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Abstract

An analytical procedure was developed for the determination of the total amount of sterols in the wesbalggopsis armata, globally
determined as cholesterol, which is the major sterol contained in red algae. Samples, previously saponified with KOH were preconcentrate
on DSC-18 solid phase cartridges (SPE) and eluted with dichloromethane stabilize@-aritlglene. Fourier transform infrared (FTIR)
spectrometry was employed for selective detection at 1049 evith a baseline established between 1000 and 1079 cfine results were
compared to those obtained by high performance liquid chromatography (HPLC). The concentration obtained in actual samples from alg:
was 3.37% (w/w) by FTIR and 3.30% (w/w) by HPLC, showing a good comparability between the two methods.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction is very useful for the determination of the composition of
sterols within the sterolic fractiof8—11]. Additionally, nor-
Many studies on the distribution of sterols in the various mal[12] and reversed-phase high performance liquid chro-
classes of algae had been descriffeéb]. The composition  matography (HPLC)13-15]have also been used to separate
of sterols provides interesting information for both chemo- and purify the sterolic fraction from algae.
taxonomic and ecological purpod@s5]. A cursory literature Recent efforts in the discovery of new sterols from algae
survey revealed that the major sterol of red algae is generallyhave focused on the development of isolation procedures,
cholesterol and in some ones cholesterol was the only sterolpurification techniques and on the use of different analyti-
presen{l,6]. cal method416—18]. However there are few precedents on
Currently, the typical sterolic isolation procedure from the use of Fourier transform infrared spectrometry (FTIR),
algae is based on extraction of the crude lipid fraction with which has generally been used as complementary method
a mixture of methylene chloride and methanol followed by for identification of the sterols from algae. Sekkal et al. used
saponification7]. The unsaponifiable fraction is generally infrared spectrometry as a basic technique for the elucida-
analyzed by chromatographic methods. Gas chromatographytion of the structure of a polysaccharide from red alga3.
This is the single application of infrared spectrometry in this
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Asthe cholesterol is the major sterol in the sterolic fraction
of the liquid extract of this alg§20], sterols were globally
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reduced pressure and evaporated to dryness. The procedure
was repeated three times on the algal residue. The organic

determined as cholesterol. Additionally, the results obtained extract obtained was saponified before analysis by HPLC
by FTIR spectrometry were carefully checked and compared and FTIR spectrometry.

with those obtained by HPLC.

2. Experimental
2.1. Apparatus and reagents

A Mattson (Madison, WI, USA) Model Genisis Il FTIR
spectrometer was employed to obtain FTIR spectra in
the range 4000400 cmh. The system was equipped with
a temperature-stabilized detector with KBr beam splitter

3.2. Saponification procedure

As sterol esters are sensitive to saponification with
strongly basic reagents, a precise amount of organic extract
was heated to reflux with 40 ml of 1M ethanolic KOH at
90°C for 1h, then 40 ml of distilled water were added and
the reaction mixture extracted by solid phase extraction (SPE)
before its determination by FTIR or HPLC.

3.3. FTIR determination of sterols

and precise digital signal processing (DSP). Spectra were

obtained at 4 cm! nominal resolution and accumulating 15

One hundred milligrams of organic extract, previously

scans per spectrum. All measurements were carried out usingaponified were loaded into 1 g of solid phase octadecy! silica

a micro-flow cell with Cak windows and a path length of
0.5mm. Connection tubes were PTFE with 0.8 mm internal
diameter.

Separations were carried out on a high performance liquid
chromatograph system consisting of a Constametric (Paris
France) 3500 solvent delivery system, a manual injection
valve with a volume loop of 2Ql and a Waters (Paris,
France) model R 10 differential refractometer for the detec-

DSC-18 extraction cartridges, preconditioned sequentially
with 2 ml of methanol and 1 ml of water and eluted with four
portions of 1 ml of dichloromethane stabilized with amylene.
The residue was dried by using p&0, and evaporated to

dryness. The residue was diluted in 1 ml dichloromethane

and the IR spectra were obtained at a 4émesolution and
accumulating 15 scans per spectrum, using a background of a
dichloromethane blank obtained under the same experimen-

tion. Retention times and peak areas were obtained withtal conditions.

a Varian 4400 integrator. For normal phase analysis, the

Purosphé? Star Si (4.6 mm i.dx 250 mm) analytical col-
umn was employed.

Cholesterol, cholesteryl acetate and 4-methoxyaceto-
phenone standards were obtained from Merck (Darmstadt,

Germany). Ethyl acetate (EtAcO) and 2,2,4-trimethylpentane

The peak height of spectra was obtained by measuring
the absorbance at 1049 chwith a base line established
between 1079 and 1000 cth Corrected absorbance values
were interpolated in the corresponding calibration line
obtained for mixture solutions containing 0.8—25 mgnl
of standards prepared and treated in the same way as the

(TMP) (isooctane) HPLC grade, and analytical reagent grade Samples.

methanol and chloroform were obtained from Carlo Erba
(Milano, Italy), analytical reagent grade dichloromethane,
stabilized with amylene or with ethanol, from Panreac
(Barcelona, Spain) and ethanol, from Prolabo (Fontenay-
sous-Bois, France) were also employed.

For preconcentration of the sterols, commercially avail-
able 6 ml DSC-18 octadecyl cartridges from Supelco (Belle-
fonte, USA), containing 1 g of solid phase with an average
particle size of 5gum and specific surface area of 488 gt
were employed.

3. General procedure
3.1. Sample pretreatment

Samples of red alga (A. armata) were collected in June
2002 from the southern Mediterranean coast of Algeria, in
Tipaza village. The alga was washed with water, spin dried,

shade dried and all foreign materials were removed by hand.

Two hundred grams of algae were soaked with 21 of
methanol and chloroform 1:1 (v/v) mixture. The solution was
filtered over celite, with an average porosity ofia®, under

3.4. Solid phase extraction and HPLC determination of
sterols

The chromatographic separation of organic extracts was
carried out in the isocratic mode using a mixture of 2,2,4
trimethylpentane and ethyl acetate in 87:13 (v/v) propor-
tion as the mobile phase and a flow rate of 1 miniin
Twenty microliters of samples or standards were injected
with 4-methoxyacetophenone as an internal standard. For
standardization, 2.66—6 mgm solutions of cholesterol in
EtAcO were used with 4-methoxyacetophenone 2 nigtinl
EtAcO as aninternal standard. Under identical conditions, the
extract of the alga was mixed with 20 of internal standard
and diluted with EtAcO. This solution was injected directly
into the HPLC system.

One hundred and ninety milligrams of organic extract,
previously saponified was passed through a DSC-18 extrac-
tion cartridge, eluted with four portions of 1ml of
dichloromethane stabilized with amylene. The residue was
dried with NSOy and evaporated to dryness. 36.6 mg of
the residue obtained were dissolved in EtAcO to a final vol-
ume of exactly 458.1, by using a micropipette of 1004
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(£0.6). Twenty microliters of this solution were injected into (b)
the HPLC system.

/ J\ 1049
v
4. Results and discussion NN N pon I

4.1. FTIR spectra of cholesterol and cholesteryl acetate @

Absorbance

Fig. 1 shows the FTIR spectra of standard solutions of / Jk
cholesterol (Fig. 1a), cholesteryl acetate (Fig. 1b) and that of I g‘__,\,_JN\xJ U
a sample extract of alga (Fig. 1c) in GEl,. As can be seen, 4000 3500 3000 2500 2000 1500 100C
in the region between 2935 and 2850¢hall spectra show Wavenumbers (cm-')
intense bands due th&CH,— and—CHjz groups. Cholesterol
present also an intense band at 1049 tiinat corresponds Fig. 2. FTIR spgctra for_lOO mg for_ a real sample of the extract of the red
to the secondary-G0H. The—OH group of cholesterol and aIgaA._qrmqta,dlssolved in CIjCIz_Wlthout any pre-treatment (a),and_after.

saponification and preconcentration in a DSC-18 cartridge and elution with

bands at 3602 and 3679 cth Cholesteryl acetate has an CH,Cl, stabilized with amylene (b).
intense band at 1725 cmh, characteristic of the carbonyl
group, and the acetate group provide-a3Cstretching band
at 1261 cnt! and a second IR €C band at 1032 cm'
[21]. This specific band of cholesteryl acetate at 1032tm
disappears after the saponification reaction to afford the char-
acteristic bands of cholesterol at 1049, 3602 and 3679cm

On comparing the spectra of standard solutions (Fig. 1a)
with those of a real sample (Fig. 1c), it can be seen that
the direct determination of cholesterol in red alga by FTIR
spectrometry could be difficult without a previous isolation
and preconcentration process (deég. 2a). Therefore, in
this study where the sample is very complex, the absorbanc
measurements at 1049 chwere obtained after saponifi-
cation then preconcentration of the unsaponificable fraction.
Absorbance values for both, samples and standards were
corrected, with a base line established between 1079 andrable 1

tion lines obtained in either G, or CHCL stabilized with
eitherB-amylene or ethanol were obtained. As se&hle 1,
CH>ClI, stabilized with amylene is an appropriate solvent,
providing a low limit of detection (about 36gmli~—1),
an extremely good variation coefficient of the absorbance
signals of 1.2% and a good linearity of the calibration
lines.

As it can be seen irFig. 2, the direct determination
of cholesterol from an extract of red algae dissolved in
eCH2C|2 is not possible due to the presence of cholesteryl
acetate and other matrix components. The saponification of
the extract transforms cholesteryl esters to free cholesterol

1000 cnti. Analytical features obtained for cholesterol determination by FTIR using
different solvents
4.2. Solid-phase extraction FTIR spectrometric Solvent/stabilizer Parameters
determination of cholesterol CHyClpy/amylene  Regression line 0.00234 +0.01743C
Correlation coefficient (r) 0.9999
In order to made the determination of cholesterol levels in L.D. (ngmi~?) 10.5
red alga by FTIR the analytical features of different calibra- R.S.D.% (=10) 12
CH,Cly/ethanol Regression line 0.00228 +0.01660C
2935 Correlation coefficient (r) 0.9999
| 2850 L.D. (mgmi—1) 21.9
(a) Cholesterol N 1049 R.S.D.% (’F 10) 0.19
3602 1465 1380 -
3679 _ ,ijw CHClz/amylene Regression line 0.00225 +0.01455C
© Correlation coefficient (r) 0.9998
g f\ L.D. (ngmi~1) 18.2
< (c) Extractofred alga
£ _J \/\ R.S.D.% (= 10) 0.11
I 1462 1145
- AN (PSR CHCly/ethanol Regression line 0.00892 +0.00886C
(1725 Correlation coefficient (r) ~ 0.9985
(b) Cholesteryl acelate 1261 1032 L.D. (}Lg mlil) 37.0
‘\ ,\ R.S.D.% (1= 10) 2.3
i AP ey e — VJ C: concentration in mgmil; R.S.D. (in %): relative standard deviation
4000 3500 3000 2500 2000 1500 1000 (C=10.28 mgmt?). L.D.: limit of detection expressed ipgmi~—! and
Wavenumbers (cm-!) established fok =3 (a probability level 99.6%)Experimental conditions:
Measurements were carried out at a nominal resolution of 4-c6 scans
Fig. 1. FTIR absorbance spectra of: cholesterol 10 mgh(d); cholesteryl were accumulated and 0.5 mm optical path length and @adfe used. A
acetate 10mg mft (b), and an extract of red alga containing 100 mgl band at 1049 cm! was selected and the baseline was established between

(c) dissolved in CHCI; without any pre-treatment. 1079 and 1000 crrt.
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Table 2 cholesteryl acetate were analyzed using BondElut C18 as

Comparison of calibration plots obtained for cholesterol i,CH and for solid phase extraction and different solvents for the elution

;rgz%rélzi Ehféecséft:%ggd cholesteryl acetate after saponification and SPE, -oos The average yields obtained from the solid phase
extraction-elution process by using @€, stabilized with

Parameters Cholesterol: direct Mixture: after . 0
CH,Cl, solution saponification and B-amylene as solvent of Qlutlon were 5% for choles-
SPE terol and 66+ 5% for the mixture of cholesterol and acetate.
ili i I 0,
Regression line 0.00289+ 0.01772C _0.00111 +0.01149 CHCl stabilized wnh ethanol give 71&7A)for cholesterol
c and 61+ 4% for the mixture. Data found by using CHGlta-
Correlation coefficient (r) 0.9999 0.9970 bilized with -amylene and CHGlwere 54+ 6 and 514- 4%
L.D. (ngmi~?) 111 51.2 for cholesterol and mixtures with cholesteryl acetate and
E'S'D-% (=10) 8-252 0.33 these found for CHGlwith ethanol were 58 3 and 46+ 7%,
O(rrfg nmtlr,alt;on range =25 respectively, thus, it indicates that dichloromethane is a suit-

able solvent for both FTIR determination and SPE of choles-
C: concentration in mgmil; R.S.D. (in %): relative standard deviation terol and its ester.

(C=10.28 mg mt? for cholesterol and 12 mg mt for the mixture); L.D.: T lect the most ropriat lid oh for extraction of
limit of detection expressed ing ml~! and established for=3 (a prob- o selectthe mostappropriate solid phase for extraction o

ability level 99.6%). These results were obtained by the comparison of the total sterolic fraction from unsaponifiable phase, different

the calibration lines obtained for cholesterol in £ solutions and for commercial C18 (Octadecyl) SPE cartridges were tested:

aqueous solutions of a mixture of cholesterol and cholesteryl acetate in theBondElut C18, DSC-18 and C18, being found extraction

proportion_gzl p_reviously saponilfied, precon(':(.entrated on the cartridges andyie|dS of 72+ 4, 92+ 7 and 68+ 4% respectively. Thus it

eluted off-line with CHCly. Experimental conditions: Measurements were . . .

carried out at a nominal resolution of 4 chy 15 scans were accumulated can be see that, only DSC-lS cartridges retam guantltatlvely

and 0.5 mm optical path length and Gaffere used. A band at 1049 cr the total sterolic fraction from the unsaponifiable phase,

was selected and the baseline was established between 1079 and 1800cm being also found by those cartridges an average extraction

field of 924 8% on considering mixtures of cholesterol and

but it produces a dilution of the analyte and the aqueous cholesteryl acetate.

medium is not suitable for the direct measurement by FTIR.

In this sense we have used the solid phase extraction ands.4. FTIR determination using preconcentration by SPE

elution with CHCl, as a separation and preconcetration

technique for total cholesterol analysis after the previous  After saponification reaction of a mixture of cholesterol

saponification. and cholesteryl acetate in 9:1 proportion, as described in Sec-
It has been reported in the literature high differences in tion 2, the cholesterol was extracted and preconcentrated by

the sterol composition of algae, which could be explained using solid phase extraction cartridges with 1g of a DSC-

by seasonal or geographical chanffg&2]. So for the eval- 18 phase, previously conditioned with methanol and water.

uation of the saponification process and the SPE and FTIRResults obtained by “in batch” elution of loaded cartridges

determination of cholesterol, aqueous solutions spiked with with four portions of 1 ml of CHCI, stabilized with amylene

cholesterol and cholesteryl acetate in an arbitrary proportion demonstrated that the total efficiency of the retention-elution

9:1 (w/w) were saponified and extracted through BondElut process corresponded to 86%. These results were obtained

C18 cartridges. Results found for samples were interpolatedby comparison of the calibration lines obtained with ZCHp

in a calibration line obtained for standards of cholesterol solutions of cholesterol and with aqueous solutions of a mix-

directly prepared in CbCl,. ture previously saponified, preconcentrated on the cartridges
Results summarized fable 2show thatthe IRdetermina-  and eluted off-line with CHCl,. Results obtained evidence

tion of cholesterol in CHClz, using absorbance peak height the need to prepare the standards in the same way than

values at 1049 cm* indicates an incomplete extraction of samples in order to assure a quantitative determination of

this compound from the unsaponifiable phase of treated stan-cholesterol from the esterified fraction.

dards. In this context, it must be noted that the equation

of aqueous solutions of a mixture was compared with that 4.5. Determination of total sterols in real samples of red

obtained for cholesterol standard dissolved in>CH in alga by FTIR

order to obtain the total amount of both sterols, free and

linked. In fact the recovery of cholesterol could be estimated ~ One hundred milligrams of the extract of the red alga,

on 65% from the comparison of the two obtained slope values armata, previously filtered and prepared as described in Sec-

of the calibration lines. tion 2 were analyzed by FTIR using the stopped-flow mode.
The FTIR spectrum of a real sample obtained after treatment

4.3. Selection of conditions for solid phase extraction of is shown inFig. 2b. The real samples of extract submitted

cholesterol and cholesteryl acetate to the same treatment as the standard solutions containing

cholesterol and cholesteryl acetate 9:1 (w/w) provided a con-
A series of spiked samples, containing 10.0mgnl  centration of sterol in the extract of red alga of 3438.01%,
cholesterol or 11.1 mgmtof a mixture of cholesterol and ~ which shows a very good precision.
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Fig. 3. Chromatograms of a series of four standards containing choles-
terol and internal standard (4-methoxy acetophenone). Al 26lume was
injected into a purosph@Star Si (4.6 mmi.dx 250 mm) analytical column.

A flow of 1mlmin—1 of TMP:EtOAc 87:13 (v/v) was used for separation
and differential refractometer was used as detector.

4.6. Comparison of the concentration of sterols in red
alga obtained by FTIR and HPLC

To confirm the accuracy of the FTIR procedure high per-
formance liquid chromatography was applied to the deter-

Signal of detector

] (b)

\4

T T
10 20

Retention Time (min)

Fig. 4. Chromatograms for real samples of the extract of red dlgaeara:
without any pretreatment (a) and after saponification and SPE in a DSC-18
cartridge (b). (1) is the peak of the internal standard, and (2) the peak of the
sterol.
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mination of sterols in the red alga, following the proce-
dures given in Sectio.4.Fig. 3shows the chromatograms
obtained for a series of four standards containing cholesterol,
which was eluted at 12.2 min, and 4-methoxy acetophenone,
as internal standard, which was eluted at 8.8 min.

The regression equation, between the ratio of peak area
values found for cholesterol and internal standard can be
described byC=1.29A4+ 0.211, with a regression coefficient
of 0.9987 in the concentration range of cholesterol from 2.66
to 6 mgmi.

Fig. 4a shows the chromatogram obtained for a real sam-
ple of extract of red alga dissolved directly in EtAcO and a
chromatogram of the extract prepared for the determination
of total sterols after saponification and SPE (Fig. 4b). From
these, data concentration of 1%.4 and 3.3t 0.2% were
found for free cholesterol and total cholesterol, respectively.

The concentration obtained by HPLC and FTIR inred alga
were 3.3: 0.2 and 3.3 0.01%, respectively. These are in
excellent agreement.

5. Conclusion

The studies carried out have shown that total sterols in
extract of the red alga. armata can be determined by FTIR
after saponification and solid phase extraction through DSC-
18 cartridges. The determination can be carried out at the
absorbance of 1049 cm corrected with a baseline estab-
lished between 1079 and 1000th

The method proposed in this paper is easy, rapid, repro-
ducible and provides similar values to those obtained by
HPLC.
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