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Abstract

Biogenic polyamines, among which is spermidine (SPD,,NiEH,),—NH—(CH,);—NH,), are ubiquitous polycationic
molecules that have a definitive role in many biological processes, such as nucleic acid metabolism, protein synthesis and
cell growth. SPD is present in diet integrators because it seems to favour the hair growth. This work describes a capillary gas
chromatographic (CGC) method for the quantitative determination of SPD in diet integrators using cadaverine internal standard
(IS), a methyl siliconic capillary column and flame-ionization detector (FID). Diet tablets, containing SPD, are pulverized; an
aliquot of powder is treated with an alkaline aqueous solution and added with IS. The suspension is extracted with diethyl ether
containing ethyl chloroformate (ECF). The ether extracts, evaporated to dryness and reconstituted in ethyl acetate were analyzed
in CGC/FID. Derivatives of polyamines with ECF were characterized in CGC/MS too. Validation has considered specificity,
linearity, precision and accuracy of analytical method; this parameters are valid for the quantitative determination of SPD in diet
integrators.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction membranes, metabolic regulators and second messen-
gers[1,2].
Spermidine (SPD, NB-(CHyp)4—NH—(CH)3—NH>), High levels of polyamines were found in many

a polyamine widely distributed in nature, plays a diseases such as cancer, infections, psoriasis, poly-
definitive role in many biological processes. Many cythemia rubra vera, systemic lupus erythematous,
studies proved the function of polyamines as growth uremia, cystic fibrosis, insulin-dependent diabetes
factors, antioxidants, stabilizers of DNA, RNA and mellitus, muscular dystrophy and Alzheimer’s disease.
Endogenous polyamines derive from biosynthesis

and retroconversion, exogenous sources are diet and
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contribute to the whole body polyamine contéh6],
besides, mineral vitaminic integrator containing SPD,
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Quest CE Instruments, Austin) with PTV injector
equipped with an AS 2000 (TQ) automatic sampler,

advisable to fight free radicals in excess and to favour electronic pressure control and flame-ionization de-

hair growth, are recently traded.

A great number of chromatographic methods for
the quantitative determination of SPD are reported: by
high-performance liquid chromatography (HPLC), us-
ing a pre- and post-column derivatization or different

derivatizing reagents according to spectrophotomet-

ric, spectrofluorimetric or electrochemical detection;
by capillary gas chromatography (CGC), involving
ethyloxycarbonyl derivatives or isobutyloxycarbonyl,
pentafluoropropionyl, trifluoroacetyl and heptaflu-
orobutionyl derivatives, obtained from reaction of
polyamines with appropriate acid anhydridés12].

The aim of this work is the quantitative determina-
tion of SPD in diet integrators. The proposal capillary
gas chromatographic method, resulting simple, fast,
specific, linear, precise and accurate, is particularly
suitable for resolve extractive troubles of SPD due to
the complexity of a matrix like a diet integrator.

2. Experimental
2.1. Materials and reagents

Spermidine trihydrochloride and 1,5-diaminopen-
tane dihydrochloride (cadaverine dihydrochloride,
internal standard (IS)) were purchased from Sigma—
Aldrich (Steinhen, Germany); ethyl acetate and ethyl
chloroformate (ECF) were obtained from Merck
(D-6100 Darmstadt, FR, Germany); diethyl ether
from Carlo Erba Reagenti (Rodano, Italy) and NaOH
from J.T. Baker (Deventer, Holland) were purchased.

Water was obtained from Milli-Q ultra-purifying
system, 18.2 Me/cm (Millipore SA-67120 Molscheim,

tector (FID).
2.3. Chromatographic conditions

The column used was an HP-5 (5% phenyl methyl
siloxane) fused-silica capillary column (12m
0.32mm i.d., 0.2%um film thickness), which was
obtained from Agilent Technologies (Palo Alto, CA).
Purified helium was used as carrier gas at constant
pressure to assure a column flow rate of 1 ml/min.
Detector gas flow rate was 9 and 350 ml/min for hy-
drogen and air, respectively. The column temperature
was programmed from an initial 90-100 at a rate
of 5°C/min, increased at 2@/min to a final tem-
perature of 300C and constant at 30 for 3 min.
Injector initial temperature was 25C for 120 s and
increased at 20C/s to 300°C; detector tempera-
ture was 300C. One microlitre of the samples was
injected using a split rate of 15:1. In these chromato-
graphic conditions, the SPD and IS retention time
(tr) was about 9.4 and 6.5 min, respectively.

2.4. SPD standard solution

To prepare a standard solution (1 mg/ml), 50 mg of
SPD, accurately weighed, were placed into a 50 mi
volumetric flask and dissolved in water. Three standard
solutions were prepared and for each one appropriate
aliquots were added to the placebo obtaining standard
samples.

2.5. IS solution

IS solution was prepared dissolving 20 mg of cada-

France). All solvents and reagents used in this study verine dihydrochloride, accurately weight, in 100 ml

were of analytical grade.

Diet integrator batchs (Bioscafth with Bioge-
ning®), tablets containing SPD, and diet integrator
placebo were provided by the Giuliani S.p.A. (Milan,
Italy).

2.2. Apparatus

The CGC analysis were performed using a Ther-
moQuest (TQ) 8000 Top gas chromatograph (Thermo

volumetric flask; water was used as the diluent (0.2
mg/ml). Half millilitre of this solution were added to
the unknown samples as well as to the standard sam-
ples for the quantitative determination.

2.6. Standard samples
In a Sovirel tube, 500 mg of placebo were spiked

with appropriate amounts of SPD standard solution
and volumes of water so to add total 0.5ml and to
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Table 1
SPD concentration in standard samples
n Aliquot (ml) of Volume (ml) of SPD concentration in 1S
SPD standard  water added to standard samples
solution added standard (Mgspp/500 Mgiacebd
to standard samples
samples
1 0.20 0.30 0.20
2 0.30 0.20 0.30
3 035 0.15 0.35 L “U
4 040 0.10 0.40 | L N N
5 045 0.05 0.45
6 050 0.00 0.50 (@) 65 94

obtain standard samples at SPD concentrations re-
ported inTable 1 Three sets of standard samples, for
each one SPD standard solution, were prepared.

IS SPD

2.7. Sample preparation

Ten diet integrator tablets were pulverized. To kk ‘ . J*L'U*w\m—*'u L

500mg of powder, 0.5ml of IS solution and 10ml (b) 6.5 9.4
of 4N NaOH were added, obtaining an homogeneous
suspension.

Samples, diluted with 4ml of diethyl ether and
derivatized by adding 0.1 ml of ECF, were extracted.

. Table 2

The organic layer was transferred to another tube and geyression analysis of the SPD determination
it was evaporated to dryness.

The residue was dissolved in 200f ethyl acetate ~ M9sPY/500 Maceno
and an aliquot of Jul was injected into the gas chro-  Calibration curve |
matograph. Standard samples were subjected to same 09-20 1.1938 5.97
preparation described for the unknown samples. 30 1.7919 5.97

Fig. 1. CGC chromatogram of diet integrator placebo spiked with:
(a) IS; (b) diet integrator sample.

Aspp/Ais RR

0.35 2.3082 6.59

0.40 2.7619 6.90

0.45 3.0625 6.81

3. Results and discussion 050 3.5690 7.14
Calibration curve ||

The average weight of diet integrator tablets was  9-20 1.2432 6.22

about 750mg, containing 0.50mg of SPD, there- g'gg ;';Zgg 2'22

fore the method was vglidated anal_yzing the samples 49 26072 6.52

(500mg of powder) with a theoretical SPD content .45 2.8182 6.26

of 0.33 mg. SPD concentration in samples was calcu- 0.50 3.0345 6.07
lated by following ratio: Calibration curve IlI

0.20 1.4908 7.45

SPD MOspp \ Aspp/Als 0.30 2.1352 7.12

500mg/ ~ RRmean 0.35 2.1993 6.28

0.40 2.5484 6.37

: : 0.45 2.8945 6.43

where SPD (mgpp/500 mg) is the SPD concentration 0.50 31121 620

in 500 mg of powderAsppthe SPD peak are#ys the




412 V. Gambaro et al. / Journal of Pharmaceutical and Biomedical Analysis 35 (2004) 409-413

IS peak area, and RRanthe mean of RR calculated Table 3

in linearity study: Statistical results of linearity
R2 Intercept Slope RRean CV%
Aspp/Als

RR= C— Calibration curve |
st 09961  —0.4828 7.9927 6.5642 75

where Cg; the SPD concentration (mg) in standard calipration curve i
samples. 0.9937 0.0165 6.2026 6.2451 3.2

The performance of thls_ gas cl*_nr_omatqgraphlc Calibration curve IIl
method was tested evaluating specificity, linearity, 0.9929 0.4253 5.3765 6.6471 7.7

precision and accuracy.

3.1. Specificity IS peak area) versus the SPD concentration in each
standard sampleTébles 2 and B
No interference at the retention time of the sub-
stances (SPD or IS) was obtained in the analyses of 3.3. Precision
placebo and placebo spiked with SPD andHg&y(1).
The intra-day precision was evaluated by RE»
3.2. Linearity and coefficient of variation (CV%) of six standard
samples containing 0.35 9ep/500 M@jacebo ana-
The linearity was evaluated on three sets of standard lyzed in the same day. The inter-day precision was
samples in the range 0.20-0.504pg/500 M@iacebo determined analyzing in three different days six stan-
preparing one calibration curve for each set by the least dard samplesn( = 18), at 0.20, 0.30, 0.35, 0.40,
squares method. Linear regression lines were obtained0.45, and 0.50 mg of SPD in 500 mg of placebo, and
by plotting the peak area (ratios of SPD peak area to calculating RReanand CV% {Table 4.

Abundance Scan 670 (13.799 min): SPERMI1.D
142
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O.

60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360

m/z-->

Fig. 2. Mass spectrum of SPD derivative with ECF.
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Table 4 batches are reported iffable 5 Derivatives of
Precision SPD with ECF were characterized in CGC/MS too
n RRmean S.D. CV% (Fig. 2).
Intra-day precision

6 6.1283 0.009 2.8
Inter-day precision Acknowledgements

18 6.4855 0.437 6.7

Thanks are due to Dr. Anna Benedusi, R&D Giu-

Table 5 liani S.p.A., for her collaboration and for providing
aple

Results from CGC analysis of SPD in three diet integrator batches the diet integrator tablets.

n Mgspp/500 M@jacebo CV%
(mean)

Batch 1 References

5 0.309 6.37

[1] M.Y. Khuhawar, G.A. Qureshi, J. Chromatogr. B 764 (2001)

Batch 2 385-404.

> 0.309 5.60 [2] H.M. Wallance, Eur. J. Clin. Invest. 30 (2000) 1.
Batch 3 [3] D. Teti, M. Visalli, H. McNair, J. Chromatogr. B 781 (2002)

5 0.313 6.88 107-149.

[4] C. Loser, Br. J. Nutr. 84 (Suppl. 1) (2000) S55-S58.
[5] S. Bardocz, T.J. Duguid, D.S. Brown, G. Grant, A. Pusztai,
3.4. Accuracy A. White, A. Ralph, Br. J. Nutr. 73 (1995) 819-828.
[6] M.Y. Khuhawar, A.A. Memon, P.D. Jaipal, M.l. Bhanger, J.

Accuracy was calculated as recovery percentage be- _ Chromatogr. B 723 (1999) 17-24.

: O/ [7] S. Yamamoto, H. Itano, H. Kataoka, M. Makita, J. Agric.
tween the found and known concentratigiRec%= Food Chem. 30 (1982) 435439,

(experimental valugheoretical valug x 100). Accu- [8] K.R. Kim, M.J. Paik, J.H. Kim, S.W. Dong, D.H. Jeong, J.

racy data were obtained by analysis of the standard Pharm. Biomed. Anal. 15 (1997) 1309-1318.

samples at 0.30, 0.35, and 0.404pg/500 mg SPD [9] G. Skarping, M. Dalene, T. Brorson, J.F. Sandstrom,
concentration, for each calibration curve=£ 9) and C. Sango, A. Tiliander, J. Chromatogr. 479 (1989) 125-
the Rec%(mean) was 99.66%. 133.

[10] M.H. Choi, K.R. Kim, B.C. Chung, J. Chromatogr. A 897
(2000) 295-305.

[11] S. Yamamoto, A. Iwado, Y. Hashimoto, Y. Aoyama, M.
Makita, J. Chromatogr. 303 (1984) 99-108.

The results of the SPD quantitative determination [12] S. Yamamoto, M. Yokogawa, K. Wakamatsu, H. Kataoka, M.

by proposal method in the examined diet integrator Makita, J. Chromatogr. 233 (1982) 29-38.

3.5. Analysis of diet integrator tablets
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