 pump 1 (eluent A)2 sample cleanup by C18 column 1
pump 2 (eluent B) conditioning of the chiral column
11.50-15.00 pump 1 (eluent A) gossypol is transferred to the chiral column 2
14.50-35.00 pump 2 (eluent B) analysis of the gossypol enantiomers 1
pump 1 (eluent A) conditioning of C18 column

aEluents: pump 1: (A) CHsCN: 0.01 mol L=t KH,PO, adjusted to pH 3.0 with HzPOy (65:35 v/v); pump 2: (B) CH3CN: 0.01 mol L= KH3PO, adjusted to pH 3.0 with
H3PO, (60:40 viv), flow-rate: 1.0 mL min~1, A 254 nm. Sample: roots and flowers: CNPA 98/01 (G. barbadense) was transferred to the analytical column during 11.50—
15.00 min. For the root Pima A sample, the switching time was 13.00—16.00 min, while for the roots of the quebradinho sample, the switching time was from 11 to 15.00
min.

separated enantiomers were obtained as described previtgs|¥iie (21). This was achieved by elution of 2-propanol followed by
elution order was determined by injection of each enantiomer. acetonitrile, using approximately 200 mL of each solvent, before using
Cotton seeds, flowers, and roots were donated by the Centro Nacionalthe selected mobile phase @EN: 0.01 mol L't KH,PQO, adjusted to
de Pesquisa do Algodao, EMBRAPA (Campina Grande, Brazil), which pH 3.0 with HPO, (60:40 or 55:45 v/v). For the ODS column, the
holds voucher specimens of all the seeds, flowers, and roots referredsame type of solvent, in a different percentage (65:35 v/v), was used
to in this study. as the mobile phase.
Two analytical HPLC system were used: system 1 consisted of two  Standard solutions ofi)-gossypol (0.01 mg mt!) were analyzed
Shimadzu (Kyoto, Japan) LC-10AD pumps, a Rheodyne 7125 injector in all chromatography runs as a control to the method.
fitted with a 20 4L loop, and either a SPD-10AV UYvis or a Determination of Enantiomer Ratios of Gossypol in Cotton Seeds,
photodiodo array SDP-M10Avp detector with a CBM 10A interface. Flowers, and Roots Using Unidimensional ChromatographyGround
System 2 consisted of two Shimadzu LC-10ATvp pumps (Kyoto, room-temperature dried cotton seeds, flowers, or roots (5.0 g) were
Japan), with one pump having a valve FCV-10ALvp for selecting extracted with ether (50 mL) for 30 min, then the extracts were filtered
solvent, an auto sampler model Sil10ADvp, a SPD-10Avp-ts through a filter paper, and the solvents evaporated to dryness under
detector, and a SCL10Avp interface. A sample valve HPLC 7000 reduced pressure. The residues were redissolved in acetonitrile and
Nitronic EA (Sulpelco, St. Louis, MO) was used for the automated filtered through a nylon membrane (25 mm; 4% Corning), and then
column switching. Data acquisition in system 1 was performed using an aliquot (25«L) was analyzed on the chiral column with GEN
CLASS-LC 10 software and on system 2 using CLASS-VP software. 0.01 mol L' KH,PQO, adjusted to pH 3.0 with BPO, (60:40 or 55:45
The chiral columns were prepared as described elsewthér@1) vlv) as the eluent using HPLC system 1. The flow rate was 1.0 mL
and consisted of cellulose tris(3,5-dimethylphenylcarbamate) coated min.”* For the samples of cottonseeds, UV spectra were recorded in
onto APS-Nucleosil silica (Zm particle size and 500 A pore size)  the range of 236290 nm using a photodiodo array, and the enantiomers
(20% w/w, 150x 4.6 mm i.d.). The octadecylsilane column used (150 were detected at 290, while a UWis detector at 254 nm was used
x 4.6 mm i.d.) (C18-Hypersil, 3im particle size, and 120 A pore  for the samples of roots and flowers.
size) was packed by the ascending slurry method, using methanol for Determination of Enantiomer Ratios of Gossypol in Flowers and
the preparation of the slurry (50 mL) and also for the packing. The Roots Using Multidimensional Chromatography. The room tem-
packing was carried out at a pressure of 7500 psi. perature dried cotton flowers and roots were grinded, and after that
The chiral columns were evaluated in the normal mode of elution, the samples (5.0 g) were extracted with ether (50 mL) for 30 min. The
as described elsewhere, before it was eluted in the reversed-phase modextracts were filtered through a filter paper before the solvents were
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Figure 2. Enantioresolution of gossypol enantiomers on celulose tris(3,5-dimethylphenylcarbamate) coated onto Nucleosil (500 A, 7 um) (20% w/ w)
using CHsCN: 0.01 mol L=t KH,PO, adjusted to pH 3.0 with H3PO, (60:40 v/v) as mobile phase for panels a and b while CH;CN: 0.01 mol L=t KH,PO,
adjusted to pH 3.0 with HsPO, (55:45) was used for panels c—e. Flow rate used was 1.0 mL min—! with detection at 254 nm: (a) racemic gossypol
standard sample; (b) flower, Moco CNPA 5M sample; (c) racemic gossypol standard sample; (d) root, Moco CNPA 5M sample; and (e) cotton seed,

Moco CNPA 5M.
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Figure 3. Schematic diagram of the column-switching system.
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The flow rate used was 1.0 mL mihin both columns, and the

20 gossypol enantiomers were detected at 254 nm.

RESULTS AND DISCUSSION

The evaluation of the relative toxicity of gossypol enantiomers
to plant pathogens has been neglected until recently. Stipanovic
and collaborators measured the ratio of gossypol enantiomers
in cottonseed, and roots of seedlings germinated from seed that
5 had been treated with. zirens and compared with untreated
controls. The {)-gossypol was found in minor percentage in
control and treated roots, but levels of this enantiomer were
somewhat higher in roots from treated see23)( This work
L T N demonstrates the importance of measuring the ratio of the
gossypol enantiomers in different parts of the cotton plant.

Having previously developed an efficient method for direct
L . . i separation of gossypol enantiomefsi{15), the use of this
switching between achiral and chiral columns. Sample: root (G. barba- method for measuring the enantiomeric ratio of gossypol in
dense) CNPA 98/01. . .

seeds, flowers, and roots of different species of cotton was
evaporated to dryness under reduced pressure. The residues werevaluated and optimized and is now described.
redissolved in qcetonitrile anql filtered using a nylon mgmbrane (25  The species selecte@. hirsutum G. mustelinumand G.
g/g;f’;ﬁﬁgrggg;?udma:;r!ﬁzg'&a(?glwrﬁ;?? Eﬁiggfg‘ dgj!u"s'felac barbadensevere the same used before when the enantiomeric
ratios of gossypol were measured in cottonseeds by derivati-

to pH 3.0 with HPO, (65:35 v/v) as the mobile phase was used in the . . . - e .
first dimension for extraction and clean up. The polysaccharide column zation with a chiral amine to form Schiff's bases (9). Sixteen

mAbs

Time (min)

Figure 4. Typical chromatogram to determine the time program for

using CHCN 0.01 mol L KH,PO;, adjusted to pH 3.0 with HPO, cultivar samples were examined. All the sample&ohirsutum
(60:40 v/v) as the eluent was used for the enantioseparation in theand G. mustelinumand the seeds oG. barbadensewere
second dimension. The conditions used are describdalite 2. evaluated by unidimensional chromatography with cellulose tris-
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Figure 5. Enantioresolution of gossypol on celulose tris(3,5-dimethylphenylcarbamate) coated onto Nucleosil (500 A, 7 zm) (20% wiw) using multidimensional
chromatography. Conditions as stated in Table 2 (a) racemic gossypol standard sample, (b) root, CNPA 98/01 sample, and (c) flower, CNPA 98/01
sample.
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(3,5-dimethylphenylcarbamate) as the chiral stationary phase, ACKNOWLEDGMENT
and the mobile phases used are describebainle 1.
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