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DONOR-ACCEPTOR CHIRAL CENTRIFUGAL 
PARTITION CHROMATOGRAPHY: COMPLETE 
RESOLUTION OF TWO PAIRS OF AMINO-ACID 

DERIVATIVES WITH A CHIRAL II DONOR 
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ABSTRACT 

Two racemic compounds, namely N-(3,5-dinitrobenzoyl)-tert
butylvallnamide, and N-(3,5-dlnltrobenzoyl)-tert-butylleucinamide, have been 
successfully completely resolved by centrifugal partition chromatography, using 
N-dodecanoyl-L-Proline-3,5-dimethylanilide as a chiral selector, and a biphasic 
system made with heptane, ethyl acetate, methanol and water. This opens the 
way to a better understanding of this class of separation by centrifugal partition 
chromatography. 
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INTRODUCTION 

While resolution of optical isomers by liquid column chromatography using 

chiral stationary phases becomes more and more popular and diversified, with 

more than 100 commercial chiral solid phases1, very few works have been 

published concerning this kind of separation by countercurrent chromatography 

or by centrifugal partition chromatography, Both techniques refer to 

support-free liquid-liquid chromatography with two immiscible liquids prepared 

by mixing two or more solvents or solutions; an instrument keeps one liquid 

stationary while the other liquid is pumped through it, and the chromatographic 

process occurs between the two liquid phases 

Partial resolution of ± Norephedrine, using (R, R)-di-5-nonYltartrate as a 

chiral selector, and the biphasic system 1,2-dichloroethane I 0,5 M NaPF6 in 

water, pH 4, has been obtained in around 4 days at 2 or 8 2C, using a Rotary 

Locular countercurrent chromatographic system (RLCCC) with 592 locules2 For 

this separation, the tartrate appears as an enantioselective ionophore toward 

the Norephedrine, ammonium salt3, 

Complete resolution of D,L-Isoleucine was obtained using N-dodecyl-L

Proline as a chiral selector, with the biphasic system l-Butanol I Water, pH 5,5, 

and Cull ions as the metal center for Ligand Exchange Chromatography, 

Separation was performed with a droplet countercurrent chromatograph 

(DCCC) in approximately 2 days4, A racemic carboxylic acid was resolved using 

R-2-aminobutanol as a chiral selector and the biphasic system Chloroform I 

Methanol I Water, pH 7, in about 40 hours, with a DCCC5 For these two 

separations, interactions are mainly ionic, 

A few partial resolution of amino-acids or drug enantiomers using aqueous 

two phase systems and a protein as the chiral selector have also been 

published 6J 

Combination of an enzyme reactor with a centrifugal partition 

chromatograph (CPC) has been used to resolve racemic amino-acid esters into 

the L free amino acid and the D amino-acid ester; incubatiOn time was 5 hours, 

and CPC separation time was 3 hoursS. 
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Using a high performance centrifugal partition chromatograph (HPCPC)9, 

we undertook some experiments in our laboratory, and before the successful 

separation described in "Results and Discussion", we had some unsuccessful 

experiences that we would like to summarize, as we think these experiences 

could help other groups working in this field. 

11 B-Cyclodextrin (B-CD) as a chiral selector: 

~-CD stationary phases for column chromatography has been developed 

by D. W. Armstrong et 01. 1 0. ~-CD has been reported to be very soluble in 

mixtures of water and dimethyl sulfoxide11 , and is readily soluble in the lower 

phase of any two-phase system WDT, made with Water / Dimethyl sulfoxide / 

Tetrahydrofuran 12 ( up to 0.1 M, i.e. ~57 g/I). We were using the system WDT 5 

(water / DMSO / THF, 24.5/ 16.2 / 59.3, v/vfy, with (~-CD) = 0.05 M) to resolve 

the Trogger Base (2,8-dimethyl-6H, 12H-5, 11 -methanodibenzo[ b.fJ[ 1,5] 

diazocine13, using the upper phase as the mobile phase. With this system the 

partition coefficient of the Trogger Base (D st~~~~ry) is 0.17 without the [:I-CD, 

and 0.42 with the ~-CD, which seems to prove an interaction between the fl-CD 

and the Trogger Base. But no detectable resolution occurred. 

21 (2R.3R)-di-n-butyl tartrate COST) as a chiral selector: 

Chiral separations on reversed phase columns with DBT added to the 

mobile phase have been fully studied by C. Pettersson et 01. 14 Optimum 

selectivity is found at high loading of DBT on the support. Based on these results, 

we tested the ternary system Heptane / DBT / phosphate buffer in water.(PB), 

the ternary diagram of which is not available. Starting from the system DBT / PB, 

for which the organic phase is heavier than the aqueous phase, we added 

aliquots of heptane; the resulting liquid system is always biphasic, which is not 

surprising, but around the ratio HEP / DBT / PB 1/4/4 (v/v/v), the two phases have 

the same densities (L'l.p = 0), and there is no settling; adding more heptane 

results in a DBT rich upper phase and a water rich lower phase, which can be 

used in CPC, despite the rather high viscosities of the two phases. 

We selected the system HEP / DBT / PB 0.1 M, 25/25/50, vfy/v, which 

corresponds roughly to a solution 2 M of DBT in heptane as the organic upper 

phase, and an aqueous lower phase; adding hexafluorophosphate 0.1 M as a 
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counterion in the lower phase results in a triphasic system, part of the heptane 

being excluded from the OBT rich upper phase, After removing this heptane, the 

final biphasic system is then more than 2 M in OBT in the upper phase, which is 

then used as the stationary phase in CPC, and is quite stable under normal 

operating conditions, We tried to resolve ± Norephedrine with this system, but, 

due to the rather high viscosities of the two phases, we just observed a broad 

peak coming out, even at higher rotational speed 15 (1700 rpm), The flow rate 

was limited to 0,5 ml/min, because of the resultant hydrodynamic pressure16, 

31 First attempt of charge transfer chiral chromatography: 

The first charge transfer chiral selector tested in our laboratory was the 

N, N' -bis-[ N-(3,5-dinitrobenzoyl)-(S)-phenylala nylj-3, 6-dioxa- 1, 8-octanediamine, 

(l),(Figure l)(see Experimental), Racemic compounds similar to (1) display very 

high selectivity factors (a. > 100) when chromatographed on a (S)-N-(2-

naphtyl)alanine silica stationary phase 17. 

Solubility of (1) is very low in most solvents, except in OMSO, and this is why 

we tested (1) with the biphasic system called WOT 3, i.e water I OMSO I THF, 

16,7 I 25.1 158,2, v/v/v. In this system, up to 10 giL of [Ij can be dissolved in the 

upper phase (THF rich). 

The system WOT 3, (1) = 10 giL in upper phase, has been used in the 

descending mode to try to resolve the ± Lorazepam, which is known to be easily 

resolved on a N-(3,5-dinitrobenzoyl)-L-phenylalanine silica stationary phase 18; 

the rotational speed was 1400 rpm and the flow rate was 3 ml/min, Even with 

the high partition coefficient observed for (1), on-line UV detection is not 

possible in these experiments because of the presence of amount of (1) in the 

mobile phase; TLC monitoring of the collected fraction was more convenient, 

but we did not observe a chiral resolution for the racemate, which had a 

partition coefficient of ~3,6 in this system, 

From experiment 1 and 2, we concluded that transposition of HPLC 

experiments where the observed selectivity factors are in the range 1.1 to 1.5, 

to CPC result in a chiral defeat, maybe because the chiral selector is not linked 

to a rigid matrix, which is known to playa role upon the enantioselectivity 19,20, 

Experiment 3 will be further investigated, as its failure can be due to a poor 

choice of the racemate to be resolved, 
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+ 

Figure 1 Synthesis of N,N'-bis-[N-(3,5-dinitrobenzoyl)-(S)-pheny/a/any/j-3,6-

dioxa-7,8-octanediamine (1). 

This paper describe experiment 4. which was a success. and where the 

chiral selector is similar to a selector recently described by W.H. Pirkle et 01.21. 

which display high recognition for specific racemic compounds. 

EXPERIMENTAL SECTION 

Chemicals 

N,N' -bis-[N -(3, 5-dinitrobenzoyl) -(S)-phen ylalany/] -3, 6-dioxa- 7,8-

octanediamine (1). To a solution of 3.6 g (25 mmol) of 3.6-dioxa-1,8-

octanediamine and 17.9 g (50 mmol) of N-(3,5-dinitrobenzoyl)-(S)

phenylalanine22 in 400 ml of tetrahydrofuran (THF). a solution of 12.4 g (50 

mmol) of 2-ethoxy-1-ethoxycarbonyl-1 ,2-dihydroquinoline (EEDQ) in 50 ml of THF 

was added at room temperature. The mixture was refluxed during 3.5 hours, 

then the solution was evaporated. The residue was diluted with 

dichloromethane and washed with 1% ortophosphoric acid, 0.2M potassium 

hydroxide and distilled water. After drying over sodium sulfate. the solution was 

evaporated and the residual solid collected. Recrystallization from ethanol

water gave 10.4 g (51% yield) of a solid. m.p. 214°C. 1H-NMR (200 MHz): () 
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(DMSO·d6) 2.9·3.6 (m, 16H, 2CH2Ar, 2CH2N and 4CH20), 4.80 (m, 2H, 2CH), 

7.1·7.4 (m, 10H, 2C6H5), 8.33 (t, 2H, 2NHCH2), 8.94 (m, 2H, 2C4H), 9.02 (m, 4H, 

2C2,6H), 9.45 (d, 2H, 2NHCH). IR (KBr): 3289 cm· 1 (NH st), 1639 cm· 1 (CO st, 

Amide I), 1537 cm· 1 (N·C=O st sl, Amide II and N02 st as), 1343 cm· 1 (N02 st si), 

1078 cm· 1 (C·O st as). [a] D22 =·5.6° (c= 1.0, THF). Analysis calculated for 

C38H38N8014, C 54.94, H 4.61, N 13.49; found, C 55.04, H 4.55, N 13.15 %. 

N·dodecanoVI·L·proline (2). L·Proline (11.6 g, 100 mmol) was dissolved in 

150 ml of 1 M sodium hydroxide solution and cooled in an ice·bath. The 

dodecanoyl chloride (24.1 g, 110 mmol) and 200 ml of 1 M sodium hydroxide 

solution were added simultaneously over a period of 20 min. The solution was 

stirred at room temperature for 45 min and acidified with concentrated 

hydrochloric acid (pH 2·3). The solution was extracted with diethyl ether and the 

organic phase washed with a 12 % sodium chloride solution. After drying over 

sodium sulfate it was evaporated and 30 g (100% yield) of an oil collected 

(Figure 2). 

N·dodecanoVI·L·proline·3,5·dimethvlanilide (3). To a solution of 6.5 g (54 

mmol) of freshly distilled 3,5·dimethylaniline and 15 g (50 mmol) of N· 

dodecanoyl·L·proline in 200 ml of THF, a solution of 12.6 g (50 mmol) of EEDQ in 

100 ml of THF was added at room temperature. The mixture was allowed to 

react 24 Hrs at room temperature, then the solution was evaporated. The 

residue was diluted with dichloromethane and washed with 1 % orthophosphoric 

acid, 0.2M sodium hydroxide and distilled water. After drying over sodium 

sulfate, the solution was evaporated and the residual collected. Recrystallization 

from ethanol·water gave 17.6 g (88% yield) of a white solid, m.p. 63°C. 1 H·NMR 

(200 MHz): () (CDCI3) 0.88 (t, 3H, CH3), 1.25 (m, 18H, 9CH2), 1.67 (m, 2H, C3H2· 

Pro), 2.07 (m, 1 H. C2Ha·PrO), 2.27 (s, 6H, ArCH3), 2.30 (m, 2H, CH2CO), 2.60 (m, 

lH, C2Hb·PrO), 3.47 (m, 2H, CH2N), 4.80 (d, 1H, CH), 6.70 (s, lH, C4'H). 7,17 (S. 

2H, C2',6'H), 9.62 (s, 1 H, NH). IR (KBr): 3325 cm· 1 (NH st), 1626 cm· 1 (CO st, 

Amide I). [a]D 22 =.66.9° (c=1.2, ethanol 96°). Analysis calculated for 

C25H40N202.H20, C 71.73, H 10.11, N 6.69; found, C 71.78, H 9.64, N 6.53 %. 

(Figure 2). 

(±) N·(3,5·dinitrobenzovl)amino acids. The appropriate racemic amino 

acid (23 mmol) was dissolved in 50 ml of 1 M sodium hydroxide solution and 
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O!--OH 
N H + 
I 

H L-Pro 

o 
II 

CH3(CH2 ho - C - CI 
I) NaOH 

2) HCI-

!) NaOH 

2) HCI-

R= -CH-(CH3h 4,6 

-CH2CH-(CH3)2 5,7 

2307 

2 

Figure 2 Synthesis of the chiral selector and of the racemics used in 
centrifugal partition chromatography, 

cooled in an ice-bath. The 3,5-dinitrobenzoyl chloride (5.3 g, 23 mmol) and 50 

ml of 1 M sodium hydroxide solution were added simultaneously over a period 

of 20 min. The solution was stirred at room temperature for 90 min and acidified 

with concentrated hydrochloric acid (pH 2-3). The resulting solid was collected 

by filtration and washed with water. Recrystallization from ethanol-water gave 

the corresponding N-(3,5-dinitrobenzoyl)amide. 
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(±) N-(3,5-dinitrobenzoyl)valine (4). Yield 41%. m.p. 187°C. 1 H-NMR (200 

MHz): i\ (CDCI3/CD30D) 1.06 (d, 6H, 2CH3), 2.36 (m, 1 H, CH), 4.74 (d, 1 H, CHN), 

9.09 (d, 2H, C2,6H), 9.17 (d, 1 H, C4H). 13C-NMR (50.3 MHz): i\ (CDCI3/CD30D) 

17.8 and 18.9 (2CH3), 30.9 (CH), 58.2 (CHN), 121.0 (C4H), 127.6 (C2,6H), 137.3 

(C 1), 148.4 (C3,5), 163.3 (CON H), 173.7 (COOH). IR (KBr): 3323 cm- 1 (NH st), 

1714 cm- 1 (CO st. COO H), 1633 cm- 1 (CO st. Amide I), 1538 cm- 1 (N-C=O st sl. 

Amide II and N02 st as), 1343 cm- 1 (N02 st si) (Figure 2) 

(±) N-(3,5-dinitrobenzoyl)leucine(5). Yield 67%. m.p. 18PC. lH-NMR (200 

MHz): i\ (CDCI3fCD30D) 098-1.03 (m, 6H, 2CH3), 1.80 (m, 3H, CHCH2), 4.77 (m, 

lH, CHN), 8.54 (d, lH, NH), 9.14 (m, 3H, ArH). 13C-NMR (50.3 MHz): Ii 

(CDCI3/CD30D) 20.7 and 22.4 (2CH3), 24.6 (CH), 39.7 (CH2), 51.4 (CHN), 120.5 

(C4H), 127.4 (C2,6H), 137.0 (C 1), 148.1 (C3,5), 163.5 (CONH), 174.2 (COOH). IR 

(KBr) 3375 cm- 1 (NH st), 1722 cm- 1 (CO st. COO H), 1644 cm- 1 (CO st. Amide I), 

1538 cm- 1 (N-C=O st sl. Amide II and N02 st as), 1346 cm- 1 (N02 st si) (Figure 2). 

(±) N-(3,5-dinitrobenzoyl)-tert-butylamido derivatives of amino acids. To a 

solution of 9.6 mmol of N-(3,5-dinitrobenzoyl)amino acids and 10 mmol (2.5 g) of 

EEDQ in 50 ml of THF, 10 mmol (0.7 g) of tert-butylamine were added at room 

temperature. The mixture was refluxed during 18 hours and the resulting solution 

was evaporated. The residue was diluted with dichloromethane and washed 

with 5% sodium hydrogen carbonate, 1 M hydrochloric acid and distilled water. 

After drying over sodium sulfate, the solution was evaporated and the residual 

solid collected. Recrystallization from ethanol-water gave the corresponding 

amide. 

(±) N-(3,5-dinitrobenzoyl)-tert-butylvalinamide (6). Yield 89%. m.p. 235°C. 

1 H-NMR (200 MHz) Ii (CDCI3) 1.01 (t, 6H, 2CH3), 1.38 (s, 9H, tBu), 2.25 (m, 1 H, 

CH), 4.35 (t. 1 H, CHN), 5.82 (s, 1 H, NH), 7.78 (d, 1 H, NHCOAr), 9.04 (d, 2H, 

C2,6H), 917 (m, 1 H, C4H) 13C-NMR (50.3 MHz): Ii (CDCI3/CD30D) 18.7 and 

19.0 (2CH3), 28.3 (tBu), 31.0 (CH), 51.6 (CqtBu), 60.6 (CHN), 121.0 (C4H), 127.7 

(C2,6H), 137.3 (C 1), 148.4 (C3,5), 163.0 (NHCOAr), 170.6 (CONH). IR (KBr): 3324 

cm- 1 (NH st), 1639 cm- 1 (CO st. Amide 1),1544 cm- 1 (N-C=O st 5i, Amide II and 

N02 st as), 1341 cm- 1 (N02 st si) (Figure 2). 

(±) N-(3,5-dinitrobenzoyl)-tert-butylleucinamide (7). Yield 84%. m.p. 238°C. 

1 H-NMR (200 MHz): Ii (CDCI3) 0.92 (t. 6H, 2CH3), 1.37 (s, 9H, tBu), 1.63 (m, 3H, 
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CHCH2), 4.60 (m, 1 H, CHN), 5.97 (s, 1 H, NH), 8.00 (d, 1 H, NHCOAr), 9.08 (d, 2H, 

C2,6H), 9.17 (m, 1H, C4H). 13C-NMR (50.3 MHz): Ii (CDCI3/CD30D) 21.6 and 

22.4 (2CH3), 24.6 (CH), 28.0 (tBu).40.7 (CH2), 51.3 (CqtBu).53.0 (CHN), 1208 

(C4H), 127.6 (C2,6H), 137.1 (C 1), 148.3 (C3,5), 162.9 (NHCOAr), 171.5 (CON H). 

IR (KBr): 3294 cm- 1 (NH st), 1644 cm- 1 (CO st, Amide I), 1556 cm- 1 (N-C=O st si, 

Amide II and N02 st as), 1342 cm- 1 (N02 st si) (Figure 2). 

Centrifugal Partition Chromatography: 

Apparatus. A series 1000 HPCPC (Sanki Eng. Limited, Nagaokakyo, Kyoto, 

Japan) was used9 It is a bench top CPC (30 x 45 x 45 em, ~ 60 kg); the column 

is a stacked circular partition disk rotor which contains 2136 channels with a total 

internal volume of around 240 ml. The column is connected to the injector and 

the detector through two high pressure rotary seals containing a drilled sapphire 

rod paSSing through two toroidal seals similar to those used with HPLC pump 

pistons. The partition disks are engraved with 1.5 x 0.28 x 0.21 em channels 

connected in series by 1.5 x 0.1 x 0.1 em ducts. A 4-port valve included in the 

series 1000 allows the HPCPC to be operated in either the descending or 

ascending mode. The HPCPC was connected to an HPLC system gold 

(Beckman, San Ramon, CA, USA), including a solvent delivery pump model 126 

and a manual sample injector. 

The solvent system was a mixture of Heptane / Ethyl acetate / Methanol/ 

Water (see Results and Discussion); the flow rate was 5 ml/min, with a rotational 

speed of 1200 rpm. The CPC run was performed in the descending mode, and 

the backpressure was around 3 MPa. 

A HPLC Waters workstation (Waters Chromatography Division, Millipore 

Corp., Milford, MA) was used to control the optical purity of the CPC collected 

fractions. The column was a lOx 0.46 em, packed with N-(3,5-dinitrobenzoyl)-L

phenylalanine bonded to 5 /-1m silica (Chirachrom A 1, Interchim, Montlu<;on, 

France), and the mobile phase a mixture of Heptane / 2-Propanol / Methanol, 

63/27/ 10, v/v/V. The flow rate was 1 ml/min, and UV detection was performed 

at 254 nm. 
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TLC Monitoring 

CPC experiments were monitored by TLC on Kieselgel 60 F 254 spezial 

(Riedel de Haen, Seelze, Germany), with Heptane Ethyl Acetate (1:1), 

Recovering of Enantiomers 

The CPC fractions were concentrated individually under reduced pressure 

to obtain an aqueous suspension which was then extracted with Heptane / Ethyl 

acetate (1: 1). The organic phase was dried over sodium sulfate and the 

solution evaporated. The enantiomer was separated from the chiral selector by 

conventional column chromatography on silica gel (60-200 pm), using an 

Heptane / Ethyl acetate (1: 1) mixture as eluant. 

RESULTS AND DISCUSSION 

Selection of the Solvent System. 

As it is usual in centrifugal partition chromatography when a new mixture 

has to be studied, the first thing to do is to find a class of solvents where the 

mixture is freely soluble, then to achieve a biphasic system by adding non 

miscible solvents in which the selected solvents and the mixture will partition23. In 

our case both the Chiral selector (CS) and the racemic compounds (R) need to 

be freely soluble, and more, CS has to be mainly in one phase, which will be the 

stationary phase, while R have better to be well partitioned, and in favor of the 

other phase, if possible, and which will be the mobile phase. 

We found CS and R to be readily SOluble in Ethyl acetate (EtOAc) and in 

Methanol (MeOH), and we tested their partitioning in the quaternary system 

Heptane / EtOAc / rvleOH / Water. which has been extensively described 23,24 

The system Heptane / EtOAc / MeOH / Water, 3 / 1/ 3 / 1 (v/v/v/v) allows 

CS to be more in the upper phase (which will be the stationary phase), with a 

partition coefficient. D = C~ationary , of around 3,1, and R more in the lower 
mobile 

phase, with a partition coefficient (when CS is not present) of around 0.3 for the 

Valine derivative, and around 0,5 for the Leucine derivative CD was estimated 

by HPLC). 
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In presence of CS, the apparent partition coefficient of R. D', varies 

greatly, and it is not the same for the (+) and the (-) isomers, as shown on Table 

It appears that one isomer has little or no affinity for the chiral selector. 

while the other isomers show a rather strong affinity for it, 

The apparent partition coefficient. D', results from a quadratic equilibrium 

scheme (Figure 3), On this Figure, R means either (+) or (-) isomer. and: 

D _ (C S ) DR = (R) D 
cs - ( CS) , ( R)' RCS 

(RCs) 

(RCS) 
(Partition Coefficients) 

K 
(R'Cs) 

(R)(CS) 
K 

( RCS) 

(R)( CS) 
(Complex Formation Constants) 

(overlined term means: in the stationary phase), 

The apparent coefficient for R is : 

D' = (R) + (RCs) _ D x 
( R) + (RCS) - R 

1 + KDCS (CS) 

1 + K(CS) [1] 

Assuming the (+) isomer to be the most retarded, the selectivity factor, Ct+,_ 

is then (since DR+ = DR- )25: 

a = D,+ 
+,- D 

1 + K+DCS (CS) 

1 + K_DCS (CS) 
x 

1 + K_ (CS) 

1 + K+ (CS) 
[2] 

Simplification occurs when K_ = K- = 0 (no complex formation between the 

(-) enantiomer and CS, which is roughly our case for the Valine deL, see Table 

I), We have then: 

1 + K+DCS (CS) 
1 + K+ (CS) 

[3] 

When 1 can be neglected, compared to the other terms, we get: 

[4] 
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i( 

CS + R ~ RCS ....--
-Dcs 1 t DR 1t 1t ORCS 

Upper Phase (stationary) 

Lower Phase (mobile) 

CS + R ~ RCS ....--
K 

Figure 3 Quadratic scheme describing the equilibrium involved in donor
acceptor chiral centrifugal partition chromatography. 0 is a 
partition coefficient, and K is a complex formation constant. 

Table I: Apparent partition coefficients, D', of (±) Val and (±) Leu Derivatives 

D' when (CS) = ° 

(-) Val Der. 

~ 0,3 
(+) Val Der, 

(+) Leu Der, 

~ 0,5 
(-) Leu Der, 

D' when 

(CS)upper phase ~ 0.019 M 

(CS)lower phase ~ 0,006M 

(Des ~ 3.1 ) 

0,45 

1,5 

0,5 

5,5 

Equation [4] means that the chiral separation will be better if the chiral 

selector is mainly in the stationary phase ( Des large), and if complex formation 

is favored in the stationary phase too, ;,e, electron donor acceptor interaction 

more important in the stationary phase than in the mobile phase, which means 

that the stationary phase should have a lower dielectric constant than the 

mobile phase (which is our case), 

CPC Runs 

Collected fractions of the CPC runs were monitored by TLC, since on-line 

UV detection is not possible, due to the presence of CS in the mobile phase. 
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(a) 

(-) Valder. (+) Val der. - ---tr= 34 min. K = 0,5 -------
i .. 

tr=59 min. K = 1,6 

000000000000000000000 
(Chiral Selector) 

Vial # 

~ 11 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 

(b) 

-
s 
~ .. 

0 0 

(+) leu der. ----tr= 37 min. K = 0,6 

0 0 0 0 

/I -
0 /I 0 0 

(Chiral Seledor) 

(-) leu der. --- -------tr= 71 min. K = 2.1 

0 00 0 0 0 0 0 0 0 0 

Vial # 

~ 11 17 18 19 20 21 22 /I 30 31 32 33 34 35 36 37 38 39 40 41 42 

Figure 4 TLC control of the CPC runs. 
CPC conditions: heptane / ethyl acetate / methanol/water 3/1 /3/1 

Descending mode, Flow rate = 5 ml/min 

Rotational speed: 1200 rpm; Backpressure '" 3 MPa 

VstatIVmob'" 1; (CS) = 0.01 M, in upper phase 

Sample: 2 ml of a 0.001 M aminoacid der. 

Collected fractions every 2 min (10 ml). 
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I 
0.60 

0.40 

Si! 

0.20 

Sample: (±) Val der. 

0.00 

~.oo 2.00 3.00 
K:inutes 

1.60 

~ 2 
.1..40-

~ 
1.20-

1.00--= 

::! 0.80--= .. 
0.60--= 

0.40--= 

0.20--= CPC fractions 1 6-1 9 
J \ 

0.00 ~ 
... .. 

I I I 
1.00 2.00 3.00 4.00 

M:i.nutas 

2.50 

~ 3 
2.00- fi 

1.50-

Si! 
1.00-

0.50-

~ CPC fractions 26-32 
... 0.00 .. 

I I I 
.1..00 2.00 3.00 4.00 

Minutes 

Figure 5 HPLC control of the CPC separation of the Val der. enantiomers: 

·1 original sample; ·2 CPC fractions 16-19. after removal of CS. and 
corresponding to (-) Val der.; ·3 CPC fractions 26-32. after removal 

of CS. and corresponding to (+) Val der. 
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0.60 

0.40 

0.20 

Sample: (±) Leu der. 

o.oo-+--------~~~ 

..J 
1.40-j 

-! 
1.20-3 

1.00j 

~ 0.80 3 
0.60-1 

O_40~ 
0.20 

1..00 

CPC fractions 1 8-21 

0.00-+---------

1..00 

2.00-

1.50-

S!l..oo-

2.00 
Minutes 

3.00 

I 
3.00 

0.50- ~ 
CPC fractions 3 1 -41 

0.00-r--________ ~~~~----._1~-~=--~~--------
I 

1..00 
I 

2.00 
M:.i.nutaa 

I 
3.00 

2315 

1 

2 

.4.00 

3 

Figure 6 HPLC control of the CPC separation of the Leu der. enantiomers: 
·1 original sample; ·2 CPC fractions 18-21, after removal of CS, and 
corresponding to (+) Leu der.; ·3 CPC fractions 31-41. after removal 
of CS, and corresponding to (-) Leu der. 
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Figure 4 shows two typical TLC control and CPC conditions. one is for the 

resolution of the (±) Val derivative. the other for the resolution of the (±) Leu 

derivative. There is more than 70 ml between the end of the first peak and the 

beginning of the second peak. for (±) Val der .. and more than 120 ml for (±) 

Leu der .. The first peaks correspond to the (-) Valine der. (a=-6.9!2 • c = 1.0. 

chloroform). and to the (+) Leucine der. (a=+9.0!2 . c = 1.1. chloroform). The 

approximate selectivity factors (estimated from the middle of the black dots 

(Fig. 4) are 3.2 for (±) Val der.. and 3.5 for (±) Leu der .. CS. which is in every 

fraction. is easily removed by simple column chromatography on silica (see 

experimental): the pure enantiomer comes first. and CS remains on the column. 

and is recovered by washing with EtOAc as eluant. 

Remark: The elution orders of R(±) and CS. both in TLC and open 

column chromatography. are opposite to the one expected from the relative 

partition coefficients of the studied species in the biphasic system Heptane 1 

EtOAc 1 MeOH IWater 3/1 13/1. where CS appears as "less polar" than the 

racemics. This highlights the unique selectivity of centrifugal partition 

chromatography compared to silica based chromatography. and which is 

achieved by a fine funing of the solvent system in order to get a particular and 

often narrow sp~Cificity. In this particular case. we observed that CS was totally 

in methanol in the system heptane / methanol. and was precipitating if a small 

amount of water was added. which means that CS does not "like" neither 

heptane nor water. When ethyl acetate is added. then CS redissolves. mainly in 

the heptane/ethyl acetate upper phase. This mechanism could be called 

preferential solvation and desolvation. 

Figure 5 & 6 show the HPLC chromatograms corresponding to the two 

CPC runs. 

CONCLUSION 

Total separation of two pairs of optical isomers in less than one and a half 

hour by Donor Acceptor Chiral Centrifugal Partition Chromatography (DAC-CPC) 

is a real encouragement in finding some new selectors specially tailored for 

CPC resolution of specific racemic mixtures. CPC generally display a higher a 

than HPLC does for a given pair of molecules differing only slightly. but it seems 
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that this is not the case for chiral differences. We are now undertaking 

systematic studies to find the rules which will direct us to new and powerful 

selectors. To our knowledge. this is the first time a complete resolution of non

ionic racemics has been acheived in countercurrent chromatography, 
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ABS1RACT 

Quantitative Structure Retention Relationship was investigated for a group of 
thirty steroid hormones. Structure of every compound was represented as a 
combination of the estrane skeleton and three to nine elements of a set of eighteen 
molecular fragments. Capacity factors of these compounds were represented as a sum 
of contributions due to the individual molecular fragments. From the temperature 
dependence of capacity factors the enthalpy and entropy of the retention process of 
these compounds were determined. It was shown that the enthalpy can also be 
considered as additive. Contributions to the capacity factor and to the enthalpy due 
to individual molecular fragments were calculated by the multiple regression method. 

INIRODUCTION 

Correlation of the molecular structure with physicochemical properties and 

biological activity seemed attractive since long ago [1, 2]. In chromatography, this 

correlation was named quantitative structure - retention relationship (QSRR) [3]. 

There are two ways of approaching this problem. In one of them the retention 

parameters are expressed as a function of the properties belonging to the molecule 

2319 
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as a whole, e. g. dipole moments, molecular refractivity, hydrophobicity, topological 

indexes and many others [2, 4-8]. In the second, contributions of the individual 

substituents to retention are considered. Additivity of substituent effects can be 

interpreted on the basis of linear Gibbs energy (or linear free energy relationship -

LFER) [1, 3, 4, 9, 10] which was extensively used for explaining the effects of 

structural parameters on chemical rates and equilibria [11]. 

If the assumption on LFER is applicable, the following thermodynamic 

relationships for the capacity factor k': 

k' = K . q> (1) 

where K is the partition coefficient of the solute molecules between stationary and 

mobile phases, q> is the volume phase ratio of the stationary to the mobile phase, and 

Ink' = - aG + Imp 
RT 

(2) 

where aG - molar Gibbs energy, R - the molar gas constant, T - absolute tempera

ture, lead to the expression 

Ink' = L lnk;' + lncp (3) 
; 

where 1<:;' denotes contribution from the ith fragment of a given compound to k'. For 

a set of capacity factors of a number of compounds we can find contributions 1<:;' 

using the least squares method for solving the system of linear equations. The 

method was comprehensively outlined in the paper of Chen and Horvath [3]; details 

being available in textbooks of statistics, e.g. [12]. The results of such QSRR 

investigation for a large number of aromatic - aliphatic acids (experimental data from 

[13], paper chromatography) were presented in [3]. Papers on QSRR using RPLC 

data for catecholamine derivatives [3], cardiac glycosides and steroid hormones [14] 

as well as benzodiazepines [15] were also concerned with the estimation of 

contributions of various molecular fragments (atomic groups, substituents) to 

retention. 

QSRR was also investigated in a somewhat simplified way, i. e. by comparison 

of retention parameters of two compounds differing in only one molecular feature, 
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present in one compound, and absent in another one. This method was used for 

steroid hormones in [16] (normal phase LC) and in [17] (RPLC). 

Such a simplified approach does not provide simultaneous contributions of 

all substituents, whereas the method treating a group of compounds as composed of 

a set of "building blocks" can in principle give contributions from all the elements of 

the set. 

The group of compounds selected in this study consisted of 30 steroid 

hormones. Every compound can be represented by combining three to nine elements 

of the set of eighteen characteristic atomic groups and the estrane skeleton. As a 

matter of fact, in the beginning the number of characteristic groups was 19; then it 

was reduced to 18: the reasons will be given later on. We anticipated that the LFER 

assumption holds in this case, i. e. for every compound: 

18 

Ink' = const. + L ai~' 
;=1 

(4) 

where the constant is the contribution from the estrane skeleton and includes also 

ln~. All the coefficients a; take only two values: 1 (when the corresponding atom 

group is present in a given molecule) or 0 (when it is missing). 

Eqn. 2 can be also written as [10]: 

Ink' = - Ali + AS + Jncp 
RT R 

(5) 

where ill, AS - denote enthalpy and entropy of the process of transfer of a solute 

molecule from mobile to stationary phase, respectively. Van' t Hoff plots of Ink' vs 

Iff offer the possibility of the estimation of ill and AS. 

In this way ill and AS values were found. Next, it was checked if the values can also 

be treated as additive; if so, the following equations should be true: 

Ali = const. + L ai hi 
i 

(6) 

AS = const. + L 8 i Sj (7) 
i 

where h; and s; - the increments to ill and AS of the characteristic atomic groups. 

The main goal of this work was to verify the three relations 4, 6 and 7 

experimentally. 
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EXPERIMENIAL 

Materials 

The names and CAS Registry Numbers of the steroids selected in this work 

are given in Thble I. Solutions were prepared by diluting concentrated stock solutions 

(about 1 mglml, methanol) with mobile phase to the concentration about 25 ~glml. 

HPLC system 

The HPLC system used was a Pye - Unicam PU 4100 (pump, oven and UV 

detector), Shimadzu RCA integrator, and a Varian fluorescence detector (for the 

measurement of void volume Vo). The chromatograms of steroid compounds were 

monitored at 210 nm (3, 9, 18, 22, 23, 25, 27, 28), 280 nm (10-12) and 240 nm (the 

rest). The column used were Partisil 10 ODS and Partisil 10 ODS-I, both 250 x 4.6 

mm. Methanol-water was used as a mobile phase (55:45), flow rate was 1,5 ml/min. 

Capacity factors k' were measured on the column 1 for 30 steroids as a function of 

temperature at 35,40,45,50,55 and 60°C (only for lynestrenol at 40-65°). They were 

also measured on the column 2 at constant temperature, 40°C. Void volume Vo was 

determined as proposed by Neidhart et al [18], their method amounts to the doping 

of the mobile phase with a fluorophore (quinine sulphate), injection of undoped 

mobile phase, and measuring time of the decrease of fluorescence. Phase ratio <p was 

evaluated as the column inner vol ume minus V 0' divided by Vo • At 40°C cp was equal 

0,48. 

Statistics 

Statistical analysis of data was performed with Stratgraphics Plus, version 6.0. 

RESULTS AND DISCUSSION 

Capacity factors k' were measured for 30 steroids as a function of tempera

ture on the column 1. The measurements were also carried out on the column 2 at 
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TABLE 1 
Names and CAS Registry Numbers of the Studied Set of Compounds 

Compound CAS Registry 
Number 

I Cortisone [53-06-5] 

2 Medroxyprogesterone acetate [71-58-9] 

3 Lynestrenol [52-76-6] 

4 Thstasterone [58-22-0] 

5 Nandrolone [434-22-0] 

6 Progesterone [57-83-0] 

7 Prednisone [53-03-2] 

8 Prednisolone [50-24-8] 

9 Androsterone [53-41-8] 

10 Ethinyloestradiol [57-63-6] 

II Estradiol [50-28-2] 

12 Estrone [53-16-7] 

13 Hydrocortisone [50-23-7] 

14 Methyltestosterone [58-18-4] 

15 Methylprednisolone [83-43-2] 

16 Ethis terone [434-03-7] 

17 Norethisterone [68-22-4] 

18 Methylandrostenediol [521-10-8] 

19 Methandienone [72-63-9] 

20 Methylprednisolone acetate [53-36-1] 

21 Prednisolone acetate [52-21-1] 

22 5a-androstane-3,17-dione [846-48-8] 

23 5",-androstane-17",-methyl-171l-ol-3-one [521-11-9] 

24 Cortexolone [152-58-9] 

25 Pregnenolone [145-13-1] 

26 1,4-androstadien-3,17-dione [897-06-3] 

27 5~andTostan-17J3-ol-3-one [521-18-6] 

28 5a-androstan-3(j-ol-17-one [481-29-8] 

29 Hydroxyprogesterone [68-96-7] 

30 Medroxyprogesterone [520-85-4] 
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Plot of Ink' vs l{f for several steroids. Column: Partisil ODS-i, 
mobile phase, methanol - water (55:45). See Table I for the 
names of compounds. 

constant temperature of 40°C. Several plots of Ink' vs 1fT are shown in Figure 1-

Correlation coefficients of the linear regression Ink' vs 1fT are very near to 1, so the 

assumption that the mechanism of the process is invariant over the temperature range 

investigated and the enthalpy is constant is justified. Values of ill and .. S calculated 

from eqn. 5 are listed in Thble II along with the measured values of k'. 

In order to verify if the LFER can be accepted in this investigation, the linear 

regression of Ink' on .. H was calculated. The correlation coefficient of this regression 

was high, R = - 0.9774, so the relations given by eqns. 4,6 and 7 should be true. 

Hence the sets of Ink', .. H and .. S were used to calculate the increments Ink;' to 

Ink', the increments hi to .. H and the increments Si to .. S by means of multiple linear 

regression. 

During this calculation a difficulty was encountered. In the matrix of 

coefficients ai one or more columns appeared to be linear combinations of others. 1b 

overcome this problem it was necessary to delete the column corresponding to the 

C(20) =0 group. As a consequence the character of neighbouring groups was changed: 
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TABLE 2 
Values ofk', .. H and .. S of the Studied Steroids. Column: Partisil ODS-l. mobile phase: methanol-water 
(55:45). temp. 4Q°C (for k'). The enthalpy and entropy units are kcal·mol"' and cal·mol"'·deg·'. respectively. 

Compound k' AH AS 

I 0.9437 -3.13 -8.60 

2 6.712 -5.17 -11.3 

3 28.30 -6.52 -12.7 

4 4.146 -4.50 -10.1 

5 3.573 -4.40 -10.1 

6 7.649 -5.29 -11.4 

7 0.8779 -3.01 -8.36 

8 1.033 -3.26 -8.84 

9 6.810 -4.88 -10.4 

10 3.204 -4.73 -11.3 

11 3.462 -4.73 -11.2 

12 2.749 -4.32 -10.3 

13 1.094 -3.27 -8.78 

14 5.413 -4.74 -10.3 

15 1.509 -3.66 -9.37 

16 3.495 -4.34 -9.91 

17 3.033 -4.23 -9.85 

18 6.803 -5.14 -11.1 

19 3.802 -4.26 -9.47 

20 2.189 -4.23 -10.5 

21 1.519 -3.79 -9.77 

22 4.353 -4.47 -9.89 

23 7.675 -4.80 -9.89 

24 1.935 -3.76 -9.22 

25 10.86 -5.69 -12.0 

26 4.774 -4.76 -10.6 

27 5.834 -5.11 -11.3 

28 5.844 -4.89 -10.6 

29 2.175 -3.84 -9.21 

30 3.430 -4.40 -10.1 
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instead of (21 )CH3 we have 

instead of (21)CHzOH we have 

whereas 21 (CHz·O·CO·CH3) was converted to 
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CH3 
I 

17-C=O 

CHPH 
I 

17-C=O 

~Hz·O.CO.CH3 

17-C=O 

Thking the value of the coefficient of determination, R Z
, as a criterion, one 

can see that the additivity of Ink' is good (RZ equals to 0.9693 and 0.9778 respectively 

for columns 1 and 2) and the additivity of ill is seen to be fairly good (RZ = 0.9328). 

However, one can hardly agree that such an additive dependence for AS (RZ = 

0.6672) exists. Contributions hi to ill are given in Thble 3. The greatest positive 

partial enthalpies for C(3)=0 and 3-0H are measures of the heat consumption by 

these atomic groups during the transfer from the mobile to stationary phases. This 

heat is probably needed for the breaking of hydrogen bonds between these groups 

and the alcoholic - aqueous environment. Interestingly enough, the same groups in 

other positions (C(ll)=O, C(17)=O, ll-OH and 17-0H) have far smaller partial 

enthalpies. Such functional groups as C = 0 and C-OH have essentially the same 

values when situated at the same site. 

The contributions from double bonds between different atoms are also 

different. The large negative constant can be interpreted in such a way that the basic 

core of all these compounds, the estrane skeleton, has far greater affinity to 

hydrocarbon chains of the stationary phase than to the polar species of the mobile 

phase. 

Apart from the relations based on the LFER assumption we have also tried 

to determine the increments to capacity factor according to: 

18 

k' = constant + L a i k;' 
i 

(8) 

Values of R2 for such a multiple regression were equal to 0.9786 and 0.9855 for 

columns 1 and 2 respectively. Comparison with the values of R' for multiple linear 

regression using eqn. 4 shows that eqn. 8 describes the contributions of individual 
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TABLE 3 

The Enthalpy Increments h; and the Capacity Factor Increments k;' due to the Individual 

Molecular Fragments. 

Molecular fragment Enthalpy increments Capacity factor 
It, 

increments 10,' 

1 1(2)C=C 0.01±0.1 -0.04±0.5 

2 4(5)C=C 0.2±0.2 -1.8±0.6 

3 C(3)=O 2.3±0.3 -26±1 

4 C(11)=O 0.7±0.3 -l±l 

5 C(17)=O 1.6±0.3 -6±1 

6 3-0H 2.1±0.3 -25±1 

7 11-0H 0.5±0.2 -1±0.9 

8 17-0H 1.3+0.2 -5.S±0.9 

9 (19)CH, -0.3±0.2 0.6±0.7 

10 CH, 
17-C=O O.S±O.2 -1.7+0.S 

11 6-CH, -0.5±0.2 0.8±0.6 

12 CH,QH 
17-C=O 0.9±0.Z -Z.Z±0.9 

13 61f" electrons 0.1±0.3 -Z.7±1 

14 17-CsCH 0.2±0.Z -0.5±0.6 

15 5(6)C=C 0.06±0.3 -O.Z+1 

16 17-CH, O.l±O.Z 0.8±0.6 

17 17-0·CO·CH, -0.8±0.3 3.6±1 

18 CH,·O·CO·CH, 
17-C=O -0.5±0.Z 0.5±0.7 

constant -S.3±O.4 37±1 

groups to retention better than eqn. 4. The F values point to the same conclusion. 

Contributions kj' to k', according to eqn. 8, are given in Table 3. It can be seen that 

the same groups which have the largest positive increments to il.H show the largest 

negative contributions to k'. Nevertheless, the correlation between k' and il.H 

(R = -0.8188) is rather poor. It can also be seen in Thble 3 that not all the 

contributions are statistically significant. According to the results of the Student's test 

one could exclude variables (contributions from fragments) 1, 4, 7, 14, 15, 18 by 
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taking significance level equal to 0.3. After elimination of these variables R 2 increased 

from 0.9786 to 0.9829. 

It is known from the published data [19, 20] that in the class of steroid 

compounds the retention is not only determined by the kind of substituents but also 

depends on their stereochemical position. Thus the analysis of additive contributions 

should discern not only different substituents but also their stereochemistry, e. g. 3a

OH, 3,6-0H and aromatic 3-0H ought to be treated separately. So we have tried to 

do so but an attempt to follow this idea resulted in the increase of linearly dependent 

columns and the calculations had to be abandoned. 

In order to determine the actual predictive value of the procedure the method 

of cross - validation was applied [21]. The correlation coefficient of these cross -

validated vs. observed values was 0.9038. 

CONCLUSIONS 

The capacity factor of a steroid hormone can be represented as a sum of 

increments due to individual molecular fragments (atomic groups). The linear 

representation given by eqn. 8 seems to be more reliable than the logarithmic relation 

of eqn. 4. The possibility of the additive representation for retention enthalpy and 

entropy was also checked and it was found that only the enthalpy can be considered 

as additive. Nevertheless the high value of the coefficient of determination in the 

multiple linear regression of Ink' indicates that LFER is a good empirical rule in this 

case. So correlation coefficients of regresion insufficiently descriminate between 

theoretical models [22, 23]. 

The knowledge of contributions from various atomic groups can be used to 

predict chromatographic behaviour of other compounds and to understand better 

interactions between solute and its environment. The investigation can be continued 

taking into account the discrimination of substituents with regard to their geometric 

isomerism. 
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HIGH-PERFORMANCE LIQUID 
CHROMATOGRAPHIC DETERMINATION OF 

MECLOFENAMATE SODIUM IN PLASMA 

E. M. NIAZY, s. H. KlDDR, AND Y. M. EL-SAYED 
Department of Pharmaceutics 

College of Pharmacy 
King Saud University 

P.O. Bax 2457 
Riyadh 11451, Saudi Arabia 

ABSTRACT 

A reversed phase high-performance liquid chromato
graphic method for the analysis of meclofenamate sodium 
in plasma was developed. Diclofenac was used as the in
ternal standard. The chromatography was performed using 
a resolve C'8 column; the mobile phase consisted of 
60:40 % methanol to water and adjusted to pH 3.0 using 
acetic acid; a flow rate of 1.5 ml/min; and UV detec
tion at 270 nm. Retention times were 3.6 and 5.9 min 
for diclofenac and meclofenamate, respectively. The 
mean (±SD) absolute and relative recovery of 
meclofenamate were found to be 96. 49±0. 59 and 
100.48±0.73, respectively. The minimum detectable con
centration of meclofenamate by this method was 150 
ng/ml sample. The sensitivity obtained should enable 
the use of the method in future bioequivalency and/or 
pharmacokinetic studies. 
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INTRODOCTION 

Meclofenamate sodium is a nonsteroidal anti

inflammatory drug (NSAID) administered orally and is 

used for the treatment of acute and chronic rheumatoid 

arthritis and osteoarthritis (1-5). The recommended 

adult dose is 200 to 400 mg/day in 3 to 4 divided 

doses. The drug is also used for monorrhagia in doses 

of 100 mg three times daily (6). 

A number of analytical procedures were developed 

for the determination of meclofenamate sodium. These 

include a fluorometric assay (7), gas-liquid chromatog

raphy and a thin layer chromatography (8). Recently an 

HPLC method was developed for meclofenamate sodium in 

both urine and plasma (9). The GLC method requires 

highly sophisticated equipment and is not technically 

feasible for routine use in bioequivalency study. The 

HPLC method previously reported is time consuming. 

This study describes a simple, sensitive, and 

reproducible high-performance liquid chromatographic 

method for the quantitative determination of meclo

fenamate sodium in plasma using diclofenac sodium as 

internal standard. A single extraction step is followed 

by reversed-phase chromatography, eliminating the 

tedious and time-consuming procedures required by the 

previously reported method (9). Meclofenamate sodium 
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and diclofenac sodium can be internal standards for 

each other during either assay. 

MATERIALS 

Meclofenamate sodium and the internal standard 

diclofenac (Sigma Chem. co., st. Louis, MO, U.S.A.), 

glacial acetic acid and hydrochloric acid (BOH Chemi

cals Ltd., Poole, U.K.) were analytical grade and used 

without further purification. Methanol and chloroform 

(BOH Chemicals Ltd., Poole, U.K.) were HPLC grade. 

METHODS 

Instruments 

The following instruments were utilized: 

A Model LC-l0AO solvent delivery pump, a Model SPO-l0AV 

UV-Vis detector, a Model CTO-l0A column oven, and a 

Model C-R4A chromatopac computing integrator (Shimadzu 

Corporation, Koyato, Japan), a Model 7010 Rheodyne in

jector (Rheodyne Inc., Catati, CA, U.S.A.), stainless 

steel column (Resolve C'8' 150 mm length x 3.9 mm i.d., 

5 j.l.m particles, waters Associates, Milford, MA, 

U.S.A.), and a Model CFC-301 Gallenkamp centrifuge 

(Gallenkamp, Louchborough, England). 
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standard Stock Solution 

An accurately weighed sample of 10 mg meclo

fenamate and 10 mg diclofenac were dissolved in 

methanol in two separate 100 ml volumetric flasks to 

give standard stock solution of 100 ~g/ml. 

Chromatographic Conditions 

The mobile phase was a mixture of 60% methanol and 

40% HPLC water adjusted to pH 3.0 by using acetic 

acid. It was degassed daily by passing it through 0.45 

~m membrane filter (Millipore, Bedford, MA, U.S.A.). 

The mobile phase was pumped at flow rate of 1.5 

ml/min, which produced a backup pressure of about 219 

kgf/Cm2 • The column oven temperature was adjusted at 

35°C. The effluent was monitored at 270 nm and attenua

tion at 0.002 AUFS. The chart speed was 1.5 mm/min. 

Analytical Procedure 

Drug-free blank plasma (0.5 ml) were spiked with 

known amounts of meclofenamate in 15 ml glass stoppered 

test tube. To each tube 7.5 ml chloroform, 0.2 ml 6N 

HCl and 50 ~l of diclofenac (I.S.) were added. The 

samples were shaken for 2 minutes and the chloroform 

layer, containing the drug, was transferred to 10 ml 

quick fit test tube and evaporated to dryness under 

vacuum at 45°C. The residue was dissolved in 0.5 ml of 
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the mobile phase, vortexed for one minute and then an 

aliquot of 20 ~l was directly injected into the loop. 

RESULTS AND DrSCUSSrON 

The mobile phase used for the assay provided good 

separation of meclofenamate and diclofenac (I.S.) and 

sharp peaks with no interference from plasma sub

stances. Figure 1 represents a typical chromatogram of: 

blank plasma (A), plasma containing the drug (B), and 

plasma containing meclofenamate and the internal stan

dard (C). Using the developed assay procedure the 

retention time for the internal standard and meclo

fenamate were 3.6 and 5.9 minutes, respectively. Heat

ing the column to 35°C gave sharp peaks. 

Quantification 

Peak-height ratios of the drug to the internal 

standard were used in constructing four different stan

dard calibration lines in plasma and mobile phase by 

spiking 0.5 ml drug-free plasma and 0.5 ml mobile phase 

samples with the drug standard to produce a final con

centration of 0.5, 1.0, 2.0, 4.0 and 10.0 ~g/ml meclo

fenamate. The standard curves were prepared in a period 

of three weeks. Least squares linear regression ana

lysis of the mean standard calibration plots for mobile 
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FIGURE 1: Chromatograms of blank plasma (A), plasma containing 
meclofenamate (B), and plasma containing meclofenamate 
and internal standard (C). 

Key: I; Meclofenamate, II; Internal standard 

phase and plasma samples resulted in the following 

equations: 

Y 0.234 x -0.01525, r = 0.999 (Plasma) 

and Y 0.260 x +0.002, r 0.999 (Mobile phase) 

Analysis of variance of the slopes, intercepts and 

correlation coefficients of the four standard plots 

from plasma indicated non-significant difference 

(F=2.83, P>0.05). These results confirm the linearity 

of the standard curves and the excellent reproduci-

bility of the assay method. 
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Recovery 

The absolute recovery of meclofenamate and the in

ternal standard (diclofenac) were determined by compar

ing the peak-height of the drug obtained from plasma 

with the peak-height obtained by the direct injection 

of pure aqueous drug standard at three different con

centrations (0.75, 3.0 & 8.0 ~g/ml). The relative re

covery of the drug was calculated by comparing the con

centration obtained from the drug-supplemented plasma 

to the actual added concentrations. The results of the 

recovery studies are shown in Table 1. The average ab

solute and relative recovery of meclofenamate were 

found to be 96.49+0.59 and 100.48+0.73, respectively. 

Precision 

The intraday precision was evaluated by replicate 

analysis of plasma samples containing meclofenamate at 

three different concentrations (low, medium and high). 

The intraday precision showed coefficient of variations 

(CV) of 2.00 to 3.95 (Table 2). The interday precision 

was similarly evaluated over 3-weeks period. The inter

day CVs ranged from 1.65 to 2.97 (Table 2). 

sensitivity 

The limit of quantification for this method was 

150 ng/ml plasma. If additional sensitivity is needed, 
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Table 1 : Absolute and Relative Recovery of 
Meclofenamate from Plasma * 

0.75 1.05±0.OS 1.02±0.07 97.14 

3 3.83±0.07 3.69±0.04 96.34 

S 9.99±0.49 9.59±0.37 95.99 

Diclofenac 

(1.5.) 

4.63±0.OS 4.60±0.1 99.35 

Eight replicate analvses of each concentration. 

99.67± 1.S5 

100.71 ±1.03 

101.07±2.41 

injection volume could be increased or reconstitution 

in small volume of the mobile phase could be done. 

Application 

A typical mean plasma concentration-time profile 

for meclofenamate in beagle dogs (n=5) following 

intravenous administration of 40 mg dose is shown in 
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Table 2 : Intraday and Interday Precision of 
Meclofenamate in Plasma. 

i"': 

16i~4~~! 
:. ., 

.:.'."" 
:: .. ' 

Interd~y *'* 
: ,,: :,"". ".<, ........ ,:. .. :., 

Added Measured Bias Added Measured Bias··· 
Cone. Cone. % Cone. Cone. 
(pg/mll (pg/mll (pg/mll (pg/mll 

0.75 0.75 
Mean 0.76 1.33 Mean 0.74 -1.33 
S.D. 0.03 S.D. 0.02 

CV% 3.95 CV% 2.7 

3 100 
Mean 3 0 Mean 3.03 1 
S.D. 0.06 S.D. 0.05 
CV% 2 CV% 1.65 

8 8 
Mean 7.98 -0.25 Mean 8.09 1.13 
S.D. 0.22 S.D. 0.24 
CV% 2.76 CV% 2.97 

. Mean values represent eight different plasma samples for 
each concentration. 

** Interday precision was determined from 23 different 
runs over 3-weeks period at the three concentrations. 

*** Bias = 100x (measured concentration-added 
concentration) I added concentration. 
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FIGURE 2: Average plasma concentration versus time profile for 
meclofenamate in five dogs after intravenous admin
istration of 40 mg dose. 

Fig. 2. The method was sufficiently sensitive to enable 

meclofenamate quantification from plasma upto 8 hours 

post dose. 

Conclusion 

The HPLC method developed in this study has the 

sensitivity, simplicity, reproducibility and rapidity 

which makes it versatile and valuable in many applica-

tions, specifically in drug level monitoring, drug-drug 

interactions, pharmacokinetic and bioequivalence 

studies. 
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ABSTRACT 

High-performance liquid chromatographic conditions for the 

best separation of some non-steroidal anti-inflammatory agents 

were described. The dependence of eluent pH on the ionic 

(protonated) and molecular (non-protonated) forms of analysed 

compounds have been investigated. This paper is the study of the 

retention behavior of some anti-inflammatory agents depending of 

the eluent pH. 

Some derivatives of phenol (acetaminophen, aspirin, 

salicylamide, phenacetin and salicylic acid), pyrazolidinedione 

(sulfinpyrazone, oxyphenbutazone, phenylbutazone and ketazone), 

~ To whom correspondence should be addressed. 

2343 

Copyright @ 1994 by Marcel Dekker, Inc. 



2344 NlVAUD-GUERNET ET AL. 

amino-2-nicotinic acid (nixylic and niflumic acid) and 

amino-2-benzoic acid (mefenamic and flufenamic acid) were analysed 

with the isocratic RP-HPLC separation. 

The different variations of mobile phase methanol-water vlv, 

containing 1% acetic acid were performed in order to obtain the 

best conditions of the separation. For all analysed substances the 

pH, pKa and the fitted pKa values were calculated in different 

mixtures of methanol-water using the graphical method given by 

G.Charlot and B.Tremillon. The capacity factors (k' and the 

separation factors ( a ) were calculated for all of them. 

INTRODUCTION 

In this paper are described the compounds from the non-steroidal 

anti-inflammatory drugs (NSAIDs), agents which possess analgesic 

and anti-inflammatory properties and often antipyretic properties. 

They are used in the treatment of rheumatic deseases. 

Lechat (1) classified analgesic-antipyretic agents in two 

groups, which possesses anti-inflammatory properties and which 

does not. Analgesic-antipyretics which possess the 

anti-inflammatory properties are: 

- phenolic derivatives 

- pyrazolidinedione derivatives 

- propionic acid derivatives 

- amino-2-nicotinic acid derivatives 

- amino-2-benzoic acid derivatives 

The numbers of paper describe the high-performance liquid 

chromatographic method for assaing the mentioned non-steroidal 

anti-inflammatory agents. Some phenolic derivatives 

(acetaminophen, aspirin, salicylamide, phenacetin and salicylic 

acid) were determined in different pharmaceutical preparations 
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(2, 3), in multicomponent analgesic tablets 

formulations (6) and in cough mixtures 

(4, 

(7) . 

5) , 

A 

2345 

in elixir 

group of 

non-steroidal anti-inflammatory agents were analysed by thin-layer 

chromatography (8). Aspirin in analgesic tablets was determined by 

high-performance reversed-phase TLC (9) 

derivative UV-spectrophotometry (10). 

and 

The 

using second 

simultaneous 

spectrophotometric assay of the active consituents of phenolic 

derivatives in multicomponent analgesics, using Kalmanfiltering, 

(11) have been developed. The mixtures of certain phenolic and 

pyrazolidinedione derivatives were analysed by spectrophotometric 

method using the different coloured or complexometric reactions 

(12, 13). 

pyrazolidinedione derivatives were separated and determined 

in bulk drug by HPLC and potentiometry (14). Stability control and 

determination of degradation products were performed in injectable 

formulations (15) by HPLC. The mentioned substances were 

determined in pharmaceutical preparations using the caracteristic 

reactions of functional groups by spectrophotometric method 

(16-18). Coulometric titration, with potentiometric determination 

of the end point, was used for the determination of 

pyrazolidinedione derivatives (19). Oxyphenbutazone was determined 

in tablets and ophtalmic ointments using the biamperometric 

titration (20). Phenylbutazone in tablets was determined by 

nuclear magnetic resonance (21). 

The purity assay of amino-2-nicotinic acid derivatives have 

been devolped using HPLC method (22). 

Mefenamic acid from the amino-2-benzoic acid derivatives was 

analysed in different pharmaceutical mixtures by means of 

semimicro liguid chromatography (23), ion-pair partition 

chromatography (24) and spectrophotometry (25, 26). Colorimetric 
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determination of two fenamates in antirheumatic drugs have been 

developed (27-30). 

EXPERIMENTAL 

Chemicals 

All chemicals and reagents used were of an analytical reagent 

grade. Methanol "Normapur" Prolabo was used as eluent. Acetic acid 

"Normapur" Prolabo was added to eluent. The solvents were degased 

and after mixing filtered through a millipore DA 0.65~m filter. 

Doutle distilled water was used. All investigated pharmaceutical 

substances were obtained from commercial sources. Their identity 

was checked by IR and NMR spectra and their purity by TLC. 

Apparatus 

The chromatographic system consisted of a Shimadzu LC-6A pump, a 

Shimadzu SPD-6A detector and Shimadzu C-R3A data handling device. 

Separations were performed on Lichrosorb RP 18 column 250 x 4.6mm, 

with particles of 7~m sizes Hibar, Merck ). Samples were 

introduced through a Rheodyne injector valve with a 10~1 sample 

loop. A mixture of methanol-water containing 1% acetic acid was 

used as a mobile phase with fixed flow rate 1.0ml/min, at room 

temperature and with a detection wavelength of 230 and 254nm. 

Chromatographic conditions 

The standard substances were dissolved in such a way that 1ml of 

the mobile phase contained 0.05mg of analysed substance. 

Eleven different mixtures of mobile phase methanol/water v/v 

such as: 30/70; 35/65; 40/60; 45/55; 50/50; 55/45; 60/40; 65/35; 

70/30; 75/25 and 80/20 containing 1% acetic acid were prepared. 

The methanol-water levels containing 1% acetic acid were 

changed to obtain the acceptable separations. 
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An isocratic elution was made at room temperature with a flow 

rate 1ml/min and 10~1 portions of the preparations were injected. 

The detector wavelength was usualy set up at 230nm. 

pyrazolidinedione derivatives were detected at 254nm. 

RESIJLTS AN.Il DISCUSSION 

The analysed non-steroidal anti-inflammatory agents ionize and can 

exist in a mobile phase in molecular and ionic forms. The increase 

in the ionization of the component causes an increase in 

dissolution in the water phase and reduces the retention time. In 

that case the ionic form of the analysed substance passes through 

the column without retaining. For that reason, the chromatogram 

may show that the peak has been coused to split. 

High-performance liquid chromatography analysis of 

hidrosoluble and ionizing substances requires the ionization of 

molecules to be avoided. Only in that case the RP-HPLC method can 

be used in qualitative and quantitative analyses. 

In our experiments of HPLC analysis the anti-inflammatory 

agents which belongs to acidic substances, such as phenolic, 

pyrazolidinedione, amino-2-nicotinic acid and amino-2-benzoic acid 

derivatives, have been investigated There is no acidic functional 

group in molecul of phenacetin, but it was analysed in combination 

with substances from phenolic derivatives because of the 

structural similarity with aminophenazone. The ionization has been 

avoided by the addition of acetic acid. An acetic acid belongs to 

the HA/A- type of acid/base pair. 

Eleven mixtures of methanol and water in various ratios 

containing 1% acetic acid were analysed. The Charlot-Tremillon 

graphical method (31) was used to determine the pKa values of 

acetic acid in various proportions of methanol and water, which are 
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TABLE I. pH mob!le phase 

MOBILE PHASE * 
(y/y) 

30/70 

35/65 

40/60 

45/55 

50/50 

55/45 

60/40 

65/35 

70/30 

75/25 

80/20 

pKa 
( correct.ed) 

5.20 

5.30 

5.40 

5.50 

5.55 

5.65 

5.85 

6.00 

6.25 

6.60 

6.80 

I:J. pKa 
(pKa -cor. 

0.45 
0.55 

0.65 

0.75 

0.80 

0.90 

1.10 

1. 25 

1. 50 

1.85 

2.05 

* mobile phase containing 1% acetic acid 

pKa=etLc aci.d = 4.75 (in water) 

NIVAUD-GUERNETET AL. 

pH 
pKa) 

2.98 
3.02 

3.08 

3.12 

3.15 

3.20 

3.30 

3.37 

3.50 

3.68 

3.78 

necessary for the calculation of pH eluants (Figure 1 and Table I). 

This graphical method gives the relation of pKa in the function of 

1/& ( & - dielectric constant of mobile phase ). The values of pKa 

of acetic acid in pure methanol and water are 9.7 and 4.75 

respectively. That makes possible the determination of the pKa of 

acetic acid in the mobile phases ( pKa corrected). For example, 

for the mobile phase 60/40 v/v, pKa corrected for acetic acid is 

5.85 ( I:J.pKa = 5.85 - 4.75 = 1.10 ). For all variations of mobile 

phases, it have been calculated the I:J.pKa values and those value 

factors were used for the calculations of pH ( Table I ) from the 

equation: pH = 1/2 pKa - 1/2 log c. 

For all the analysed substances, the fitted pKa pKa 

corrected) in mobile phases were calculated respectively. For 
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pH 

~--~--------_/ 

PK"'=~.75 

5.85 

7 

pKa =9.25 

(OHI=' 

O~O'24 

-........ --- // 
._._._._.:=:::':::::.." ....... _ IY... 

~4' -------- ----- --. PKa=9.7 
rIO 

____ 1- __ '!..-B2EL ___ ---
pKa=IO.8 

0.0185 

00 

0.0315 Ye 

'00 
%CH,OH 

(v/v) 

Figure 1. Graphical method Charlot-Tremillon 
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Tab~e III. E~uen~ pH dependence on mo~ec~ar form percent. 

MOBILE PHASE (METHANOL/WATER) 

" 30/70 35/65 4.0/60 4.5/55 50/50 55/4.5 60/4.0 65/35 70/30 75/25 80/20 

pH 2:.98 3.02: 3.08 3.12: 3.15 3.2:0 3.30 3.37 3.50 3.68 3.78 

SUBSfANCE MOLECULAR FORM IN PERCENT 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

90 91 92 93 93 94 95 96 97 98 98 

74 77 79 81 82 83 86 88 91 94 95 
100 100 100 100 100 100 100 100 100 100 100 

100 100 100 100 100 100 100 100 100 100 100 
94 94 95 95 96 96 97 97 98 98 99 
99 99 100 100 100 100 100 100 100 100 100 

65 68 70 72 75 77 80 82 86 91 92 

99 99 100 100 100 100 100 100 100 100 100 

100 100 100 100 100 100 100 100 100 100 100 

100 100 100 100 100 100 100 100 100 100 100 
96 96 97 97 98 98 99 99 100 100 100 

98 98 98 98 99 99 99 99 99 100 100 

example: pKa for acetylsalicylic acid in water is 3.5; in the 

mobile phase 60/40 pKa fitted is 3.5 + 1.1 = 4.6 ( Table II ). 

Acetaminophen belongs to HB+type of acids and it does not 

necessery to correct the pKa value. 

Using the values of pKa fitted and the pH calculated, it was 

possible to calculate the ratio of the molecular ( non-protonated 

and ionic ( protonated ) percent of the substances ( Table III 

from the equations: 

100 
% ionization 

10(pKa. - pH) for HA acids 
1 + 

100 
HB+ acids % ionization lO(pH - pKa.) for 

1 + 
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TABLE IV. HPLC separation factors 

SAMPLE h (run) E1" 
1cm Ic' C( 

Acetaminophen 230 486 1. 65 1.94 
Salicylamide 230 464 3.20 1. 28 
Acetylsalicylic acid 230 474 4.09 1.45 

Phenacetin 230 473 5.94 1.12 
~!!!£l!!£_!£!9 ________________ ~~Q __________ 1~~ ________ ~~~~ _________ _ 
Ketazone 254 472 3.17 1.51 
Oxyphenbutazone 254 492 4.79 1. 66 
Sulfinpyrazone 254 467 7.94 1. 83 
~~~~l!~~~!~2~~ ________________ ~~1 __________ 17! _______ !1~~7 _________ _ 
Niflumic acid 230 485 4.30 

Flufenamic acid 
Mefenamic acid 

k' - capacity factor 

Ct - separation factor 

230 

230 

486 

488 
7.46 
8.36 

mobile phase: methanol/water v/v containing 1% acetic acid 
flow rate: 1ml/min 

2.09 

1.12 

Table IV presents the values of the capacity factor k' and 

separation factor Ct for all the substances in the mobile phase 

which consists methanol-water in various proportions containing 1% 

acetic acid. For all of the applied mixtures of methanol-water in 

the mobile phase, salicylamide, acetaminophen, oxyphenbutazone, 

phenylbutazone, niflumic acid, nixylic acid and mefenamic acid, 

which pKa > 4.0, were in 98-100% molecular form. These 

experimental conditions enable a quantitative HPLC separation. 

Acetylsalicylic acid, ketazone and flufenamic acid, which 

3.5 < pKa < 4.0, exist in the applied mobile phase in 90-100% 

molecular form. 



23 .5 

t(min) 

Figure 2. Chrtomatogram of Acetaminophen (1), Salicylamide (2), 

Acetylsalicylic acid (3), Phenacetin (4) and 

Salicylic acid (5) 

mobile phase: methanol/water 45/55 v/v containing 

1% acetic acid 

2 

t(min) 

Figure 3. Chrtomatogram of Ketazone (1), Oxyphenbutazone (2), 

Sulfinpyrazone (3) and Phenylbutazone (4) 
mobile phase: methanol/water 50/50 v/v containing 

1% acetic acid 
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2 

'(min) 

Figure 4. Chrtomatogram of Niflumic acid (1) and Nixylic acid (2) 
mobile phase: methanol/water 70/30 v/v containing 

1% acetic acid 

For the salicylic acid and sulfinpyrazone, which pKa < 3.5, 

it is necessery to increase the acetic acid percent > 1% ) to 

get the acceptable percent of molecular form. 

The capacity factors, k' were calculated using the equation: 

k'= ( tR - to ) / to , where tR is the retention time of the 

analyte and to is the retention time of the non-retained peak 

( taken as a first deviation of the baseline following the 

injection of 100 ~l of methanol ). 

Separation factors, a were calculated using the equation: 
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'(min) 

<0 .., 
0; 

I 2 
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Figure 5. Chromatogram of Flufenamic acid (1) and Mefenamic 
acid (2) 

mobile phase: methanol/water 75/25 v/v containing 

1% acetic acid 

Representative chromatograms of a mixed standard solution 

are shown in Fig. 2-5. UV detections have been done at 230 and 

254nm. The eluent consists of methanol-water in various 

proportions containing 1% acetic acid with a flow rate lml/min at 

room temperature. 
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SEPARATION OF C60 AND C70 FULLERENES 
WITH A TRIPHENYL BONDED SILICA PHASE IN 
MICROCOLUMN LIQUID CHROMATOGRAPHY 
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ABSTRACT 

C60 and C70 fullerenes were chromatographically separated 
with triphenyl, diphenyl and monophenyl bonded silica phases in 
microcolumn liquid chromatography. The results indicate that the 
triphenyl bonded phase having the narrowest pore size possesses the 
best separation performance among the evaluated phases. The 
retention power of the triphenyl bonded phase for C60 and C70 was 
much greater than that of typical octadecylsilica (ODS) phases, 
although the separation factor between C60 and C70 was almost 
comparable to that of ODS phases. With the triphenyl bonded phase, a 
smaller temperature dependence than ODS phases was observed for 
the separation ofC60 and C70. 

*The author whOIn correspondence should be addressed. 
+Present address: Sandoz Argo, Inc., Palo Alto, CA 94304, USA 
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INTRODUCTION 

Retention behaviours of fullerenes in high performance liquid 

chromatography (HPLC) have been studied concentrically in recent 

years [1-S], because the separation and purification of fullerenes are 

inevitable procedures to characterize those interesting compounds to 

use in various wide fields. Hawkins et al. [1,2] reported the liquid 

chromatographic separation of CSO and C70 on a phenylglycine

derivartized bonded phase ("Pirkle Column"), and Cox et al. [3] used a 

dinitroanilinopropylsilica stationary phase to separate them. Pirkle et 

al. [4] have synthesized a new stationary phase, the so-called 

"buckyclutcher", and obtained an excellent separation ofCSO and C70. 

For this separation, pyrenylethyl [5] and nitro-derivartized phenylethyl 

[5,6] bonded phases have been introduced by Kimata and Tanaka et al. 

All of the phases described above include phenyl ring(s) in their bonded 

phase structures and some of them possesses nitro group(s) on the ring 

in order to enhance the interaction between bonded phase ligands and 

fullerene molecules. 

In our previous investigations we studied the retention behaviour 

of fullerenes with various stationary phases such as commercially 

available monomeric and polymeric ODS phases [7-12], multi-legged 

phenyl bonded phases [12,13] and methoxyphenylpropyl bonded 

stationary phases [12,14]. This is because the fact that fullerene 

molecules can be considered to be very big polycyclic aromatic 

hydrocarbons (P AHs) with specific shape and size, and therefore, they 

are regarded as good sample probes to investigate the retention 
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FIGURE 1 Chemical structures of triphenyl (Triph; A), diphenyl 
(Diph; B) and monophenyl (Monoph; C) bonded phases. 

behaviour ofPAHs in liquid chromatography. On the other hand, if the 

chromatographic separation mechanism of fullerenes with the 

stationary phases is elucidated, a new design of the stationary phase to 

effectively separate them can be developed by the concept based on the 

mechanism. 

In this work, three types of stationary phases, triphenyl (Triph), 

diphenyl (Diph) and monophenyl (Monoph) bonded silica phases were 

evaluated as stationary phases to separate C60 and C70 fullerenes in 

microcolumn liquid chromatography, since micro columns are ideal for 

use in these studies because of limited amounts of experimentally 

synthesized bonded phases. 
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EXPERIMENTAL 

Bonded Phase Synthesis 

The syntheses of these bonded phases were described previously 

[15]. The basic characteristics of these bonded phases are summarized 

in Table 1. 

Chromatographic Measurements. 

The bonded phases were packed using a slurry method into a 

fused-silica capillary (Tokyo Kasei, Tokyo, Japan) of 0.53 mmLd. x 150 

TABLE 1 

Basic Characteristics of the Bonded Phases Investigated in This Study. 

pore size carbon content surface coverage 

bonded phase (A) (%) ( }lmoVm2
) 

'I'riph 70 11.2 1.14 

'I'riph 150 4.79 1.19 

'I'riph 300 1.64 0.94 

Diph 70 13.7 2.20 

Diph 150 6.11 2.16 

Diph 300 2.57 2.23 

Monoph 70 10.8 3.40 

Monoph 150 5.35 3.81 

Monoph 300 3.28 5.77 
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mm length. The microcolumn HPLC system consisted of a microfeeder 

l\1F-2 pump (Azuma Electric, Tokyo, Japan), a Rheodyne 7520 injector 

(Cotati, CA, USA) with a 0.2 J.LL injection volume and a Uvidec 100-III 

UV detector (Jasco, Tokyo, Japan) set at 320 nm. The mobile phase 

was guaranteed reagent grade n-hexane (Kishida Chemical, Osaka, 

Japan). The typical flow-rate was 2 J.LL'min., and a mixture of toluene 

and cyclohexane was used as the sample solvent. The chromatographic 

measurements were done at least three times. The column 

temperature was controlled using a modified Hewlett-Packard Model 

5S20-II Gas Chromatographic oven (Yokogawa Analytical Systems, 

Mitaka, Tokyo, Japan). 

RESULTS and DISCUSSION 

The Separation Performance of Triphenyl. Diphenyl and Monophenyl 

Bonded Stationary Phases. 

Figs.2a, 2b and 2c show chromatograms of the separation of C60 

and C70 on Triph, Diph and Monoph bonded phases prepared with 

different pore size silica gels. These retention data are also summarized 

in Table 2. With the phases having a 70 A pore size, the Triph phase 

exhibited the best retention power and separation performance, 

although good separation was obtained with all phases, as shown in 

Fig.2a. In the cases of 150 A (Fig.2b) and 300 A (Fig.2c) pore size, the 

retentions of C60 and C70 are shorter than those of the 70 A phases. 
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FIGURE 2a Chromatograms for the separation of C60 and C70 with 
Triph (A), Diph (B) and Monoph (C) bonded phases. Pore size, 70 A; 
mobile phase, n-hexane; column temperature, 30°C. 

Retention time (min.) 

FIGURE 2b Chromatograms for the separation of C60 and C70 with 
Triph (A), Diph (B) and Monoph (C) bonded phases. Pore size, 150 A; 
mobile phase, n-hexane; column temperature, 30°C. 
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Retention time (min.) 

FIGURE 2c Chromatograms for the separation ofC60 and C70 with 
Triph (A), Diph (B) and Monoph (C) bonded phases. Pore size, 300 A; 
mobile phase, n-hexane; column temperature, 30°C. 

This can be attributed to the lower carbon loadings of these wider pore 

phases. 

It can be said from the above results that the three phenyl rings of 

Triph bonded phases' ligands possess a strong retentivity based on the 

Jt-:1t interaction with fullerene molecules, because these bonded phases 
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TABLE 2 

Retention Data for the Separation ofCso and C70 with Triphenyl (Triph), 

Diphenyl (Diph) and Monophenyl (Monoph) Bonded Phases. 

Mobile Phase, n-hexane; Column Temperature, 30·C. 

pore size capacity factor (k') separation factor 
bonded phase 

(A) a (C7C/Cso) Cso C70 

Triph 70 2.28 3.59 1.57 

Diph 70 1.85 2.89 1.56 

Monoph 70 0.863 1.24 1.44 

Triph 150 0.454 0.633 1.39 

Diph 150 0.452 0.639 1.41 

Monoph 150 0.273 0.370 1.36 

Triph 300 0.157 0.217 1.38 

Diph 300 0.203 0.266 1.31 

Monoph 300 0.152 0.194 1.28 

indicate the best retention capability in spite of the lowest surface 

coverage value among the three phases having the same pore size. 

Furthermore, the chromatographic characteristics of these three 

phases (i.e. Triph, Diph and Monoph) are most evident in 70 A silica gel 

phases. 

Table 3 shows the retention data for C60 and C70 with various 

bonded stationary phases. In this table, the BP phase is a multi-legged 
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TABLE 3 

Retention Data for C so and C 70 with Five Different Bonded Phases. 
Mobile Phase, n-hexane; Column Temperature, 30·C. 

capacity factor (k') separation factor 
bonded phase 

C so C70 
a (C7r/CSO) 

Tiph 70A 2.28 3.59 1.57 

BP 2.76 5.25 1.90 

DMPP 3.09 5.77 1.87 

Develosil ODS-5 0.87 1.60 1.84 

Capcell Pak C18 SG 120* 0.34 0.53 1.56 

*Conventional monomeric ODS column with polymer coated silica (4.6 mmi.d. x 250 
mm; Shiseido, Tokyo, Japan); flow rate, ImLImin. 

bonded silica phase [12,13] and DMPP bonded phase is a multi-methoxy 

phenyl stationary phase [12,14], and these two phases have been found 

to have an excellent separation performance for fullerene mixtures in 

our previous investigations. In addition, Develosil ODS-5 (Nomura 

Chemical, Seto, Japan) is the phase that exhibited the best separation 

factor of C60 and C70 among various commercially-available ODS 

phases in our previous evaluation [9]. 

Consequently, Table 3 demonstrates that the Triph 70 A phase 

has a much higher retention power than commercially-available ODS 

phases, although the retentivity of the triphenyl phase is somewhat less 

than those of BP and DMPP bonded phases. 
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FIGURE 3 Chromatograms for the separation of CSO and C70 with 
the Triph 70A phase at different column temperatures. Mobile phase, 
n-hexane. 

Effect of Temperature on the Separation of C60 and C70 with the 

Triphenyl Bonded Phase. 

Fig.3 depicts chromatograms for the separation of CSO and C70 

with the Triph 70 A bonded phase at different column temperatures. 

These chromatograms indicate the small temperature dependence of 
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TABLE 4 

Capacity Factors ofCso, C70 and Five PARs with Triph 70 APhase at 

Different Column Temperatures. Mobile Phase, n-hexane. 

column temperature CC) 

30 40 50 60 70 

naphthalene 0.763 0.707 0.634 0.582 0.538 

phenanthrene 1.52 1.38 1.20 1.07 0.971 

o-terphenyl 2.32 2.07 1.77 1.57 1.40 

pyrene 1.66 1.54 1.41 1.30 1.21 

triphenylene 3.02 2.77 2.44 2.22 2.02 
---------------------------.--------------------------.-.------------------------- ----------.-----

Cso 1.98 1.97 1.94 1.93 1.93 

C70 3.10 3.09 3.03 3.02 3.02 

this separation with the triphenyl phase. For comparison, retention 

data for five PARs were also measured and summarized in Table 4. 

Because the capacity factors of PARs decrease with increasing the 

column temperature, the slight variation in the retention data of C60 

and C70 may be specific for fullerenes. 

Separation factors of C60 and C70 with various phases at 

different temperatures were tabulated in Table 5 and these data were 

also plotted in Fig.4 with some additional data. The separation factors 

with ODS phases, especially in the case of the polymeric phase, 

decrease significantly when the column temperature is elevated. 

However, as reported previously [12], the BP phase indicates a very 

sm.all tem.perature dependence for the separation of C60 and C70, and 
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FIGURE 4 Relationships between separation factors for C60 and C70 
with five different bonded phases versus column temperature. (A) BP, 
(B) DMPP, (C) monomeric ODS, (D) Triph 70 A and (E) polymeric ODS. 
In this figure plots (A), (B), (C) and (E) were reported in our previous 
paper [12]. Mobile phase, n-hexane. 

TABLE 5 

Separation Factors of C so and C 70 with Five Bonded Phases at 
Different Column Temperatures. Mobile Phase, n-hexane. 

separation factor a (C7JCSO) 

bonded phase 20°C 40°C 60°C 

Triph70A 1.57 1.57 1.56 

BP 1.92 1.90 1.89 

DMPP 1.86 1.80 1.74 

Develosil ODS-5 1.89 1.74 1.62 

Wakosil-ll5C18AR* 2.26 1.87 1.49 

*Conventional polymeric ODS column (4.6 mIni.d. x 250 mm; Wako Pure 
Chemical, Osaka, Japan). 
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the DMPP stationary phase also exhibits a relatively smaller variation 

than the ODS phases, because of conformational rigidity of the BP and 

DMPP phases. 

Therefore, it can be assumed from the above results that the Triph 

70 A phase also possesses a conformational rigidity which is not 

witnessed using the ODS phases. 
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A SIMULTANEOUS ASSAY FOR 
ACADESINE (AICA-RIBOSIDE) AND 

ACADESINE 5'-MONOPHOSPHATE USING 
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ABSTRACT 

A reverse phase (C1 &) high performance liquid chromato
graphic method using an 1on-pair reagent has been developed for 
the simultaneous quantification of the cardioprotective drug, 
acadesine (AICA-riboside), and a major nucleotide metabolite, 
acadesine 5'-monophosphate (ZMP) , in perchloric acid (PCA) 
extracts of mouse heart tissue. The limit of quantification 
(LOQ) was 0.5 ~M for both acadesine and its 5'-monophosphate. 

INTRODUCTION 

The cardioprotective properties of acadesine (AICA-riboside) 

(Figure 1) are currently being evaluated in Phase 3 clinical 

trials involving patients undergoing coronary artery bypass graft 

surgery (CABG) (1). Acadesine is a substrate for adenosine 

kinase and acadesine 5'-monophosphate (ZMP) is a major cellular 

metabolite (2). Separate HPLC assays for acadesine and its 5'-

monophosphate have been developed (3). This paper describes a 
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FIGURE 1. structure of Acadesine (AICA-riboside) 

HPLC assay for the simultaneous determination of both compounds 

in tissue extracts using ion-pair reverse phase chromatography. 

MATERIALS 

Tetrabutylammonium phosphate was purchased from Sigma 

Chemical (st. Louis, IL). Tetraethylammonium hydroxide and 

tetrapropylammonium hydroxide were purchased from Aldrich 

Chemical (Milwaukee, WI). The pH of the mobile phases was 

adjusted with phosphoric acid (Curtin Matheson Scientific, 

Houston, TX). All buffers were filtered through Millipore 0.45-

~m HVAP-filters (Bedford, MA) and were degassed using a vacuum 

pump. Standards were prepared from acadesine (AICA-riboside) 

from Gensia (San Diego, CAl and reagent grade ZMP purchased from 

Sigma Chemical (8t. Louis, IL) using Milli-Q (Millipore, Bedford, 

MA) deionized water. All other compounds were reagent grade. 

METHODS 

Thirty minutes after i.p. administration of 500 mg/kg 

acadesine to mice, the animals were killed, their hearts 
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removed, blotted dry of extraneous blood, and freeze-clamped 

using liquid nitrogen-cooled Wollenberger clamps. Each frozen 

heart was weighed and homogenized at 4° C in 3 ml ice-cold 0.6 N 

perchloric acid with a single 10 sec burst at setting 8 using a 

Brinkmann Model PT 10/35 Polytronic homogenizer. The homogenate 

was then centrifuged at 2000 x g for 10 min at 4° C and 1 ml of 

the supernatant was added to 75 ~l of K2C03 . The neutralized 

sample (checked by full-range pH paper) was re-centrifuged and 

the supernatant passed through a 0.45 ~m nylon filter (Western 

Analytical, Temecula, CAl. 

The extracts were analyzed using a Waters HPLC system 

consisting of a model 510 pump, satellite WISP auto injector 

Model 700 and an adjustable UV absorbance detector Model 484 set 

at 270 nm. The data were collected and analyzed using a Maxima 

820 computer based software (Waters Millipore, Milford, MA). 

Samples were chromatographed on a Beckman ultrasphere C-18, 4.6 x 

150 mm, 5 ~ column (Alltech Associates, Deerfield, IL) at a flow 

rate of 1.5 ml/min using an injection volume of 50 ~l. The 

column was equilibrated for at least 30 minutes with mobile phase 

before sample analysis. 

RESULTS & DISCUSSION 

Three ion-pair reagents were tested to determine the optimal 

conditions for elution of acadesine and ZMP. Blank neutralized 

PCA extracts of mouse heart tissue and extracts spiked with both 

acadesine and ZMP were analyzed using each of the three ion pair 

buffers. The retention times of acadesine and ZMP using a 

mobile phase of 20 mM tetraethylammonium phosphate (pH 3.6) were 

6.5 and 7.3 min, respectively. with a mobile phase consisting of 

20 mM tetrabutylammonium phosphate pH 4.7, acadesine and ZMP had 
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FIGURE 2. HPLC chromatogram of standard acadesine (retention 
time = 3.7 min) and standard ZMP (retention time = 
6.3 min) using a 100 mM tetrapropylammonium phosphate 
pH 3.5 mobile phase 

corresponding retention times of 3.4 and 26.1 min. The mobile 

phase selected consisted of 100 mM tetrapropylammonium phosphate 

pH 3.5 in which acadesine and ZMP were eluted in 3.7 and 6.3 min, 

respectively (Figure 2). The tetrapropylammonium phosphate 

buffer yielded the best results since the run time was 10 minutes 

with no endogenous peaks coeluting with either acadesine or ZMP. 

A typical chromatogram of acadesine and ZMP measured in heart 

tissue from a rat administered acadesine i.p. is shown in Figure 

3. 

Intra-assay precision (Table 1) for the analysis of ZMP from 

0.5 to 100 ~M had a mean %c.v.=1.71 (n=3) and the mean relative 

percent error was 3.1 (n=3). The inter-assay precision for ZMP 
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FIGURE 3. HPLC chromatogram of extract from heart of a mouse 
administered acadesine i.p. (acadesine retention 
time = 3.7 min; ZMP retention time = 6.3 min) 

from 0.5 to 100 ~M (Table 2) had a mean %c.v.=1.64 and the mean 

relative percent error was 2.7 (n=3). 

Intra-assay precision (Table 1) for the analysis of 

acadesine from 0.5 to 100 ~M had a mean %c.v.=3.27 and the mean 

relative percent error was 4.72 (n=3). The inter-assay precision 

(Table 2) had a mean %c.v.=2.47 and the mean relative percent 

error was 4.5 (n=3). 

The limit of quantification (LOQ) for acadesine and ZMP was 

determined to be 0.5 ~M. 

The linearities of the concentration-time plots for both 

acadesine and ZMP were determined by variance stabilized 

transformation regression (4). The linearities of repeated runs 

of standards were found to be constant with a mean slope of 22308 
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TABLE 1 

Intra-Assay Precision for the Analysis of Aqueous Acadesine and ZMP 

Amount Amount 
Number Acadesine Acadesine Relative 
of Runs Added CuM) Found (JLM) ±s.d. %c.v. Error % 

3 0.5 0.51 0.04 8.55 +2.0 

3 1 1. 08 0.08 7.58 +8.0 

3 5 5.20 0.11 2.12 +4.0 

3 10 10.58 0.30 2.84 +5.8 

3 25 24.12 0.03 0.13 -3.5 

3 50 47.84 0.44 0.91 -4.3 

3 100 94.62 0.70 0.74 -5.4 

mean 3.27 4.72 

Amount Amount 
Number ZMP ZMP Relative 
of Runs Added (JLM) Found (JLM) ±s.d. %c.v. Error % 

3 0.5 0.49 0.01 2.34 -2.0 

3 1 1. 01 0.04 4.32 +1.0 

3 5 5.19 0.10 1.93 +3.8 

3 10 10.56 0.04 0.34 +5.6 

3 25 23.97 0.22 0.90 -4.1 

3 50 48.35 0.51 1.05 -3.3 

3 100 98.07 1. 04 1.06 -1.9 

mean 1. 71 3.1 
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TABLE 2 

Inter-Assay Precision for the Analysis of Aqueous Acadesine and ZMP 

Amount Amount 
Number Acadesine Acadesine Relative 
of Runs Added (J.LM) Found (J.LM) ±s.d. %c.v. Error % 

3 0.5 0.49 0.01 2.04 -2.0 

3 1 l.03 0.03 2.98 +3.0 

3 5 5.30 0.11 2.09 +6.0 

3 10 10.68 0.44 4.13 +6.8 

3 25 24.10 0.55 2.28 -3.6 

3 50 47.83 0.86 l.80 -4.3 

3 100 94.43 l.85 l.96 -5.6 

mean 2.47 4.5 

Amount Amount 
Number ZMP ZMP Relative 
of Runs Added (J.LM) Found (J.LM) ±s.d. %c.v. Error % 

3 0.5 0.49 0.01 l.17 -2.0 

3 1 l.03 0.04 3.94 +3.0 

3 5 5.13 0.07 l. 35 +2.6 

3 10 10.39 0.17 l. 65 +3.9 

3 25 24.46 0.33 l. 33 -2.2 

3 50 48.77 0.14 0.29 -2.5 

3 100 97.17 l. 73 l. 78 -2.8 

mean l. 64 2.7 



2380 SANDOVAL ET AL. 

TABLE 3 

Standard Curve Statistics 
Aqueous Acadesine 

Correlation 
Date Slope Y-intercept Coefficient 

04/08/93 24448.228 3062.690 0.9999 

04/08/93 24206.710 3008.784 1.0000 

04/08/93 23771. 813 5828.875 0.9999 

04/09/93 24660.553 10901.537 0.9998 

04/12/93 23831.858 513.597 1.0000 

n 5 5 5 
mean 24183.832 4663.097 0.9999 
s.d. 384.49 3962.12 0.000 

C.V.% 1.59 84.97 0.008 

Aqueous ZMP 

Correlation 
Date Slope Y-intercept Coefficient 

04/08/93 22275.137 309.267 0.9999 

04/08/93 22118.305 -486.342 0.9999 

04/08/93 21808.841 636.863 0.9999 

04/09/93 23514.643 1008.210 1. 0000 

04/12/93 21824.880 -1124.333 1. 0000 

n 5 5 5 
mean 22308.361 68.733 0.9999 
s.d. 702.78 865.27 0.000 

C.V.% 3.15 1258.88 0.005 

± 703 (3.15% c.v.) for ZMP and a mean slope of 24184 ± 384 (1.59% 

c.v.) for acadesine (Table 3). The correlation coefficient was 

0.9999 for ZMP and 0.9999 for acadesine (Table 3). 

In summary, this HPLC assay for the simultaneous 

quantification of acadesine and ZMP eliminates the need for 

separate and time-consuming assays. The assay can be applied 
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toward measuring concentrations of acadesine and ZMP in 

biological samples. 
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ABSTRACT 

Evidence that triethylamine (TEA) functions as an ion pairing reagent (I PRJ 
in a mobile phase system (20 mmol/L acetic acid, 20 mmol/L phosphoric acid, 
30 mmol/L TEA, pH 7.0) under both gradient and isocratic elutions is presented. 
The retention of anions (nicotinic, xanthurenic, anthranilic, and 
3-hydroxyanthranilic acids) was increased with increasing TEA (cations) 
concentration; that of cations (benzylamine) was decreased and that of 
zwitterions or neutrals (kynurenine, 3-hydroxykynurenine, and aniline) exhibited 
no changes. TEA is shown to be a usefullPR in gradient elution due to its rapid 
equilibration time with the column. Proper selections of detection wavelength 
and gradient program are important to eliminate the interference of impurities 
in many commercial TEA preparations. 
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INTRODUCTION 

Ion pair chromatography (IPq is a powerful tool in the separation of ionic 

or ionogenic compounds (1-5). Although the actual mechanism involved in I PC 

is stili not clear the phenomena seen are that the retention of compounds of the 

same charges are increased, while those of opposite charges are decreased and 

neutrals are not affected by increasing I PR concentrations within certain ranges 

(2,6,7). These phenomena make the concentration of the IPR an important 

parameter to control the retention and selectivity of ionic compounds in IPe 

(8-11 ). 

Classified by their size, there are two types of I PR: small and large molecules 

(1,3). Large I PRs have one or more long hydrophobic tails (e.g. trioctylamine 

and heptanesulfonate). They are more strongly retained by the column, and are 

not easily flushed out of the column. Small counter ions (e.g. perchlorate, 

tetra-methylammonium) are more water soluble and are therefore easily 

eliminated from the column. Advantages of small IPRs are rapid column 

(re)equilibration time which makes them practical in gradient elution and the 

possibilities of mixed chromatographic behavior (1). 

Triethylamine (TEA) is often added to mobile phases as a modifier or as 

a competing base to improve peak shapes and control the retention of amines 

(12-14). In addition, it has been used successfully as an IPR in the separations 

of nucleotides (15) and tryptophan metabolites in our laboratory (16) by 

reversed-phase liquid chromatography. 
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In the previous study (16), there are two points that may affect the 

relationship of retention and TEA concentration: 1) that the gradient elution may 

mask some retention changes of zwitterions (tryptophan, kynurenine and 

3-hydroxykynurenine) when the TEA concentration is increased, and 2) the 

concentration of TEA was decreasing to some extent during the gradient elution 

as the TEA was not included in the acetonitrile reservoir. I n addition, the effect 

of the TEA concentration on the retention of cations with increasing TEA 

concentration was not known since only anions and zwitterions were present in 

the mobile phase of the previous study (16). 

This study is aimed to clarify these uncertainties and provide more 

evidences that TEA functions as an IPR in the optimized mobile phase system 

of the previous study (16). Aniline and benzylamine were included as model 

cation and neutral compounds respectively. The advantages and limitations of 

using TEA as an IPR in gradient elution are discussed. 

MATERIALS 

The HPLC system (Waters, Milford, MA, USA), reference standards and 

reagents used were as described in Chuang et al (16). Aniline (AN) and 

benzylamine (BA) were purchased from Aldrich Chemical Co. Chromatographic 

separation was performed on a Nova-Pak CI8 steel column (150 mm x 3.9 mm 

Ld., 4 um). 
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A) Gradient elution study 

CHUANG, RAGAN, AND PRASAD 

METHODS 

The chromatographic conditions were as described in previous study [16). 

Duplicate runs of eleven reference standard mixture were analyzed by using two 

mobile phase systems. The first one is the optimized mobile phase developed 

in the previous study (16). This mobile phase (MP) consisted of a binary linear 

gradient of MP-A solution (20 mmol/L phosphoric acid, 20 mmol/L acetic acid, 

and 30 mmol!L TEA, pH 7.0 adjusted with 2 mol!L sodium hydroxide) and MP

B solution (acetonitrile). TEA (30 mmol!L) was included in MP-B acetonitrile 

reservoir in the second mobile phase system. The gradient program was started 

from 100%A to 20%A and 80%B within 20 minutes with a flow rate of 0.8 

mL/minute. 

B) Isocratic elution study 

a) The effect of TEA concentration on the retention of anions and neutral 

compounds (Tryptophan metabolites of the kynurenine pathway): 

The mobile phase was a 99:1 (v/v) mixture of buffer solution (20 mmol/L 

phosphoric acid, 20 mmol!L acetic acid, and 30 mmol!L TEA, adjusted to pH 

7.0 with 2 mollL NaOH) and acetonitrile. The column was equilibrated with 

a new mobile phase for at least 20 column volumes for each mobile phase 

change. The detector wavelength was 254 nm, with a sensitivity of 0.1 or 0.2 

AUFS. Ten microliters of a six-reference mixture, containing kynurenine (KN), 

3-hydroxykynurenine (HK), nicotinic (NA), xanthurenic (XA) , anthranilic (AA) 
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and 3-hydroxyanthranilic (HA) acids were injected in duplicate and all 

chromatographic runs were performed at ambient temperature (22-240C). The 

capacity factor (k') was calculated as follows: k'= (k'/to)-1, where to is the 

column void time. 

b) The effect of TEA concentration on the retention of cations and neutral 

compounds (Aniline and benzylamine): 

The experimental conditions were as described above except that a 

buffer:acetonitrile mixture of 97:3 (v/v) was chosen as the mobile phase. The 

sensitivity was set at 0.010 or 0.050 AUFS. Ten microliters of AN and BA 

mixture (125 ng each) were injected for analysis. 

RESULTS AND DISCUSSION 

A) Gradient elution study 

In order to keep the concentration of TEA constant during the gradient 

run, 30 mmol/L TEA was added to the reservoir containing acetonitrile (MP-B) 

for the gradient elution. In TABLE 1, the retention times of 11 compounds 

analyzed by two MP systems (with and without TEA added to MP-B) were 

shown and the difference in retention times for each compound was calculated. 

The data shows that the differences, in the retention times of the eleven 

compounds, were negligible. This indicates that the effect of the inclusion of 

TEA in the acetonitrile reservoir on retention is minimal. This is probably due 
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TABLE 1. The effect of including TEA in MP-B 
(acetonitrile) on retention time 

Retention time (min) 

Compound Without TEA With TEA (B)- (A) 
(A) (B) 

QA 3.01 3.03 +0.02 

HK 3.65 3.62 -0.03 

HA 4.69 4.63 -0.06 

PA 5.97 5.95 -0.02 

NA 6.70 6.67 -0.03 

KN 7.74 7.66 -0.08 

AA 10.85 10.95 +0.10 

TRP 12.03 12.06 +0.03 

XA 13.27 13.20 -0.07 

KA 14.83 14.81 -0.02 

QN 16.98 16.97 -0.01 

The data shown above are average retention times of 
duplicate runs. 

to the narrow gradient changes (0-15%) of acetonitrile (or TEA) during the 

chromatographic run. 

Bl Isocratic elution studies 

a) The effect of TEA concentration on the retention of anions and neutral 

compounds: 
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Figure 1. The effect of TEA concentration on the retention of six TRP 
metabolites. HK, 3-hydroxykynurenine; HA, 3-hydroxy- anthranilic acid; 
NA, nicotinic acid; KN, kynurenine; M, anthranilic acid; XA, xanthurenic acid. 

In FIGURE 1, the effect of TEA concentration on retention of the six 

compounds analyzed by isocratic elution is shown. The retention is expressed 

as the log(k') to show the curves of early eluted peaks clearly. The retention of 

four compounds (HA, NA, M, and XA) increases along with the increase in TEA 

concentration, while those of HK and KN are not affected up to 40 mmol/L TEA, 

the highest concentration used in this study. 

The isocratic study was performed to validate the findings of the gradient 

elution. The data shows no difference compared to the gradient analysis (16): 

the retention of anions (HA, M, NA, and XA, containing opposite charged ions 
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vs TEA cation) is increased with TEA concentration increase and the retention 

of zwitterions (HK and KN) is not affected, indicating that TEA is acting like an 

IPR in this analytical system. 

b) The effect of TEA concentration on the retention of cations and neutral 

compounds (Benzylamine and aniline): 

Benzylamine (BN) and aniline (AN) were used as model cation and 

neutral compound in contrast to tryptophan metabolites which are anions or 

neutrals. The effect of the TEA concentration on the retention of AN and BN 

analyzed by isocratic elution is shown in FIGURE 2. The retention time of BN 

decreases when TEA is added to the mobile phase, and reaches a minimum at 

a TEA concentration of 10 mmol/L. However, the retention of AN is only 

slightly affected by changes in TEA concentration up to 40 mmol/L. The 

aromatic amine functional group of AN (pKa 4.6, ref. 17) is not in the ionized 

form under the conditions (pH 7.0) of the mobile phase, so that the retention 

of AN is not affected by TEA addition and TEA concentration changes. 

However, the aliphatic amine functional group of BN (pKa 9.35, ref. 18) is 

cationic under the same conditions, therefore the retention of BN is decreased 

by addition of cationic TEA ions. 

These data show that under both gradient and isocratic elutions the 

retention of anions is increased with increasing TEA concentration; that of 

cations is decreased and that of zwitterions or neutrals, no changes, and thus 

support that TEA functions as an IPR under this mobile phase system. 
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Figure 2. The effect of TEA concentration on the retention of aniline (AN) and 
benzylamine (BN). 

It has been suggested that TEA does not have a deleterious effect on the 

stationary phase like that of tetrabutylammonium and is very water soluble and 

also has a low absorbance in the UV range (15). According to Gloor and 

Johnson's classification (1), TEA is a small IPR since it has three short 

hydrophobic alkyl chains. Therefore, TEA is not only rapidly {re)equilibrated in 

the column but is also easily eliminated from the column, making it practical for 

use in gradient elution. 

From our experience with TEA, it equilibrates and re-equilibrates (during 

gradient elution) with the column very rapidly. However, it was found that 
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some TEA impurities were trapped at low acetonitrile concentrations (0-5%) in 

the gradient elution and then eluted at higher concentrations of acetonitrile, 

which perturbs the chromatographic baseline. We have tested on three brands 

of TEA preparation, all preparations have this problem. This problem is most 

apparent when a high sensitivity setting and a low wavelength (254 nm) were 

used in the detection. Most of these impurity peaks were not observed at a 

detection wavelength of 340 nm (19). 

CONCLUSION 

TEA functions as an IPR in an optimized mobile phase system on the 

observations that the retention of compounds with opposite charges (anions) was 

increased with TEA (cations) concentration increase; retention of compounds 

with same charges (cations) was decreased and that of neutrals (or zwitterions), 

no changes. In gradient elution TEA is a practical IPR due to its short 

(re)equilibration time. A precaution of using TEA in gradient is that many 

impurities are present in the commercial preparations. Proper selections of 

detection wavelength and gradient program are important to eliminate the 

interference of impurities. 
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PAIRED ION REVERSED-PHASE HPLC 
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DETERMINATION OF IOTHALAMIC ACID 
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ABSTRACT 

An ion paired reversed - phase high performance liquid 
chromatographic assay for iothalamic acid and para aminohippuric 
acid in the same sample of plasma is described. The analysis uses one 
internal standard for both drugs. Sample preparation consists of 
precipitating plasma proteins with methanol and centrifuging to settle 
the proteins. The supernatant is evaporated and the residue 
reconstituted with mobile phase for injection. For HPLC a Cs column 
and a mobile phase consisting of potassium phosphate buffer with 
dodecyl triethyl ammonium phosphate IP reagent, 22.5 % methanol 
and 2.5 % acetonitrile with UV detection at 254 nm was used. 
Coefficients of variation for the assay were in the range of 1.6 - 12.1% 
for iothalamic acid and 4.3 - 17.7% for para aminohippuric acid for four 
levels of concentration. Limits of quantitation were 3.0 IlglmL for 
iothalamic acid and 5.0 Ilg/mL for para aminohippuric acid. This 
isocratic HPLC assay is simple, rapid and relatively inexpensive. 
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INTRODUCTION 

lothalamic acid (10, Figure 1A, 3-(acetylamino)-2,4,6,triiodo-

5-[(methylamino) carbonyl]-benzoic acid) is a well known 

radiographic contrasting agent used in renal and urological 
procedures (1). It is also used as a marker, to replace inulin for 

measuring glomerular filtration rate (GFR). Para aminohippuric 

acid (PAH, Figure 1B, N-(4-aminobenzoyl)-glycine) is used to 

determine the effective renal plasma flow (ERPF) and as an ideal 
marker for renal blood flow (RBF) (2-4). The current methods 

used for these measurements are considered relatively invasive 

requiring IV infusion of markers and accurate urine collections. 

Measurements of creatinine clearance though widely used is 
prone to errors and can not detect minor changes in GFR (5). 

Studies employing 10 clearance for estimating GFR indicate, 
good correlation with inulin clearance and that this method is 

well tolerated by children and infants. Since the use of radiolabled 

iothalamic acid in patients is risky and subject to strict health and 

safety guidelines during usage, a method for measuring "cold" - 10 

as well as P AH in plasma and urine is advantageous. 

Among the numerous methods reported for determining 

10 and P AH, those using radiolabled drugs are not suitable. Most 

other methods determine only one of these compounds (1,6-8). 

Many of the methods use colorimetry for P AH and several of the 

HPLC methods use immiscible organic solvent extractions to 

isolate the compounds from plasma and urine (1,6,8,9). While 

two methods used paired - ion mobile phases with reversed-phase 

columns for HPLC separation of either 10 or PAH only one 

method reports the simultaneous assay for 10 and PAH using 

reversed-phase HPLC (4,5,10). One significant problem with 

isocratic elution using the mobile phases reported in the earlier 

method, where the organic phase is below 10 % is that residual 

plasma and urine constituents are strongly retained on the 

column. Over time, this could cause column performance to 
deteriorate. Usually under these conditions a second pump 
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FIGURE 1. Chemical structures of (A) iothalamic acid, (B) p-aminohippuric acid and 
(C) 5,5 diethyl barbituric acid (barbital, internal standard). 

coupled through a gradient controller is used to flush the column 

with a polar mobile phase for 2-5 minutes after each sample run 

followed by equilibration with the running mobile phase for at 

least 10 minutes. This technique requires either two pumps and a 

controller or a switching valve and a single pump coupled to a 

controller. A simple and less costly method was desirable to 

determine 10 and P AH simultaneously. It was decided to increase 

the retention time of the compounds beyond 10 minutes and an 

ion-paired mobile phase was selected in order to achieve this. 

However p-aminobenzoic acid (PABA) was not adequately 

resolved from the two compounds, therefore barbital was used as 

the internal standard . 
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We decided to work in an isocratic mode with higher 

amounts of organic modifier in order to eliminate build up of a 

plasma residue on the column. An octyl C8 reversed-phase 

column was selected in place of a CI8 and the detector wavelength 

was fixed at 254 nm. 
A complete assay validation, reported in this paper was 

performed. This was followed by determination of 10 and P AH in 

a set of clinical samples . 

EXPERIMENTAL 

Apparatus 

The HPLC system used consisted of a Waters M-510 HPLC 

pump, a model 712 WISP autoinjector, and a model 481 Lambda Max UV 

detector (Waters Assoc., Milford, MA). An HP 3396A-integrator (Hewlett 
Packard, Avondale,PA) was used for collecting the chromatographic data. 

The detector wavelength was 254 nm and the absorbance was set at 0.01 

aufs. Separation was achieved with an Octyl (C-8) ,5J..Lm particle size, 4.6 

mm (Ld.) x 25cm reversed-phase column (Rainin Instrument Co. Inc., 

Woburn, MA). 

Reagents 

All solvents were of HPLC grade [Fischer Scientific Co., Fair 

Lawn, NIl. Dodecyl triethylammonium phosphate [(Q-12, Ion pair 
reagent, 0.5M solution), Regis Chemical Co., Morton Grove, 11], 

potassium diacid phosphate, potassium mono acid phosphate [Fischer 
Scientific Co., Fair Lawn,NIl, iothalamic acid [Mallinckrodt Chemicals 

Inc., St.Louis, MOl, p-aminohippuric acid sodium salt and barbital [Sigma 

Chemicals Co., St. Louis, MOl, were used as received. Deionized distilled 

water was obtained from "Barnstead Nanopure" purification system 
(Barnstead Co., Boston, MA). Drug free human plasma was obtained 

from the Irwin Memorial Blood Center, San Francisco and Long Hospital 
Blood Bank, UC San Francisco, CA. 
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Mobile Phase 

The mobile phase was composed of 22.5% methanol, 2.5% 

acetonitrile, and 1.75mM IP reagent in 10 mM potassium phosphate. It 

was prepared dissolving 6.44 g KH2P04, 7.04 g K2HP04 and 14 mL O.5M 

Q-12 IP reagent solution in 4 L of deionized water and the pH was 

adjusted to 7.50. Three liters of the prepared buffer was filtered through a 

0.221lffi filter and mixed with 900 mL of methanol and 100 mL of 

acetonitrile. The mixture was degased by sonication under vacuum. The 

isocratic flow rate of the mobile phase was 1 mL/min. 

Sample preparation 

Calibration curve samples were prepared by spiking iothalamic 

acid, p-aminohippuric acid and the internal standard (barbital) into 

plasma. The plasma proteins in these samples, quality assuarance (QA) 

controls and clinical samples (100 ilL each) were precipitated out with 500 

ilL aliquots of HPLC grade methanol. Samples were vortexed for 15 

seconds and centrifuged for 10 minutes at 2500 rpm. The supernatants 

were concentrated under nitrogen and residues were reconstituted in 

running buffer. Fifteen to twenty micro liter samples were injected onto 

the column for analysis. 
All clinical samples, QA samples and stock solutions of 

compounds were stored at -20°C until analysis. Spiked samples for 

calibration curves and controls at four different drug concentrations 

were prepared with drug free plasma and were spiked with separately 

prepared drug solutions. 

RESULTS 

Figure 2a and 2b represent typical chromatograms of the internal 
standard in blank plasma and the two compounds and internal standard 

in plasma, respectively. The mean retention times of p-aminohippuric 

acid, barbital and iothalamic acid are 12.0, 15.9 and 18.2 minutes 



2400 JAYEWARDENE, SENEVIRATNE, AND GAMBERTOGLIO 

M 
N 
M 

. . -

FIGURE 2. (a). Chromatogram of blank plasma with internal standard. 

(b). Chromatogram of iothalamic acid, p-aminohippuric 
acid and the internal standard in plasma. 

respectively. (However, fluctuations of these retention times are 

observed due to the variation of temperature and column performance). 

The concentration data used for the calibration curves are presented in 

Table 1. (5.0 to 200.0 Ilg/mL for 10 and 10.0 to 380.0 Ilg/mL for PAH). 

Even though the limits of quantitation were 3.0 Ilg/mL (CV% 10.03) and 

5.0 Ilg/rnL (CV% 9.56) for these two drugs, these lowest points were 

omitted from the calibration curves. 
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Two typical calibration graphs used for the calculation of 
concentration of the two compounds are presented in Figures 3 and 4. 
Linear regression of peak height ratio vs. compound - concentration 
gives typical coefficients of determination (r2) of 0.999 or better for 

iothalamic acid and p-aminohippuric acid. 

Variability Studies 

Interday and intra day variability was studied using frozen 
controls at four concentratons, extra-low, low, medium and high. Five 

samples from each concentration were assayed for both interday and 
intraday studies. For interday variability, six calibration curves on six 
different days were used and one calibration curve was used for the 

intraday variability study. The ranges for the coefficients of variation 
were 6.33 to 12.10% for iothalamic acid and 4.30 to 17.72% for p
aminohippuric acid for the interday studies as shown in Tables 2 and 3, 
respectively. Coefficients of variation ranged from 1.60 to 5.00 % for 
iothalamic acid and 7.00 to 8.41 % for p-aminohippuric acid for the 

intraday study as shown in Tables 4 and 5, respectively. 

Recoyery 

Assay recovery was measured by comparing the peak height 
ratios of the compounds to barbital, at four different compound
concentrations in plasma and in aqueous compound solutions spiked at 
the same concentration. The internal standard was added to the plasma 

samples only after the supernatant was decanted from the precipitated 
proteins. Both sets of samples were then evaporated and reconstituted 
in running buffer for injection. The mean % recovery was calculated as 
follows: 

peak height ratio of compound in plasma 
% Recovery X 100 

peak height ratio of compound in water 

The mean recovery was 91.1 % for iothalamic acid and 79.2 % for p

aminohippuric acid.(Tables 6 and 7) 
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TABLE 2 
Interday Variation of lothalamic Acid in Plasma 

CONCENTRATION* (llg/mL) 

EXTRA-LOW LOW MEDIUM HIGH 
[12.0] [35.0J [85.0] [150.0] 

1 12.92 38.03 81.84 154.92 
2 13.21 37.52 82.17 148.17 
3 12.48 37.41 82.23 150.23 
4 12.44 37.22 81.08 149.15 
5 13.13 37.22 79.43 145.89 

Mean 12.84 37.50 81.35 149.67 
SO 1.55 2.37 5.79 14.46 
%CV 12.10 6.33 7.14 9.63 
*Each value represents mean of n=5 

TABLE 3 
Interday Variation of p-Aminohippuric Acid in Plasma 

CONCENTRATION* (llg/mL) 

EXTRA-LOW LOW MEDIUM HIGH 
[25.0] [70.0] [180.0] [320.0] 

25.12 73.74 186.13 333.58 
2 23.87 75.43 188.87 336.69 
3 23.88 73.47 186.57 339.78 
4 25.21 73.86 179.83 340.79 
5 24.76 74.56 190.68 339.01 

Mean 24.57 74.21 186.41 337.97 
SO 4.34 3.19 22.32 34.12 
%CV 17.72 4.30 11.96 10.11 
*Each value represents mean of n=5 
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TABLE 4 
Intraday Variation of lothalamic Acid in Plasma 

CONCENTRATION* (j.l.g/mL) 

EXTRA-LOW LOW MEDIUM HIGH 
[12.0] [35.0] [85.0J [150] 

1 14.03 37.30 78.49 141.50 
2 14.12 37.05 78.33 132.15 
3 14.12 35.65 72.29 135.88 
4 13.77 36.29 75.72 138.17 
5 12.85 36.53 80.11 142.98 
6 13.47 36.39 75.16 124.51 

Mean 13.73 36.54 76.68 135.87 
SO 0.50 0.59 2.84 6.79 
%CV 3.62 1.60 3.70 5.00 
*Each value represents mean of n=5 

TABLE 5 
Intraday Variation of p-Aminohippuric Acid in Plasma 

CONCENTRATION (j.l.g/mL) (n=5) 

EXTRA-LOW LOW MEDIUM HIGI-I 
[25.0] [70.0] [180.0] [320.0] 

1 21.72 65.85 180.88 298.95 
2 20.09 67.48 172.34 282.84 
3 17.90 55.77 176.21 281.33 
4 20.08 63.95 165.54 280.74 
5 17.22 58.32 155.18 295.06 
6 19.63 61.85 163.43 298.97 

Mean 19.44 62.20 163.93 289.65 
SO 1.64 4.49 12.26 19.68 
%CV 8.41 7.22 7.48 7.00 
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Table 8 
Storage Stability (24 hours at RT) of lothalamic Acid 

and p-Aminohippuric Acid in Plasma 

ConC·,l1g/mL 

12.0 
35.0 
85.0 
150.0 

Percent Change 10* Conc.,l1g/mL Percent Change PAH* 
13.78 25.0 -19.27 

10.09 

9.12 

1.67 

70.0 
180.0 
320.0 

1.63 

4.53 

0.37 

"Each value represents mean of n=5 

Heat 

Conc·,l1g/mL 

12.0 
35.0 
85.0 
150.0 

Table 9 

Deactivation Stability of lothalamic 
p-Aminohippuric Acid in Plasma 

Percent Change 10* Conc.,l1g/mL 

4.92 25.0 
1.48 

-2.85 

-3.74 

70.0 
180.0 
320.0 

"Each value represents mean of n=5 

Stability 

Acid and 

Percent Change PAH* 
4.16 

-12.02 

-15.70 

-4.10 

The stability of the two compounds in plasma during storage at 

room temperature for 24 hours and during heat deactivation at 56-58°C 

for 55 minutes were evaluated (Tables 8 and 9 respectively). Five 

samples each from the four controls were used for both stability studies. 

Further, we investigated the stability of the two compounds during three 

freezing and thawing cycles. Our results showed that there was a loss of 

both compounds to the extent of 3% for 10 and 10.2 % for PAH after the 
third cycle (Table 10). 
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DISCUSSION 

The forgoing method is the first reported, for determining 

iothalamic acid and p-aminohippuric acid in the same plasma sample 

using an isocratic paired ion reverse phase HPLC assay. The use of 

barbital to replace PABA as the internal standard has the advantage of 

eliminating interferences by metabolites of these drugs, including PABA. 

The recently marketed ion pairing reagent dodecyl trimethylammonium 

phosphate is needed only in small quantities. The long 12- carbon chain, 

bonds more effectively to the C-1B group on the column packing thus 

giving better retention properties for acidic drugs. The main advantage 

of the method is that gradient - elution or dual pump operations are 

eliminated by having a polar mobile phase containing 20-25% methanol. 

This results in improved column performance over long periods of time 

without frequent washing of the column to remove interfering 

substances usually present in bio-matrices. 

The assay method has a lower limit of quantitation of 3.0~g/mL 

for iothalamic acid and 5.0~g/mL for p-aminohippuric acid. The 

recovery of the compounds during extraction were very satisfactory and 

their stability in plasma was within acceptable limits. 

Using this method, plasma and urine samples from twenty-four 

subjects with normal and impaired renal function were analysed for 10 

and PAH. During the course of a pharmacokinetic study the renal 

clearances of iothalamic acid and p-aminohippuric acid were determined 

(11). 

The validation of this assay was carried out according to the 

guidelines put forward by the conference on Analytical Methods 

Validation; Bioavailability, Bioequivalence and Pharmacokinetic Studies 

sponsored by FDA, AAPS and AOAC among others [12]. It is noteworthy 

that, this reversed -phase ion pair HPLC method with isocratic elution is 

a simple, rapid, relatively inexpensive and accurate method for 

simultaneous determination of these two compounds in human 

plasma. 
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A SENSITIVE AND FAST METHOD FOR THE 
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PRE-COLUMN DERIVATIZATION HIGH

PERFORMANCE LIQUID CHROMATOGRAPHY 
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ABSTRACT 

A sensitive, rapid pre-column derivatization HPLC procedure for determination of 
biologically important polyamines is described. Benzoylated putrescine, cadaverine, 
norspermidine, spermidine, norspermine and spermine were separated on reverse-phase column 

using 42:58 acetonitrile:water as mobile phase and detected by UV absorption at 198 nm. The 
detection limits were: 0.8 pmol for putrescine, 1 pmol for spermidine and 1.3 pmol for spermine. 

The method was successfully applied to the analysis of polyamines in small samples of unicellular 
organisms. 

INTRODUCTION 

Our recent studies [1] on the biological function ofpolyamines led us to investigate whether 
the concentration of polyamines in cultures of algae and other unicellular organisms depends on the 
time in their cell cycle, hence to seek a fast and sensitive polyamine assay. 

Many polyamine analysis methods are based on those for amino acids, using both pre- and 

post-column derivatization high-performance liquid chromatography [2,3]. Post-column 
derivatization uses ion-exchange resins as stationary phases; this method suffers from long 

retention time and interference from amino acids [3,4]. Pre-column derivatization using dansyl 
chloride or tosyl assays [2,5,6] are highly sensitive, but again interference from amino acids and 
poor separation of derivatives on reverse phase column prove to be problems. Redmond and Tseng 

2413 
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[7] reported a benzoyl chloride pre-column derivatization method based on the Schotten-Baumann 
reaction combined with ether extraction to eliminate interference from amino acids; it uses 60: 40 
methanol: H 20 as mobile phase and 254 nm absorption detection. This method has found 
applications in body fluid [8], mammal tissue [9] and plant [10] analysis. Although this method 
has the advantage of fast separation, its low sensitivity has limited its application in our studies. In 

the present paper, we report a sensitive and fast quantitative method for polyamines based on the 
benzoylated polyamine separation on reversed phase column, using 42:58 acetonitrile: H 20 as 
mobile phase and 198 nm absorption detection, which allows faster separation and more sensitive 
detection. 

EXPERIMENTS 

Materials and Equipments 
Materials 1,3-diaminopropane, putrescine and norspermidine (3,3'-

iminobispropylamine) were from Sigma. Cadaverine, 1,6-hexanediamine, spermidine and 
spermine were from Aldrich. Norspermine (N,N'-bis[3-aminopropyl]-1,3-propanediamine) was a 

gift from Dr. S. Marvin Friedman. Benzoyl chloride (99%, A.C.S.reagent, Aldrich) was used 
without further purification. Anhydrous ethyl ether (A.R.) was from Mallinckrodt. Methanol, 
acetonitrile and water used for separation were all ofHPLC grade. 

Equipment A Beckman HPLC equipped with ModeJ 1 lOB high-pressure pump and 

Model 163 variable wavelength absorbance detector was used throughout the study, with a Kipp & 
Zonen recorder (Model BD41). A Beckman 51lm C8 reverse-phase column (25cm x 4.6mm) was 

used to separate the benzoylated polyamines. Sample injection was carried out using either 20 ILl 

sample loop (Beckman) or 25 III micro-syringe (Hamilton). 
Sample Treatment Polyamine Derivatization and HPLC Separation 

Chlamydomonas reinhardtii, Gonyaulax polyedra, pyrocystics lununa and Plasmodium 
falciparum were grown and treated as described previously [la]. Briefly, after addition of a 
polyamine internal standard to 10-500 mg wet cell pellets (cadaverine as internal standard for 
Chlamydomonas reinhardtii and Plasmodiumfalciparum ; 1,6-hexanediamine for Gonyaulax 

polyedra and Pyrocystics lununa ), the cells were broken by sonicator or beadbeater in 1-3 ml 
water (check under microscope to make sure all the cells were broken), extracted with 2 ml 5% 

trichloroacetic acid and centrifuged at 8,000 g at ca. 40C for 20 min. The pellets were resuspended 

in 1 ml water and 2 drops of 2 N NaOH and recentrifuged in 2 m15% trichloroacetic acid. 
To ro. 5 ml pooled supernatant of sample, 1.5 ml 2N NaOH was added to adjust the pH> 13, 

followed by 5 III benzoyl chloride. The mixture was magnetically stirred for 20 minutes for 
complete reaction. 2 ml NaCI (saL) was added and the resulting solution was extracted twice with 

1ml ether. Pooled ether fractions were evaporated by a stream of nitrogen and the residue 
(benzoylated polyamines) was dissolved in 0.2 ml 42% acetonitrile/water (for acetonitrile/water 

mobile phase) or 60% methanol/water [8] (for methanol/water mobile phase). The resulting 
solution was subjected to HPLC separation. Polyamines standards, dissolved in distilled water, 
were derivatized with NaOH and benzoyl chloride and separated by the same procedure. 
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RESULT AND DISCUSSION 

It has been shown [7] that the benzoylated derivatives of putrescine, cadaverine, spermidine 

and spermine are well separated on reversed-phase column using 60:40 methanol: H 20 as the 
mobile phase. We confirmed this. Fig. I shows a typical chromatogram of these benzoylated 

polyamines, together with derivatives of norspermidine and norspermine. However, when we 

used this method to study the time dependence of the polyamine level in Chlamydomollas 

reinhardtii and Gonyaulax polyedra as a function of the cell cycle, requiring frequent collection of 
samples of limited amount, it became important to increase both detection sensitivity and separation 

speed. It was even more imperative when assaying for possible traces of norspermine in very small 
samples of the parasitic Plasmodium jalciparum, which is phylogenetic ally related to 

dinoflagellates. 

We found that the absorbance of benzoylated polyamines increases aI. 50 times from 254 to 

198 nm in acetonitrile as solvent, which means that the detection sensitivity of the method could be 
greatly increased by a change of detection wavelength. However, the use of methanol/water as 

mobile phase precluded this possibility because of the UV cut-off point of methanol at 205nm. 
Our result showed that benzoylated polyamines are well separated on a RP-Cg column when 

using 42% acetonitrile/water as mobile phase (Fig. 2). This allows detection at 198 nm without 
significant background noise, and only an overlap of the peaks of hexanediamine and spermid i ne 

.03 

2 

.00 

3 

4 5 

Retention time (min.) 

I 
20 

Fig.l A chromatogram of a standard mixture of ben zoyla ted polyamines (containing ca. 2 

nmol each), with methanol/water 60:40 as a mobile phase and detection at 254 nm .. 1. putrescine, 
2. cadaverine, 3. hexanediamine, 4. norspermidine, 5. spermidine, 6. norspermine and 7. 

spermine. 
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Fig.2 Separation of a standard mixture of benzoylated polyamines with 42% 
acetonitrile/water as mobile phase and detection at 198 nm. Each peak contains az. 0.1 nn101 
polyamines. 1. putrescine, 2. cadaverine, 3. norspermidine, 4. spermidine, 5. hexanediamine, 6. 
norspermine and 7. spermine. 

as drawback. Since hexanediamine is not a natural polyamine, but serves only as potential internal 
standard, this overlap is of no consequence. By using this mobile phase, the retention time of 

spermine is about a half of its value in methanol/water. The detection limits are: 0.8 pmol for 
putrescine, 1 pmol for spermidine and 1.3 pmol for spermine, therefore 60 times less than with tile 

methanol/water system [8]. In both mobile phase systems, however, diaminopropane overlaps 
with putrescine and they are difficult to separate by simply changing the ratio of mobile phases. 

Improper use of dissolving solvent may cause poor resolution [8]. Our experiment showed 
that 42% acetonitrile/water is suitable for benzoylated polyamines. The solution can be kept for lip 

to six months at room temperature without significant change. 
Per gram of wet weight, we found that Chlamydomonas reinhardtii cells contained 5.5 1111101 

putrescine, 0.9 Ilmol norspermidine and 0.21lmol spermidine in average; Gonyaulaxpolyedra and 
PyrocySlics lununa contained only norspermine (0.06 and 0.016 Ilmol, respectively). Polyamine 

concentrations in Plasmodiw71falciparwn were 0.01 for putrescine, 0.03 for spermidine and 0.005 



POLYAMINES IN BIOLOGICAL SAMPLES 

.08-

e = QO 
0-
C.04 

j 
.02 

.00 

2 

3 

4 

5 

i 
to 

i 
12 

Retention time 

i 
14 

i 
16 

6 

i 
is 

(min.) 

i 
22 

2417 

Fig. 3 Chromatogram of a sample of Chlamydonwnas reinhardtii (treatment of sample 

and derivatization, see text). Mobile phase: 42% acetonitrile in water. Absorption detection 
wavelength: 198 nm. l.putrescine, 2. cadaverine (internal standard), 3. norspermidine, 4. 

spermidine; 5 and 6. unknown. 

for spermine ( all in nmol per \06 cells); no norspermine was found above our detection limit. The 

recovery rates of polyamines were satisfactory for the samples (>90%). A typical chromatogram of 

Chlamydonwnas reinhardtii polyamine separation is shown in Fig. 3. 

CONCLUSION 

By using 42% acetonitrile/water as mobile phase and UV detection at 198 nm, benzoylated 
putrescine, cadaverine, norspennidine, spermidine, norspermine and spermine can be satisfactorily 
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separated on Cg reverse-phase column in 10 minutes, with detection limit of less than 1.3 pmo!. 
The mobile phase also serves as dissolving solvent. This method can been used in the polyam ine 
analysis in some unicellular prokayotes (Chlamydomonas reinhardtii, Gonyaulax polyedra, 
Pyrocystics lununa and Plasmodiumfalciparum) and would work well, we expect, in other 
biological samples. 
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A SENSITIVE HPLC METHOD FOR THE 
DETERMINATION OF TERFENADINE AND ITS 

METABOLITE IN HUMAN PLASMA 

SEKHAR SURAPANENI AND SHOUKRY K. W. KHALIL 
Department of Pharmaceutical Sciences 

North Dakota State University 
Fargo, North Dakota 58105 

ABSTRACT 

A sensitive and selective HPLC assay with fluorescence detection 
was developed for the analysis of terfenadine and its acid metabolite 
in human plasma. The compounds were isolated from plasma by liquid 
extraction with methyl+butyl ether:isopropyl alcohol (95:5 % v/v). 
The chromatographic separation was carried on cyanopropylsilane 
column (15 cm X 4,6 mm) with a mobile phase consisting of 0.001 M 
acetate buffer, pH 4.0 : acetonitrile (25:75 % v/v). The eluent was 
monitored at 230 nm excitation and 300 nm emission wavelengths 
with a 270 nm cut-off filter. The range of quantification was 2 to 
1000 ng/ml for terfenadine and 5 to 1000 ng/ml for acid metabolite, 
respectively. The assay showed linearity over the range of 
quantification ( r2 > 0.998). This method has been applied to the 
analysis of human plasma samples. 
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INTRODUCTION 

Terfenadine (TRF) is a non-sedating H 1-receptor antagonist used in 

the treatment of allergic rhinitis 1. Terfenadine undergoes extensive 

first-pass metabolism (over 99% of absorbed dose) resulting in two 

metabolites2
,3. The major metabolite, a carboxylic acid analogue of 

terfenadine, has approximately one third of the antihistaminic activity 

of terfenadine. The peak plasma levels of terfenadine are below 10 

ng/ml after administration of single or twice daily doses of 60 mg 

tablet4
• However, the active metabolite levels are much higher and 

readily detectable for approximately 16 hours. Few analytical methods 

for the determination of terfenadine and its acid metabolite have been 

reported 5
-
7

• However, these methods lack good sensitivity or 

specificity7. The present paper describes a simple, sensitive, and 

selective HPLC method for determination of terfenadine and its acid 

metabolite in human plasma. 

MATERIALS AND METHODS 

Chromatographic System 

Chromatographic determination was performed using a Hewlett 

Packard model 1050 liquid chromatograph equipped with a model 

1046 A HP fluorescence detector, an autosampler, and a 3390 a 

integrator. The chromatography was carried out using a Microsorb 5 

pm cyanopropylsilane (15 cm X 4.5 mm 10) column (Rainin, CA, USA) 

maintained at ambient temperature. The eluent was monitored at 230 

nm excitation and 300 nm emission wavelengths with a cut-off filter 

at 270 nm. 
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Reagents 

Terfenadine and acid metabolite were obtained from KV 

Pharmaceuticals and Teva Pharmaceuticals, respectively. Propranolol 

was obtained from Sigma (St.Louis, MO, USA). Methyl-t-butyl ether, 

isopropyl alcohol, and acetonitrile (all HPLC grade) were obtained from 

EM Science. All other chemicals were of analytical grade. 

Drug Solutions 

A 200 pglml stock solutions of terfenadine and its acid metabolite 

were prepared in methanol. Working solutions were prepared from the 

stock solution. 

Internal Standard liS) and Extraction Solutions 

A 100 pglml stock solution of propranolol was prepared in 

methanol. The final extraction solution consisted of 50 ng of 

propranolol per ml of methyl-t-butyl ether:isopropyl alcohol (95:5 % 

v/v). 

Mobile Phase 

Sodium acetate buffer 0.001 M was prepared in deionized distilled 

water, and the pH was adjusted to 4.0 with acetic acid. The mobile 

phase consisted of acetonitrile and buffer ( 75:25 % v/v). 
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Preparation of Plasma Standards 

To 1 ml of plasma in a 15 ml screw capped centrifuge tube was 

added an aliquot of drug solution containing 2 to 1000 ng of 

terfenadine and acid metabolite, 0.5 ml of 0.1 N HCI, and 5 ml of 

extraction solution containing internal standard. The tubes were 

vortexed for 20 seconds and centrifuged for 15 min at 3000g. The 

organic layer was transferred to clean evaporating tube. The aqueous 

phase was re-extracted with another 5 ml of extraction solution and 

the pooled organic fraction was evaporated to dryness under gentle 

stream of nitrogen at 40° C. The residue was dissolved in 100 pi 

methanol and 40 pi was injected onto the column. 

Quantification 

Standard curves for plasma were constructed using four replicates 

at each concentration (2 - 1000 ng/ml). The peak height ratios of 

standard to the IS were plotted against concentration (ng/mll. 

TABLE I 
Absolute Recovery of Terfenadine and Acid Metabolite from Plasma 

Concentration % Recovery 
(ng/ml) 

Terfenadine Acid metabolite 

50 100.9 85.33 

100 92.64 92.55 

250 95.06 85.1 

500 94.20 81.12 
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Absolute Recovery 

The absolute recovery of terfenadine and acid metabolite from 

plasma was determined at final concentrations of 50 - 500 ng/ml 

plasma. The recoveries were calculated by comparing the peak heights 

of extracted spiked sample to the peak heights of methanolic standard 

solutions of the same concentration. 

RESULTS AND DISCUSSION 

The chromatographic column and conditions were chosen to 

proVide complete resolution of terfenadine, acid metabolite, and 

internal standard. Figure 1 shows the chromatograms obtained from 

blank plasma and plasma spiked with 100 ng/ml of terfenadine and its 

acid metabolite. The peaks are sharp and well resolved from each 

other without any interference from endogenous plasma constituents. 

Retention time for acid metabolite, propranolol(IS), and terfenadine 

were 9.5, 12.2, and 15.1 minutes, respectively. 

The absolute recovery results are presented in Table I. The present 

extraction procedure resulted in absolute recoveries ranging from 

81.12 to 92.55 % for acid metabolite and from 92.24 to 100.90 % 

for terfenadine. This method produced superior absolute recoveries for 

terfenadine and comparable or better recoveries for acid metabolite 

than those reported in the previous method5
• Propranolol was chosen 

as the internal standard since it extracts with the same extraction 

solution as the drug and metabolite. Propranolol also separates well 

from the drug and metabolite, and can be detected by fluorescence 

under the same conditions. 
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b c 

a 
IB) 

IA) 

FIGURE 1. Chromatograms of (A) blank plasma (B) extract 
of plasma containing 100 ng/ml of tefenadine and acid 
metabolite. 
Peaks: a - acid metabolite(9.5 min) , b - propranolol (12.2 
min) c - terfenadine(15.1 min). 

The ratio of the peak height of terfenadine or its metabolite to the 

peak height of internal standard was plotted against drug 

concentration spiked plasma. Standard curves were linear over the 

concentration range 2 to 1000 ng/ml for terfenadine and 5 to 1000 

ng/ml for acid metabolite, with correlation coefficients (r2) consistently 

greater than 0.998. The sensitivity of the assay was 2 ng/ml for 

terfenadine and 5 ng/ml for the acid metabolite. Intra-day and inter

day accuracy and precision are presented in Table II and Table III, 
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TABLE II 
Intra-day Validation of the Assay for Terfenadine and its Acid Metabolite (n = 4). 

TERFENADINE 

Amount added Amount found Accuracy CV 

2 1.95±0.11 97.50 5.60 

5 4.17±0.10 83.41 8.50 

10 8.66±0.30 86.67 3.40 

25 24.7± 1.40 98.80 5.20 

50 48.03± 1.31 96.06 2.71 

100 87.34±1.52 87.34 1.38 

2.50 267.08±9.06 106.80 3.40 

500 536.08 ± 8.08 107.20 1.50 

1000 980.5±23.22 98.10 2.40 

TERFENADINE ACID METABOLITE 

Amount added Amount found Accuracy CV 

5 5.69±0.1 113.7 2.0 

10 9.33±1.0 93.3 10.7 

25 25.95± 1.0 103.8 3.9 

50 49.15±7.8 98.30 15.9 

100 91.33±0.5 91.33 1.0 

250 256.34±7.9 102.50 3.1 

500 522.25±7.9 102.50 3.1 

1000 989.3± 12.5 98.93 1.3 

respectively. The intra-day precision showed a CV range of 1.38 to 

8.5 % for terfenadine and 1.0 to 15.9 % for acid metabolite. The 

Inter-day precision CVs varied from 1.8 to 14.3 % for terfenadine and 

1.0 to 8.7% for acid metabolite. 

A variety of drugs such as pseudoephedrine, ibuprofen, aspirin, 

acetaminophen, and tricyclic antidepressants which might be 

coadministered were tested for interference. The results indicated no 
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TABLE III 
Inter-day Validation of the Assay for Terfenadine and its Acid Metabolite (n =4). 

TERFENADINE 

Amount added Amount found Accuracy CV 
(ngiml) (ng/ml) (%) (%) 

2 1.71±0.14 85.5 7.8 

5 5.712±0.4 114.2 6.5 

10 9.36±0.4 93.6 4.2 

25 26.3±0.9 105.0 3.2 

50 54.04±7.7 108.08 14.3 

100 89.22±1.67 89.20 1.8 

250 267.63±6.1 107.10 2.2 

500 483.79 ± 17.9 96.80 3.7 

1000 1004.5±13.9 100.50 8.7 

TERFENADINE ACID METABOLITE 

Amount added Amount found Accuracy CV 
(ng/ml) (ng/ml) (%) (%) 

5 5.59±0.4 111.4 6.7 

10 9.24±0.5 92.4 4.3 

25 26.14± 1.0 104.6 3.2 

50 53.26±4.6 106.50 8.7 

100 94.19±7.5 94.19 7.9 

250 247. 77± 14.9 99.19 7.9 

500 510.87±4.6 102.00 1.0 

1000 995.83±4.8 99.50 1.0 
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FIGURE 2. Mean plasma concentration profile of acid 
metabolite 

interference from these compounds with the peaks of the drug, 

metabolite, or internal standard. 
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This method has been successfully applied to the analysis of 

plasma samples of five subjects. A typical mean plasma concentration

time profile for acid metabolite following oral administration of 60 mg 

of terfenadine is shown in Figure 2. 

CONCLUSION 

The HPLC method described in this paper offers excellent 

separation of terfenadine, its acid metabolite, and internal standard 

under isocratic conditions. The method provides excellent recoveries, 

linearity, and reproducibility. The sensitivity, selectivity, and linearity 

of this method makes it applicable for bioavailability or 

pharmacokinetic studies. 
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ABSTRACT 
Residual ivermectin in cattle dung was determined in order to measure its 

rate of excretion and persistence under field conditions. The drug was extracted 
into methanol and subsequently determined by reversed-phase high performance 
liquid chromatography using a 300 x 3.9 mm Bondc1one Cl8 column, 47:33:20 
acetonitrile/methanol/water as the mobile phase and UV detection at 245 nm. The 
determination limit for 5 g of sample was 0.020 mg kg-l. HPLC analyses for 
aminoacids in the dung were suggestive of changes in their contents with time, 
which may account for the differential behaviour of insects attracted by the dung. 
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INTRODUCTION 

Many different helminthicidal products used to treat animals are eventually 

found in their excrement ( urine and faeces ). Some of the products only have a 

limited action on the coprophagous fauna, but others destroy virtually all insects 

attracted to the excrement over a more or less long period (1). Products recently 

introduced to the market have a wide spectrum of activity. 

Ivermectin (22,23-dihydroavermectin BI ), one of the most commonly used 

substances in preventative treatments, is a highly effective systemic antiparasitic 

against both internal (gastrointestinal and respiratory) parasites and external 

parasites (flies, ticks) (2). This drug is usually administered via subcutaneous 

injections in typical doses of 200 Ilg kg-I body weight; most of the injected 

substance is subsequently excreted as such in faeces depending on the particular 

animal or administration route (3). Ivermectin in faeces preserves its insecticide 

action, which has fostered studies on its potential environmental impact, i. e. its 

effect on non-target organisms in the soil (5-10). Many such studies were carried 

out in laboratory conditions and provided results that differed markedly from those 

obtained under real conditions, as we have recentlky shown the potential impact 

of the drug depends on the particular region, climate, insect fauna and 

-probably- year season (11). 

Deriving a factual cause-effect correlation entails the accurate measurement 

of residual amounts of the drug in animal excretions. Initially, this was done by 

using high performance liquid chromatography (HPLC) with derivatization and 

subsequent fluorescence detection of the derivative obtained, this derivatization 
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procedure, based on various reactions, is usually labour-intensive (12-16), so UV 

detection procedures have also been used , usually at 245 nm (17-23). These 

procedures have so far been most often applied to such samples as serum, plasma, 

milk, vegetables and swine tissues, using a prior extraction-cleanup procedure with 

acetonitrile, methanol/acetonitrile, methanol or ethyl acetate and the aid of 

sonication or maceration, or, alternatively, solid-liquid extraction cartridges and 

later the extracts are preferably analyzed on a C18 column and with ternary mobile 

phases (CH3CN/CH30H/HzO). 

To extract the drug from the faeces two procedures have been mainly proposed: 

extraction with acetone (24) or a Soxhlet ( 6 h ) with an ethylacetate/methylene 

chloride mixture(25). 

In this work, a HPLC procedure for the determination of residual ivermectin 

in cattle dung was developed in order to quantify the drug excretion by cattle and 

its environmental persistence under field conditions. At a subsequent stage, dung 

samples were used to determine aminoacids, by using a procedure originally 

developed for rat faeces (26), in order to study the anomalous behaviour of insects 

in the field. 

EXPERIMENTAL 

Reagents 

Procaine and aminoacid standards were supplied by Sigma Aldrich Quimica S.A. 

(Madrid, Spain). An ivermectin standard and IvomecR were supplied by Merck 

Sharp & Dohme de Espaiia S.A. (Madrid, Spain). HPLC gradient-grade methanol 
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and acetonitrile were purchased from Scharlau (Barcelona, Spain). Finally, 

nanopure water obtained from a Milli-Q apparatus (Millipore Iberica, Madrid, 

Spain) was used throughout. 

Apparatus and chromatographic conditions 

Ivermectin analysis 

The experimental setup used for this purpose was composed of a CM4000 gradient 

pump, a variable-wavelength SM4000 detector, a CI4000 recorder-integrator and 

a Dynamixer eluent mixer, all from LDC Analytical (Riviera Beach, FL), in 

addition to a Marathon Injector from Spark Holland (Emmen, The Netherlands) 

and a 300 X 9 mm Bondc1one 1OC18 column from Phenomenex (Torrance, CA). 

The mobile phase used consisted of 47:33:20 acetonitrile/methanol/water and was 

passed at a flow-rate of I mlImin. The injected volume was 20 III and degassing 

was done with helium. 

Aminoacid analysis 

The assembly used for aminoacid analyses consisted of a mechanical grinder and 

a Cryodos lyophilizator from Teistar (Terrassa, Barcelona, Spain), a Heidolph tube 

shaker from Selecta (Barcelona, Spain), and a Pico Tag workstation composed of 

two 510 pumps, a Satellite WISP autoinjector, a TCH column oven, a UV detector, 

a System Interface Module and a Maxima Chromatographic workstation, all from 

Waters Associates (Millipore, Milford, MA). The injected volume used was 8 Ill. 
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Sampling 

2433 

Faeces were collected from a group of 7 Morucha steers (276 ± 18.6 kg body 

weight) which had been treated with a subcutaneous injection of ivermectin 

(IvomecR
) at 200 Ilg kg-1 body weight. Samplings were done at different times 

(days) after injection. Additional faeces samples were collected from another 

control group consisting of 100 animals that were given no IvomecR
• 

Several experiment series were carried out in order to determine the drug 

excretion rate and its degradation under the prevailing field conditions. 

Samples were divided into portions that were analysed by the three 

participating workgroups (11). All the samples were stored frozen prior to analysis. 

Procedures 

lvermectin analysis 

An amount of 5 g of thawed sample was added 25 ml of methanol and the mixture 

was stirred for 25 min, after which it was centrifuged at 1500 G for 15 min. The 

supernatant was then concentrated to 7 ml in a rotary evaporator at 80°C and 

centrifuged under the same conditions as the initial mixture. The resulting extract 

was added the internal standard at a concentration of 50 ppm and the mixture was 

made to 10 ml with methanol and filtered through PTFE (0 = 13 mm, 0.50 Ilm 

mesh). Aliquots of 20 III of the filtrate were used for injection into the 

chromatograph. 
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Ammoacid anaJyses 

An amount of 8 g of frozen dung was lyophilized. The lyopbilizate was then 

ground and a portion of 50 mg was weighed and placed in a Corning tube that was 

introduced into the Pico Tag workstation, where it was subjected to hydrolysis, 

derivatization and chromatographic analysis. 

RESULTS AND DISCUSSION 

Extraction of ivermectin from cattle dung 

Experiments were initially carried out by using raw dung and then dung + 

ivermectin and afterwards dung + Ivom~. Water, water/methanol, methanol and 

the mobile phase were assayed as extractants and the influence of the solvent 

volume and extraction time and temperature was studied in order to develop a 

straightforward, expeditious extraction procedure for the samples. 

All the solvents tested gave rise to a common front at 4 min in the 

experiments involving raw dung. Methanol gave an additional, small peak at 5.80 

min which increased in size with the increasing alcohol content in water/methanol 

mixtures. The mobile phase also gave a further peak at 8.00 min (Fig. 1). Because 

such peaks would make the chromatogram background and pure ivermectin eluted 

at 12 min, an internal standard not affected by the background was required. 

Several compounds were assayed and procaine, which eluted at 7 min, was chosen 

for this purpose. 
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a) 

Figure 1.- Chromatograms obtained from raw samples extracted with: a) 
water, b) methanol, c) water-methanol mixtures, d) mobile phase. 

As the analyses of dung samples fortified with ivermectin and IvomecR 

provided identical results, in the next paragraphs are described in a common way. 

Variable water volumes (10-40 ml) used at different temperatures 

(20-100° C) and shaking times (10-40 min) provided chromatographic backgrounds 

that were similar to that described above, the peak for ivermectin did not appear. 

This suggests that water does not leach ivermectin from dung. 

Adding methanol to the water allowed some of the drug to be extracted. 

However, the extraction yield never exceded 60% at any methanol/water ratio 
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-the effect of the alcohol content in the mixture was much more marked than that 

of the time, temperature or extractant volume used. 

By using methanol or the mobile phase as extractant, drug recoveries over 

90% were obtained at room temperature. 

Figure 2 summarizes the results provided by the different solvents that 

extracted the ivermectin , of which methanol was finally chosen in order to reduce 

analytical costs and avoid the appearance of the above-mentioned small peak at 8 

min. The nature of the matrix implies two centrifugation steps in order to remove 

solid residues. 

Quantitative analysis 

Application of the proposed procedure to the cattle dung samples provided 

chromatograms such as that shown in Fig. 3. 

The calibration graph run from fortified dung samples was linear and fitted 

the equation 

(N.A.)C. = 4.09 C; - 0.126 

where At and .A. denote the peak areas for ivermectin and procaine, C. the internal 

standard concentration and C; the ivermectin concentration. The variance was 3.680 

X 10-4 • 

The detection and determination limits obtained for 5 g of sample were 

0.010 and 0.020 mg kg-I dung, respectively. 
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Figure 2.- Ivermectin recovery %vs shaking time and extraction volume with: 
a) methanol, b) mobile phase, c) 75% water-25% methanol, d) 
50% water-50%methanol e) 25% water-75% methanol. 

(continued) 
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Figure 4.- Ivermectin excretion profile in cattle dung after injection. 

Excretion of ivermectin by cattle 

Figure 4 shows the variation of the amount of ivermectin found in the dung with 

time. As can be seen, such an amount peaked ca. 5 days after injection and 

decreased sharply afterwards to levels below the detection limit at 12 days. 

A series of dung samples were exposed to field conditions for up to 30 

days; none of them was found to contain any ivermectin after 6-7 days; however, 

the absence of the drug was followed by an increased attractiont of beetles, which 

were collected from pitfall traps baited with dung. These results (11) suggest that 

some biochemical process have led to in situ modifications in the composition of 

dung from treated animals,resulting in increasing attractiveness, as reflected in the 

fetid odour of the dung, similar to that of faeces from omnivores. This led us to 
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analyse the dung for aminoacids during the exposure period in order to detect any 

differences in the dung composition before and after treatment. 

Aminoacid analyses 

As can be seen from Fig. 5, the aminoacid profiles for the treated and untreated 

samples were indeed different. Analysis on samples previously subjected to 

ivermectin determinations also revealed the aminoacid contents to change with time 

after injection. The changes, however, varied from compound to compound. Thus, 

the concentrations of glutamic and aspartic acid rose up till the fourth day, and later 

they dropped abruptly. On the other hand, the histidine and methionine 

concentrations increased slightly for 7 days and then decreased gradually. The 

alanine, valine and leucine give the highest peaks in the fourth and seventh day, 

whereas that proline increased throughout the period studied and the other 

aminoacids assayed (serine, arginine, threonine, tyrosine, isoleucine, phenylalanine 

and lysine) remained essentially constant. 

CONCLUSIONS 

Extraction of ivermectin with ethanol is a straightforward procedure that 

provides drug recoveries close to 100%. 

Ivermectin is rapidly excreted by cattle. Its concentration in dung increased 

daily in pats dropped on days one to four after injection. A peak of elimination was 

observed for day 5 followed by a quick decrease. After the twelfth day, the drug 

concentration is below the detection limit of the used procedure. 
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The residual concentration of ivermectin in dung exposed to field conditions 

decreases rapidly to undetectable levels after 6 days, when the dung whitens and 

develops a fetid odour. Also, the aminoacid concentrations decrease after 6-7 days, 

which might explain the anomalous attraction of the beetles. 
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ABSTRACT 

A procedure is presented for the direct and simultaneous determination of 
ascorbic acid (AA) and isoascorbic acid (lAA) in food products and animal tissues by 
reverse phase high-performance liquid chromatography. Two PLRP-S columns in series 
were used with a pH 2.2 mobile phase containing 20 mM phosphate buffer and 0.17% 
metaphosphoric acid. An amperometric detector set at 0.7 volt and 20 rnA was used. 
As little as 0.5 ng of each compound could be detected. When the same samples were 
incubated with homocysteine to reduce dehydroascorbic acid (DHAA) and 
dehydroisoascorbic acid (DHIAA) to AA and IAA respectively and reinjected into the 
system, the values for total AA and IAA were obtained. The concentration of the 
oxidized forms, DHAA and DHIAA, could then be calculated by substraction. 

INTRODUCTION 

D-Isoascorbic acid (IAA). also known as erythorbic acid or D-araboascorbic 

acid, is a C-5 epimer of L-ascorbic acid (AA) and has 5% of the vitamin activity of AA 

"Bureau of Nutritional Sciences Publication #430 
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(1,2). In spite of this, for economic reasons, IAA is frequently used as an antioxidant 

in foods (3,4). 

There are several highly sensitive high-performance liquid chromatography 

(HPLC) methods for the direct measurement of AA in foods and biological fluids (5). 

Some of these methods are also able to measure dehydroascorbic acid (DHAA) (6-8) 

and/or IAA (8-12). The method of Kutnink et al. (10) has a high sensitivity for the 

measurement of AA, IAA and uric acid in human plasma; however, it does not measure 

DHAA. On the other hand, the method of Vanderslice and Higgs (8,9) separates and 

quantifies AA and IAA and their corresponding oxidised forms, but is not as sensitive 

as the aforementioned method because it requires a post-column derivatization. 

We reported a procedure for the direct and simultaneous determination of AA 

and IAA in food products by paired-ion reverse-phase high performance liquid 

chromatography with electrochemical detection (13). When the same samples were 

incubated with homocysteine to reduce DHAA and dehydroisoascorbic acid (DHIAA) 

to AA and IAA respectively and reinjected into the system, the values for total AA and 

IAA were obtained. The concentration of the oxidized forms could then be calculated 

by subtraction. The procedure is highly sensitive but was subject to interferences 

when it was applied to biological fluids and tissues. Modifications to this procedure 

are reported here and include the use of polystyrene divinyl benzene polymer (PLRP-S) 

columns as proposed by Vanderslice and Higgs (9) but conserving our approach of 

treating the sample with homocysteine (7,14) in order to estimate AA, IAA, DHAA and 

DHIAA by a double injection into the HPLC system. 

MATERIALS AND METHODS 

HPLC System 

A chromatographic system (Spectra-Physics, San Jose, CAl consisting of a 

SP8800 pump, SP8760 autosampler cooler, SP8780 autosampler and a Chromjet 
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integrator was used. A pulse dampener (SSI, Supelco, Oakville, ONT) was 

incorporated into the system. The amperometric detection system (BAS, West 

Lafayette, IN) included an LC-4B controller and an electrode flow cell consisting of a 

glassy carbon electrode, a stainless steel electrode top, and an Ag/AgCI reference 

electrode. The applied potential was + 0.7 volts (oxidative) and the sensitivity range 

was 20 rnA. Two 25 cm x 4.6 mm, 5 pm particle size, PLRP-S columns (Polymer 

Laboratories Inc., Amherst, MA) connected in series were used to separate AA and 

IAA. For food analysis, the columns were kept at 22°C and for biological fluids and 

tissue analysis they were cooled to 5°C. The mobile phase was 20 mM sodium 

,phosphate monobasic, monohydrate containing 0.17% meta phosphoric acid at a final 

pH 2.2. The mobile phase was filtered through a 0.22 pm GS filter (Millipore Corp., 

Bedford, MA), degassed for half hour using a water aspirator and followed by bubbling 

helium continuously. For food analysis the flow was 0.7 ml/min at 22°C, but for 

tissues the flow was set at 0.6 ml/min and the columns cooled at 5°C. Samples and 

standards in a volume of 20 pi were injected into the chromatograph using the 

autosampler, maintained at 4-5°C. A calibration curve of at least 5 standards was run 

daily. Peak area for these standards were stored and the integrator automatically 

calculated a quadratic fit through the levels. Sample peaks were automatically 

compared with the calibration curve in order to calculate sample concentration. 

Sample Preparation 

Samples (0.5-3.0 g) were homogenized with a polytron homogenizer in enough 

cold 17% metaphosphoric acid (J.T. Baker Inc. Phillipsburg, NJ) to give a final 

concentration of 0.85% (w/v) as described by Pelletier and Brassard (15). 

Homogenates were centrifuged at 30,000 x g in a refrigerated centrifuge for 30 min. 

The supernatant was filtered through a Millex-GS 0.22 pm filter unit (Millipore, Bedford, 

MA). Usually 500 pi of clear supernatant was mixed with 115 pi 45% K2HP04 buffer 
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pH 9.8, to give a final pH of 7.1. After maintaining the mixture at 25°C for 30 min, 

0.85% metaphosphoric acid was added to bring the final volume to 2 ml. A 100 pi 

aliquot of the treated supernatant was diluted to 10 ml with mobile phase buffer. A 

20 pi aliquot of this was injected into the system. This procedure allowed for the 

determination of AA and IAA. For the determination of OHAA and OHIAA, a second 

aliquot of clear supernatant was mixed with 45% K2HP04 buffer, pH 9.8, containing 

1 % homocysteine (Sigma Chemical Co., St. Louis, MO) and kept at 25°C for 30 min. 

The rest of the procedure was identical to that used for AA and IAA. A second 20 pi 

injection in the HPLC system resulted in values for AA + OHAA and IAA + OHIAA. 

Therefore the concentrations of OHAA and OHIAA could be calculated by subtraction. 

Preparation of Standards 

A'A (SOH Chemicals Ltd. Poole, Englandl and IAA (Sigma Chemical Co, St. 

Louis, MO) stock standards were prepared at a concentration of 2.5 mg/ml with 0.85% 

metaphosphoric acid. Intermediate standards (50 pg/mll were prepared by diluting the 

stock standards 1 :50 with metaphosphoric acid. The intermediate standards were 

used to prepare a calibration curve. Usually, 500 pi aliquots of several diluted 

intermediate standards were treated with 45% K2HP04 buffer, pH 9.8, containing 1 % 

homocysteine and kept at 25°C for 30 min. After diluting the standard in the same 

form as the sample, 20 pi aliquots containing 0.5 to 2.5 ng of AA and IAA, were 

injected into the HPLC system. 

Samples 

Processed meats and other foods were obtained from local supermarkets. 

Plasma and tissues were obtained from five male Wistar rats (Charles River, Canada, 

St. Constant, Quebec) that were fed an AIN-76 diet (16) for three months. After this 

period, they were fed for 5 days the same diet but containing 100 g IAA/kg diet. 
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Tissues were collected from animals anesthetized with halothane (2 % in oxygen) 

(Fluothane. Ayerst Laboratory. Montreal). Plasma and samples of liver. adrenal gland 

and spleen were stored at -7SoC until analysis. 

RESULTS AND DISCUSSION 

A chromatogram of standards is shown in figure 1. The AA and IAA peaks. 

1 ng each. were well resolved on a stable baseline. Usual retention times were 

1S.6 min for AA and 18.3 min for IAA. These retention times were reproducible and 

changed slightly with different batches of mobile phase. Nevertheless. the separation 

of the AA and IAA peaks remained 1.7 to 1.8 min apart. In our previous method (13). 

the retention times were 27.3 for AA and 28.6 min for IAA. therefore two PLRP-S 

columns in this case performed much better than three C18 reverse-phase columns 

even in more adverse conditions. The columns were run at 0.6 ml/min because they 

were cooled down to SoC to allow for a better separation of AA and IAA. As will be 

shown later. when the columns are used for food analysis the flow was 0.7 ml/min and 

the temperature was kept at 22°C and the retention times were shorter. 

The observed detector response of the integrator for standard solutions of AA 

and IAA. in the range of O.S to 2.S ng. revealed an almost linear relationship. Figure 2 

shows a calibration graph for AA and IAA. The lowest detection level for AA or IAA 

was set at O.S ng; at this concentration the chromatograph characteristics were still 

far from the generally accepted definition of chromatography detection limit. namely 

the amount of analyte which produces a peak height more than two times the noise 

level. 

In our previous method (13) the detector response for AA and IAA was almost 

equal. however with the present system the response for IAA was smaller. As 

recoveries for both were 'the same (97-102%) this has to be attributed to a different 

mobile phase or to an unknown factor. 
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AA 

IAA 

i I o 10 20 

TIME (min) 

Figure 1. Chromatogram of standards. AA: ascorbic acid and IAA: isoascorbic acid 
(1 ng each). The retention times were 15.6 min for AA and 18.3 min for IAA. The 
peak at 14.0 min corresponds to homocysteine. 

Feeding rats a diet containing 10% IAA for five days produced high levels of 

this compound in plasma and the selected tissues, liver, spleen and adrenal gland 

(Figure 3). As can be seen in the chromatograms, the peaks of AA and IAA were well 

separated on a stable baseline and no interfering peaks were observed, except in the 

case of adrenal gland where an unidentified peak with a retention time of 17.5 min was 

close to IAA (18.3 min), however this was not a problem for the quantification of IAA. 

This interfering peak required the cooling of columns at 5°C. The values for AA, IAA, 

DHAA and DHIAA obtained after feeding rats a diet containing 10% IAA for 5 days, 

are presented in Table 1. As expected, the adrenal gland accumulated the highest 
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Figure 2. Calibration curve for standard solutions of ascorbic acid (AA) and isoascorbic 
acid (lAA) in the range of 0.5 to 2.0 ng. 
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Figure 3. Chromatograms of tissues from rats fed a diet a diet containing 10% of 
isoascorbic acid (lAA). Retention times were almost identical to those in Fig. 1. In 
panel A is liver, in panel B is spleen and in panel C is adrenal. In the latter tissue there 
was an unidentified peak with a retention time of 17.5 min. 
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TABLE 1 

Ascorbic Acid, Dehydroascorbic Acid, Isoascorbic Acid and Dehydroisoascorbic 
Acid Content of Plasma and Selected Tissues of Rats Fed a Diet Containing 10% 
of Isoascorbic Acid. 

Tissue Total AA AA DHAA TotailAA IAA DHIAA 

Plasma 9.09* 6.48 2.61 53.52 40.38 13.14 
± 1.65 ± 1.27 ±0.52 ± 14.69 ± 12.11 ±6.89 

Spleen 376.6 257.8 118.6 456.6 299.4 157.2 
±56.8 ±32.0 ± 31.1 ± 116.4 ±89.9 ±30.7 

Liver 114.8 101.6 13.2 123.20 102.2 21.2 
±33.8 ±38.0 ±7.7 ±42.8 ±31.7 ± 15.2 

Adrenal 1794.4 1505.2 289.0 1983.6 1465.4 518.2 
±418.9 ±530.0 ± 156.6 ±433.0 ±558.8 ±512.9 

* The values are mean ± SD, and are expressed in pg/g of tissue, or ml of plasma. 
There were 5 rats in the group. 

levels of AA. Interestingly, the levels of IAA are equal to those of AA under our dietary 

conditions. Total AA and Total IAA were present mainly in the reduced forms (AA and 

IAA) with the exception of spleen in which the oxidized forms (DHAA and DHIAA) 

represented approximately 50% of the total vitamin. A complete study of the effect 

of dietary IAA (and DHIAA) on the tissue levels of AA (and DHAA) will be presented 

later. 

As indicated above, food analysis was performed with the two PLRP-S columns 

at 22°C, because no interfering peaks were observed in any of the samples selected. 

Chromatograms (not shown) showed AA and IAA well resolved on a stable baseline. 

Because of the higher temperature and a higher flow (0.7 ml/min), retention times were 

11.9 min. for AA and 13.4 min. for IAA. The calibration curve (not shown) was similar 

to that in the tissue analysis. Recoveries studies were performed with all food samples 

and the values were in the range 94-104 %. 

Table 2 shows a sample of selected processed foods, in which meat products, 

without exception, presented variable levels of IAA and DIAA. In some products, such 
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TABLE 2 

The Content of Ascorbic Acid and Isoascorbic Acid and their Corresponding 
Oxidized Forms in Selected Foods. 

Food Total AA AA DHAA TotailAA IAA DHIAA 

skimmed 1 % nd nd 
milk 

Condensed 1.47* 0.79 0.68 nd 
milk 

Evaporated 19.60 16.80 2.80 nd 
mil~ (2%) 

Cherry 10.55 4.40 6.15 nd 
cheesecake 

Diet product, 22.75 10.34 12.41 nd 
chocolate 

Iced Tea nd 10.43 7.34 3.09 

Cooked Ham tr 72.1~ 68.99 3.17 

Sausage 1.44 0.63 0.81 12.81 7.63 5.18 

Chicken 5.13 4.24 0.89 42.13 29.46 12.67 
spread 

Fruit 8433.0 7767.0 667.0 nd 
Preservative 

* Values are expressed as mg/100 g or ml and represent the average of duplicate 
determinations, individual values did not differ by more than 3% from the 
average value. 
nd: not detected, tr: traces. 

as condensed milk, cheesecake and a diet product, DHAA was as high or higher than 

AA. On the other hand, products that contained IAA, the oxidized form was in small 

proportion. A fruit preservative, a product to be used in home fruit canning, contained 

only AA and DHAA at very high levels. These values represent a selected sample of 

a more widespread survey that is underway in our laboratory. 

The method described here allows for the quantification of AA, IAA, DHAA and 

DHIAA in food samples and in tissues of animals, and is highly sensitive. The 

amperometric detection permits quantification at levels of 0.5 ng/20 pi injection, but 
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requires a second injection in the chromatograph, after treatment with homocysteine, 

to determine the oxidized forms. On the other hand, the method of Vanderslice and 

Higgs (8,9) only requires one injection; however, after separation on the column, the 

compounds are converted into fluorescence derivatives, which require a more complex 

HPLC system and makes the method more difficult and less sensitive. 
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ABSTRACT 

TLC and HPLC techniques have been examined for histamine determination in fish. In 
case of HPLC determination a comparison of the performance characteristics of UV
Vis and Fluorescence detection is also described. Regression analysis was performed 
between the two sets of data, in order to examine the relative efficiency of the two tech
niques for the determination of histamine in fish sample extracts. Either of the two 
techniques proved sufficient for the determination of histamine in common concentra
tion ranges in fish extracts although fluorescence detection had better sensitivity. The 
recovery of histamine from fish samples was decreased in comparison to the standard 
solutions but it was still sufficient for routine analysis of the fish samples. 

*To whom correspondence should be addressed. 
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INTRODUCTION 

Histamine [4-(2-aminoethyl)-imidazole] is produced mainly by kidneys, liver 

and intestinal mucosa because of histidine decarboxyliosis by the enzyme histidine 

decarboxylase (1-2). Abnormal secretion and neurotransmitters metabolism (histamine 

being a by-product) are correlated with several diseases such as pheochromocytoma 

(3), neuroblastoma (4), schizophrenia (5), malignant hyperthermia (6) and probably 

hypertension (7). It is generally accepted that histamine acts as endotoxin and plays 

part in allergic shock (8). 

However, besides indigenous production of histamine, it is possible to be 

noticed elevation of its level in plasma up to 2.6 ppb (9) after consuming foodstuff, 

especially fish, where histamine is present because of micro-organism action. The 

excretion of histamine products produced during its metabolism is only 2-3% in the 

original form while 4-8% is excreted in the form of methylistamine, 9-11 % as im

idazoloacetic acid, 42-47% as methylimidazoloacetic acid, 16-32% as imidazoloacetic 

acid ribozide and less than 1% as acetylistamine (10). According to EEC guidelines 

91/493, histamine acceptable upper limit in fish is 100 ppm and several investigators 

have reported that levels vary with the kind of fish and their freshness, for example, in 

salmon 0-50 ppm, in tuna canned 16-74 ppm, and in anchovy 3.1-13.8 ppm (11-12). 

For histamine determination, several techniques have been developed : 

electrophoretic, radioimmuno-enzymatic, fluorescent and chromatographic (TLC, 

GC/MS, HPLC) (13-21). In particular, HPLC has been reported as the method of 

choice for the determination of histamine in case of pig hypothermia and beef stress, 

while in medicine in case of brain tumour. 

In the present study, thin layer and high performance liquid chromatographic 

techniques have been investigated for histamine determination in fish samples. A com

parison of the performance characteristics of UV -Vis and fluorescence detection is, 

also, described in case of HPLC detection. Also the stability and repeatability of the 

derivatization procedure for the preparation of the fluorescent derivative of histamine 

was examined. 

MATERIALS AND METHODS 

Equipment and Instruments 

-Thin layer chromatographic plates IOxlO cm (MERCK No 3156) 

-UV chamber 254-366 nm (CAMAG) 
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-liquid chromatograph (GILSON, model 802) 

-UV-Vis detector (GILSON) at 210 nm 

-Fluorescence detector (GILSON model 121) 

-Chromatography column (a.Lichrospher RP-18 5!lm and b.Hamilton PRP-X 200 

-Fluorescence filters, excitation 305-395 nm, emission 430-470 nm. 

Solvents and Solutions 

ForTLC: 

The developing solvent consisted from ethanol and NH40H (80/20 v Iv) 

The spraying reagents used for colour development were prepared as follows: 

l.Iodoplatinate (0.25 g PtCl6 and 5g KI diluted to 100 ml with a solution containing 2 

ml c.HCI in deionized water). 

2.Ninydrine (0.5 g ninydrine diluted to 100 ml with acetone). 

3.Fluorescamine (0.0125 g fluorescamine diluted to 100 ml with acetone). 

ForHPLC: 

The mobile phase used for the absorbance detection was an aqueous solution of 0.4 M 

~P04' pH =4.5. 

- Mobile phase for the fluorescence detector 0.05 M NaH2P04 70% and acetonitrile 

30%, pH=4.5. 

- Derivatization solvents: O-phthalaldehyde (OPA) 0.1% in methanol ,2M NaOH ,IN 

H 2S04, 

Standard histamine stock solution of 1000 ppm was prepared in water (169.1 mg his

tamine hydrochloric/100 ml) and working standards of 0.1,0.5, 1,2,5,8, 10 ppm in 0.2 

NHCI. 

Specimen Pretreatment 

Histamine isolation was performed according to Mietz and Kamas (11). Five 

grams of tissue with 10 ml of 5% CC~COOH solution were treated and purified with a 

mixture of n-butanol, n-heptane and chloroform. Histamine is finally isolated with 3 

ml 0.2N HCL. From these 3 ml, a) 1.3 and 5!ll were injected on TLC plates, b) 20 !!1 
were injected in HPLC with UV detector and c) 100 !ll were derivatized for fluores

cence detection. 
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Derivatization Procedure for Fluorescence Detection 

A volume of 100 fll from the above hydrochloric solution of histamine was 

diluted with 900 fll of 0.2 N HCI, treated with 200 fll of 2M NaOH and 100 fll of 

methanolic solution 0.1 % OPA, and were kept in darkness for 4 min. Finally, 200 fll of 

IN H 2S04 were added and the solution kept for 2 hours. At this time, the specimen 

was ready for injection. The analysis of the specimens was then executed in the same 

day. 

RESULTS AND DISCUSSION 

TLC Identification of Histamine 

Histamine was separated from aqueous standard solutions by thin layer 

chromatography. Three colour developing substances were tested as spraying reagents: 

iodoplatinate, ninydrine and fluorescamine. The mobile phase employed was a mixture 

of ethanol/aqueous ammonia (80/20 v/v) and the R f value was 0.62. The injected 

volume was 1 fll in all the experiments. 

In table 1, the results obtained from the above experiment are presented. All 

the spraying reagents were proved equally efficient in refer to the detection limit ob

tained (50 ng absolute), although f1uorescamine gave a more clear chromatographic 

picture. When 0.2 N HCl was used as diluent for the standard solutions the spots were 

stable for 24 hours only but when HCI was replaced with methanol the stability of the 

colour was better for longer periods of time. Iodoplatinate reagent coloured the plate 

with a light brown colour and the spots became dirty. Ninydrine developed a red violet 

colour and the rate of colour development increased by heating the plates to 60°C. 

Performance Characteristics of the Absorption and Fluorescence 

Determination of Histamine by HPLC 

Histamine could be determined after the elution from the chromatographic 

column either directly by absorbance measurement or by measurement of fluorescence 

after derivatization. This procedure was described at the experimental section. 

In figures 1 and 2, four typical chromatograms obtained from histamine determinations 
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TABLE 1. 
Characteristics of TLC Histamine Determination with Various Spraying 
Reagents (Rf = 0.62). 

Spraying 
reagents 

a. Iodoplatinate 

b. Ninydrine 

c. Fluorescamine 

Developed 
colour 

Brown 

Red violet 

Yellowish

green 

Remarks 

Dirty spots because of 
light brown colour on the 
plate surface 
Heating at 60°C 
accelerates the colour 
development 
Stable colour when MeOH 

is used as diluent, well 

defined spots 

are given. In each figure the first chromatogram correspond to standard solutions while 

the second correspond to fish samples (sardines). In figure 1 the chromatograms were 

produced by absorption measurements and in figure 2 by fluorescence measurements. 

It was obvious that the later were almost free from interfering peaks while the picture 

by absorption detection appeared to be more confused because of the existence of 

other peaks due to the matrix of the samples. 

Regression analysis was performed for both of the determination techniques. 

The calibration curve by ultraviolet detection was linear up to 10 ppm of histamine. 

However, the calibration curve by fluorescence detection was extended just to 2 ppm 

because of its higher sensitivity. The sensitivity expressed as the slope of the calibra

tion curve was five times greater with fluorescence detection than with absorption 

detection. 

In table 2 the two procedures are given in a comparative form as well as the 

regression data of each working curve. 

Critical Comparison of the Absorption and Fluorescence Calibrations 

in the Determination of Histamine by HPLC 

The histamine content of ten different fish samples (anchovy) was determined 

following the two prescribed techniques and referring to the corresponding calibration 
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FIGURE 1. Typical chromatograms from HPLC determinations of histamine in stan
dard solutions (A) and in sardine samples (B). The detection was based in absorbance 
measurements, 0.005 AUFS. 
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FIGURE 2, Typical chromatograms from HPLC determinations of histamine in stan
dard solutions (A) and in sardine samples (B). The detection was based in fluorescence 
measurements, 0.02 AUFS. The solutions were diluted 1:10 to 1:15 before their injec
tion, as it is described in the text. 

curves (Table 2). Regression analysis was performed between the two sets of data, in 

order to examine the relative efficiency of the two techniques for the determination of 

histamine in fish sample extracts. The extracts of fish samples which were measured for 

fluoresence, needed to be diluted 1:10 to 1:15 with the extraction mixture but for the 

absorbance measurement they were used directly. The results of these determinations 

are listed in table 3, 

The concentrations calculated by UV -Vis detection were scaled on Y-axis 

against the concentration calculated by fluoresence detection which were scaled on 
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TABLE 2. 
Comparison of Sensitivity of the two Techniques for the Determination of His
tamine in Standard Solutions after High Performance Uquid Chromatographic 
Elution. 

Parameter 

Detectors 

Chromatographic 
column 

Mobile phase 

Flow rate 
Pressure 
Development time 

Concentration Range 

Intercept value (a) 
Confidence Interval 
of the intercept (95%) 
Standard deviation 
of the intercept 

Slope value (b) 
Confidence Interval 
of the slope (95%) 
Standard Deviation 
of the slope 

Correlation Coeff.(r) 
Detection limit 

Absorbance Fluorescence 

Chromatographic Data 

UV-Vis, 210 nm 

Hamilton, PRP-X200 
No 79441 Cationic 
O.4M KH2P04 100% 
(pH=4.5) 

0.5 ml/min 
0.26 kpsi 
4 min 

Regression Data 

o to 10 ppm 

0.42 
(-5,6) 

2.19 

11.756 
(10.8, 12.7) 

0.38 

0.9974 
10 ng 

Excitation 305-395nm 
Emission 430-470nm 
Lichrospher RP-18, 5f1II1 

0.05M NaH2PO 4 70% 
Acetonitrile 30% 
(pH =4.5) 
0.5 ml/min 
1.10 kpsi 
4 min 

o to 2 ppm 

-2.31 
(-4.9, 0.25) 

1.26 

56.083 
(53.5,58.7) 

1.29 

0.9901 
1 ng 
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TABLE 3. 
Concentration of Histamine in Anchovy Samples Analysed by HPLC and UV
Vis or Fluorescence Detectors. 

Sample No. Concentration(ppm) 
from absorbance 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

5.50 
7.50 
4.50 
6.00 
3.00 
2.25 
3.34 
3.50 
3.75 
3.54 

Concentration (ppm) 
from fluorescence 

5.60 
7.35 
4.87 
5.61 
3.36 
2.17 
3.35 
3.55 
3.60 
3.50 

X-axis. In case of equal efficacy between the two techniques (i.e. same sensitivity and 

precision), the slope of the linear curve should be equal to unit (in this case + 1) and 

the intercept equal to zero. Moreover when the reproducibility of the two techniques is 

comparable, the correlation coefficient should also be very close to unit (in this case 

+ 1). The results of this regression analysis are listed in table 4. 

Thus, it was proved that the identical values laid inside the confidence intervals 

for a 95% significance level. So either of the two techniques could be used for the 

determination of histamine in such concentration range in fish extracts. 

Reproducibility of Derivatization Procedure 

The procedure described in the experimental section for the production of a 

fluorescent product of histamine was repeated six times in the same extract and the 

variation of the peak heights obtained during the HPLC elution was examined. The 

mean height of the six determinations was 109.5:!: 16.9 at 99% significant level and the 

relative standard deviation was 9.38%. Thus, the derivatization procedure was proved 

sufficiently reproducible. 

The next step was to examine the day-to-day stability of the derivative product. 

Six repetitions of the derivatization procedure were done in a day and the extracts 

were measured by HPLC. They left stand for 48 hours and then they were analysed 
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TABLE 4. 
Regression Data for the Comparison of the Efficacy of the Two Techniques for 
the Determination of Histamine in Fish Extracts. 

Statistics 

Overall mean 

Experimental Error 

Relative Experimental Error 

Regression Equation 

Standard Deviation 

Confidence Limits (95%) 

Identical Values 

Experimental Value 

4.29 ppm 

0.155 

3.61 % «5%) 

y= - 0.24 + 

of intercept 0.22 

-0.27,0.74 

0.0 

0.95X 

of slope 0.05 

0.85,1.06 

1.0 

again. The two sets of data were statistically tested for their homogeneity. The coeffi

cient of variation was 0.563 and 0.792 for the two days and the pooled coefficient was 

0.678. The calculated t-value was 2.46 and the critical values for 95 and 99% significant 

levels are 2.23 and 3.17 respectively. Thus, for a 99% significance the two sets are 

homogeneous, although in lower significance they might be different. The conclusion 

coming from these results is that the fluorescence product must be measured in day in 

order to avoid probable differentiation in the results. 

RecoveIY Study 

The recovery efficiency of the extraction procedure was tested either in stan

dard solutions and in fish samples by absorbance detection. Six different standard solu

tions and three sardine samples were analysed each time and the results are shown in 

details in Table 5. The standard solutions were spiked in duplicate with 5, 25 and 50 I-lg 

of histamine. One part from each of the three fish samples was spiked with 5 I-lg of his

tamine and the other equal part was analysed directly without any addition. 

As it can be seen from the above table, although the recovery of histamine from 

fish samples was decreased in comparison to the standard solutions, it was still suffi

cient for routine analysis of the fish samples. 
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TABLE 5. 
Recovery of Histamine after Extraction from Standard Solutions and Fish 
Samples. 

Statistics Standard Solutions Sardine Samples 

Mean Recovery( % ) 
Range of values 
Standard Deviation 
Standard Error 
99% Confid. Limits 

88.25 
80.5-94.5 
5.13 
2.09 
82.85-93.65 

CONCLUSIONS 

75.44 
64.68-82.35 
9.44 
5.45 
61.38-89.5 

TLC application by three spraying reagents proved sufficient for histamine 

determination. Fluorescamine as development reagent gave a slightly clearer picture 

lasting only 24 hours when the standard solution was diluted with 0.2 N HCI but being 

stable for a longer period when the standard solutions were prepared in methanoL This 

technique was proved sufficient for the detection of histamine in solutions with con

centration of 50 ppm. 

Absorbance detection was less sensitive than fluorescence detection. However, 

for the routine analysis of histamine in fish samples both techniques could be applied 

with reliable performance characteristics. 

Although fluorescence detection was proved very sensitive, it should be kept in 

mind that it is more time consuming because of an extra procedure needed for the 

derivatization of histamine. 
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ABSTRACT 

The analysis of low molecular weight carbohydrates in single seed of lentils has been 

carried out using two different high performance liquid chromatography (HPLC) methods. 

One used a reversed-phase column coupled to a refractive index detector (HPLC-Rl), while 

the other utilised an anion-exchange phase column coupled to a triple-pulsed amperometric 

detector (HPAC-PAD). The latter was found to be more sensitive and could be used for the 

analysis of very small samples, hence allowing parts of a seed to be analysed and then grown 

and used for genetic studies. 

INTRODUCTION 

Legume seeds are an important source of protein for human and animal nutrition. 

Their value as a food, however, is limited by the presence of considerable amounts of a-
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galactosides of the raffinose family, which have been implicated as the main cause of flatus 

(Calloway, 1971; Rackis, 1975; Reddy et al. 1984, Price et al. 1988). In consequence, the 

determination of the oligosaccharide content in pulses has been the subject of many 

investigations, many of which are linked to improving the quality of pulses for human 

nutrition (Price et al. 1988; Adsule, 1989). 

Different methods have been proposed to remove raffinose oligosaccharides, including 

soaking, cooking, germinating or fermenting the seeds, or the meal, prior to incorporation 

into human diets (Rao and Belavady, 1978; Iyer et al. 1980; Reddy and Salunkhe, 1980; 

Jood et al. 1986, Kataria et at. 1990; Vidal-Valverde and Frias, 1992; Vidal-Valverde et al. 

1992, 1993a,b). An alternative approach is to seek genetic variation for the a-galactosides 

and to use this in the development of improved varieties which have acceptable low levels 

of this compounds. If variants are found then it will become necessary to follow the 

segregation of the oligosaccharides in a breeding programme, and for this to accur it is 

necessary to develop semi-micro analytical methods which allow single seeds to be analysed 

non-destructively. In addition, it may be necessary to analyse the seed coat (testa) and the 

embryo of each seed separately, since the two can be genetically differents. 

A number of methods have been used for the analysis of soluble carbohydrates in 

foods. Although they can be quantified by gas chromatography, their lack of volatility 

requires a time-consuming derivatization procedure (Knapp, 1971). High performance liquid 

chromatography (HPLC) methods, incorporating micro-particle silica-amino based columns 

and refractive index (Rl) detection, are used widely and have given excellent results 

(Knudsen, 1986; Muzquiz et al. 1992; Arentoft and S0rensen, 1992; Vidal-Valverde et al. 

1992; 1993a,b). Neither of these methods, however, has been carried out previously on the 

small amounts of sample required for single seed analysis. 

It has been reported that high performance anion-exchange chromatography with 

pulsed amperometric detection (HPAC-PAD) will separate and quantify small amounts of 

sugars in a mixture of standard solutions (Rocklin and Pohl, 1983; Townsend et al. 1988; 

Wang and Zopf, 1989). Low-molecular weight sugars having pK values ranging from 12 to 

14 can be separated by anion exchange, which allows their separation on a strongly basic 

hydroxide-form anion exchange column with highly alkaline eluents (Rendleman, 1973). 

HPAC-PAD equipped with a gold electrode is sensitive only to compounds containing 
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oxidizable functional groups including hydroxyl, amine and sulfide moieties; carboxylic acids 

and inorganic species do not interfere (Rocklin and Pohi, 1983). 

The object of the present investigation was to assess the effectiveness of HPLC-RI 

and HPAC-PAD for determining the content of low-molecular weight oligosaccharides in 

individual lentil seeds. 

MATERIALS AND METHODS 

Reagents. 

Standard sugars (fructose, sucrose, raffinose and stachyose) were obtained from 

Sigma Chemical Co. Poole, Dorset, UK. 

Sample preparation. 

The Syrian Local Large (SLL) genotype of lentil (Lens culinaris) used in this study 

was obtained from the John Innes Institute germplasm collection. Single seeds were separated 

into the testa and the embryo components. Single embryos were ground in a Glen Creston 

grinder (type 31-700) and the resultant flour was used to extract the sugars. 

Extraction procedure. 

For the extraction of the a-galactosides, mono- and disaccharides, a range of weights 

of flour from single embryos were suspended in 5 ml of 80% ethanol, the sample boiled 

under reflux for 15 min, cooled and then centrifuged at 5000 rpm. The residue was extracted 

twice more, and washed with distilled water until no carbohydrate was detected (Molisch's 

test, Pearson, 1975). The supernatants were combined, concentrated in a Buchner Vortex 

evaporator and the residue used for chromatographic analysis. 
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HPLC detennination. 

The HPLC-Rl analysis was perfonned on an HPLC chromatograph (Philips 

Analytical) equipped with a model PU-4100 pump, a Rheodyne Model 7000 sample injector 

(Berkeley, Ca) fitted with a 100JLl stainless steel injection loop, and a model 132 optical 

reflection type differential refractometer detector (Gilson Associates). The chromatographic 

system was controlled by an IBM PC with 715 HPLC system controller software (Gilson 

Associates). A pre-column (3.2 mm Ld. x 4.0 cm) packed with C,s Porasil B and a 

JLBondapack/Carbohydrate column (3.9 mm Ld. x 30 cm) (Waters Associates) at 35°C were 

employed, with a mobile phase of acetonitrile/water (75:25) which had previously been 

filtered through a millipore FH (0.45 JLm) membrane (Waters Associates) and degassed with 

helium. The flow rate was 2 ml min". 

The HPAC-PAD analysis was perfonned on a Dionex (Sunnyvale, CA) LC gradient 

pump module and model PAD-II detector equipped with a solvent-compatible electrode. 

Sample injection was via a Dionex autosampler equipped with a 25 JLl sample loop. 

Carbohydrates were separated on a CarboPac PA-lOO pellicular anion-exchange resin column 

(4.0 x 250 mm) and a CarboPac PA-lOO guard column (3 x 25 mm) (Dionex, Sunnyvale, 

CA) with a flow rate of 1 ml min-' at ambient temperature. The mobile phase consisted of 

145 mM sodium hydroxide solution, prepared with degassed water and 50% NaOH (BDH) 

solution. The mobile phase was degassed to prevent absorption of carbon dioxide and 

subsequent production of carbonate, which would act as a displacing ion and shorten 

retention times. Detection was by triple-pulsed amperometry with a gold electrode. The 

following working pulse potentials and durations were used for detection of low molecular 

weight sugars: E, = 0.05 V (t, = 300 msec); E,. = 0.60 V (t, = 120 msec) and ~ = -0.60 

V (t3 = 300 msec). The CHOR secondary hydroxyl groups are oxidized at E" E,. which 

removes the reaction products, while ~ cleans the electrode at a negative potential (Rocklin 

and PohI, 1983). The response time of the PAD was set to 1 sec and the output range was 

set at 10000nA. Chromatographic data were collected and plotted using Dionex AutoIon 450 

software. 

For both HPLC-Rl and HPAC-PAD systems, quantification of each sugar was 

accomplished by plotting the peak areas of the sample against those of standard solutions. 

Commercial ciceritol and verbascose standards were not available. Verbascose was isolated 
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from peas (Price, 1981) and ciceritol from lentils (Bernabe et al., 1993) and their 

identification confirmed on TLC silica gel plates as indicated previously (Vidal-Valverde and 

Rojas-Hidalgo, 1976). Insufficient amounts of these oligo saccharides were prepared for use 

as standards for HPLC, therefore, ciceritol (trisaccharide) and verbascose (pentasaccharide) 

were identified by their retention time and quantified, using raffinose (trisaccharide) and 

stachyose (tetrasaccharide) as standards. 

RESULTS AND DISCUSSION 

A prerequisite for studying the inheritance of low-molecular weight carbohydrates in 

legumes is to optimize the conditions for analysing the minimum amount of sample. The 

embryo and testa can be separated from single seeds and analysed separately; a single lentil 

seed weighs between 20 and 100 mg, with 5-15% of this weight corresponding to the testa. 

High performance liquid chromatography with a refractive index detector (HPLC-RI) and 

high performance anion-exchange chromatography with a triple-pulsed amperometric detector 

(HPAC-PAD) were used to quantify the monosaccharide, fructose; the disaccharide, sucrose 

and the oligosaccharides of the raffinose family (raffinose, ciceritol, stachyose and 

verbascose) in the embryos from seeds of the lentil genotype SLL. The results from the two 

methods were compared to establish the optimum conditions for analYSing the composition 

in single embryos. 

Table I shows the retention times (tR , capacity factor (k') and number of theoretical 

plates (N) of the fructose, sucrose, raffinose and stachyose detected by HPLC-RI and HPAC

PAD. Figure I shows the chromatograms of these sugars in a standard mixture (a) and SLL 

lentil embryo sample (b) analysed by HPLC-RI, whilst Figure 2 shows the standard mixture 

(a) and SLL lentil embryo sample (b) analyzed by the HPAC-PAD system. 

A standard curve was plotted out for each available standard. The equation constant, 

the correlation coefficient, the concentration range and the detection limit for each sugar are 

illustrated in Tables 2 and 3. The correlation coefficients of all standard sugars were always 

greater than 0.99. The concentration range analysed and the detection limit were between W

and lOO-fold higher using the HP AC-PAD system compared with HPLC-RI. This system also 

showed a good detection limit for fructose, sucrose, raffinose and stachyose, again with a 

higher sensitivity than for HPLC-RI. 
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FIGURE 1.- Chromatograms obtained using HPLC-Rl system: /LBondapack/ 
Carbohydrate column (3.9 x 300 mm) (Waters Associates) at 35°C; eluent 
acetonitrile/water (75:25). (a) Standard solution; (b) SLL cotyledon lentil sample, 
where: 1.- Fructose; 2.- Sucrose; 3.- Raffinose; 4.- Stachyose; 5.- Ciceritol; 
6.- Verbascose. 
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The amount of fructose, sucrose, raffinose, ciceritol, stachyose and verbascose in 

lentil embryo meal was analyzed by HPLC-Rl system using different sample sizes (from 10 

mg to 100 mg) (Figure 3). The results obtained showed good agreement for samples ranging 

between 40 mg and 100 mg. When the weight of the sample was in the range 20 mg to 40 

mg the amount determined for each sugar was slightly lower, and with 10 mg samples the 

amount found was at the limit of the detection level. Previous reports have shown excellent 

resolution and quantification of low molecular weight carbohydrates in legumes by HPLC-Rl 

techniques working with large amounts of sample. Knudsen (1986) determined the content 

of the raffinose oligosaccharide family in soya beans, chickpeas, garden peas and kidney 

beans using 10 g of sample. Arentoft and S0rensen (1992) and Muzquiz et al. (1992) 

analyzed the content of raffinose, stachyose and verbascose in pea and lupin species working 

with 0.5 g of initial sample, and Vidal-Valverde et at. (1992, 1993a) with 2.0 g and 10 g 



2476 FRIASET AL. 

~ 2 
4 

;!1 
6 

~ 
0 5 10 15 20 25 30 

LJ 4 

~ 
o 5 10 15 20 25 30 

Time (minutes) 

FIGURE 2.- Chromatograms obtained using HPLC-PAD system: CarboPac PA100 
(4.0 x 250 mm) (Dionex); eluent, 145 mM NaOH. (a) Standard solution; (b) SLL 
cotyledon lentil sample, where: 1.- Fructose; 2.- Sucrose; 3.- Raffinose; 
4.- Stachyose; 5.- Ciceritol; 6.- Verbascose. 

samples, respectively. The conditions that we have established here, with the HPLC-RI 

system, allowed the determination of a very small amount of sample. In the case of fructose 

and verbascose their contents were quantified totally when the sample size was 20 mg. For 

sucrose, raffinose and ciceritol the amount of sample required was higher (30 mg), and 40 

mg of lentil flour was required to accurately determine the stachyose content (Figure 3). 

These results, therefore, demonstrate that the limit of the amount of sample required to 

quantify all of the low molecular weight sugars in lentil meal using the HPLC-RI method is 

40 mg. 

Figure 4a and 4b show the content of monosaccharides, disaccharides and a

galactosides using high performance anion-exchange chromatography with the pulsed 

amperometric detector (HPAC-PAD) system. In this case, all the sugars were accurately 

analysed using sample sizes from 10 - 100 mg (Figure 4a). In addition, sample weights 

between 1 and 10 mg were also successfully analyzed and quantified using this method 

(Figure 4b). We are not aware of any other data regarding the analysis of soluble 

carbohydrates in legumes using such small amounts of sample. Several workers have 
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FIGURE 3.- Monosaccharide, disaccharide and a-galactoside content in g/l00g 
dry weight of SLL lentil embryos using HPLC-RI system: /LBondapackJ 
Carbohydrate column (3.9 x 300 mm) (Waters Associates) at 35°C; eluent 
acetonitrile/water (75:25). Values are the mean of four determinations and the bars 
record the standard deviation. 

separated different sugar standards previously with an HP AC-PAD analytical system. Rocklin 

and Pohl (1983) separated alcohols, monosaccharides, disaccharides and other 

oligosaccharides such as maltose oligomers and the detection limits were found to be as low 

as 30 ppb for sugar alcohol and monosaccharides and about 100 ppb for maltose oligomers. 

They determined the lactose content of flavoured potato chips, containing a high 

concentration of potentially interfering salts, and found this to be about 70 ppm. Similar 

results were obtained by Townsend et ai. (1988), who used the same method to separate a 

variety of neutral, silylated and phosphorylated oligosaccharides. Other authors for example 

Hardy et ai. (1989), have analyzed different carbohydrates in biological samples and 

quantified at the subnanomole level neutral and amino sugars using pulsed amperometric 

detection. Wang and Zopf (1989), separated and quantified different lacto-N-fucopentoses in 
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FIGURE 4.- Monosaccharide, disaccharide and a-galactoside content in g/100g dry 
weight of SLL lentil embryos [(a) between 10 - 100 mg; (b) between 1 - 10 mg] 
using HPLC-PAD system: CarboPac PA100 (4.0 x 250 mm) (Dionex); eluent, 145 
mM NaOH. Values are the mean of four determinations and the bars record the 
standard deviation. 
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50 ILl of human milk. The method presented here allowed us to analyse Img of lentil flour 

and to detect 8ng of fructose, 150 ng of sucrose, 34 ng of raffinose, 120 ng of ciceritol, 120 

ng of stachyose and 48 ng of verbascose. 

CONCLUSION 

The HPLC-IR and HPAC-PAD analytical procedures described here for the 

quantification of low molecular weight carbohydrates allow the separation and detection of 

these sugars in legume seeds. This study shows that both methods are reliable when the seed 

size is not a limiting factor. The anion exchange column with triple-pulsed amperometric 

detection, however, results in a higher sensitivity for detecting carbohydrates and will allow 

parts of seeds, embryos and testas of lentils to be analysed individually, which is a 

prerequisite for genetic studies. 
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ABSTRACf 

A fast and sensitive method for the determination of diethylenetriamine in water and soil by High 
Performance Uquid Chromatography (HPLC) with Fluorescence Detection is described. Diethylenetriamine 
is converted to its f1uorescamine derivatives through pre-column derivatization and is separated by an isocratic 
reverse phase chromatographic system (Nucleosil C18) with acetonitrile and borate buffer at pH 8 as the 
mobile phase. Water samples at concentrations of diethylenetriamine from 20 - 100 J-Lg/L were derivatized 
with f1uorescamine and chromatographed directly through direct aqueous injections. Recoveries averaged 94 
± 7% for a population of nine samples. Soil samples at concentrations of diethylenetriamine from 0.24 - 1.0 
J-Lg/g were extracted with CaCl2 solution (2 M) followed by derivatization with fluorescamine. Derivatized 
soil extracts were then analyzed by HPLC. Recoveries averaged 21 ± 2% for a population of nine samples. 

INTRODUCTION 

Diethylenetriamine is commonly used as a chemical intermediate for reactive polyamide resins, 

fatty aminoamides, fatty imidazolines. It is also used as a solvent for sulfur, acid gases, various resins, 

and dyes. During its manufacture and commercial use, diethylenetriamine can enter the environment 

through emissions in air or in waste water. Because of its chemical and physical properties, diethylenetriamine 
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is expected to leach into the ground once it is released on to land. To date, the environmental fate of 

diethylenetriamine is still unknown largely due to the lack of an adequate analytical methodology. To study 

the environmental fate of diethylenetriamine, a rapid and sensitive analytical method is essential in order to 

identify and quantify diethylenetriamine at relevant environmental concentrations. 

Fluorescamine, an important fluorogenic reagent, has been used extensively to label primary and 

secondary amines, amino acids, peptides, and proteins'·2. It also has been used to derivatize aliphatic 

diamines and polyamines through both pre- and post-column derivatization3
•
4

• This non-fluorescent 

reagent reacts rapidly with primary amines in an aqueous environment to form pyrrolinones which fluoresce 

at 475-500 nm upon excitation at approximately 390 nm'. The resulting fluorescence is proportional to the 

amine concentration and can be used for quantitation. The derivatization reaction and the hydrolysis of excess 

reagent generally take place at pH > 7 and at room temperature. The reaction rate depends strongly on the 

pH, the nature of the organic co-solvent, and the buffer selected. Diethylenetriamine contains two primary 

and one secondary amine groups that are susceptible to fluorescamine derivatization. This paper describes a 

quick and highly sensitive method for the determination of diethylenetriamine in water and soil as its 

fluorescamine derivative by HPLC with fluorescence detection. 

MATERIALS AND METHODS 

Chemicals: 

Diethylenetriamine (lot # 00722J2) was obtained from Aldrich (Milwaukee, Wisconsin) with a 

chemical purity of 99%. F1uorescamine (lot # 08808E2) was also obtained from Aldrich with a chemical 

purity of 98 %. Calcium chloride and boric acid (crystal) were obtained from MaIIinckrodt (Paris, 

Kentucky) and were analytical grade. All other chemicals were obtained from commercial sources and 

were at a minimum reagent grade. All solvents were HPLC grade. 

Water and soil: 

Water recovery samples were prepared in deionized water collected in the state of Kentucky. Soil 

recovery samples were prepared in soil also collected in the state of Kentucky. The textual classification of 

the soil was clay. 

Recovery sample preparation and fluorescamine derivative formation: 

1. Water. Water recovery samples were prepared in deionized water. They were fortified with a stock 

solution of diethylenetriamine prepared in methanol. The fortification levels produced were 20.4, 61.2 

and 102 IJ-g/L (three replicates at each concentration). An additional three deionized water samples were 

left unfortified to be utilized as control samples. To 1.00 mL of sample solution was added 20 IJ-L of 

dilute NaOH solution (0.1 N). Exactly 100 IJ-L of fluorescamine stock solution (5 mg/mL prepared in 
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acetone) was then added to the mixture at room temperature. Rapid addition and mixing were essential 

to achieve optimal fluorescence. An aliquot of the reaction mixture was injected directly onto the HPLC 

column. 

2. Soil. Soil recovery samples were prepared in Kentucky soil. Approximately 2 g of soil was weighed into 

a glass centrifuge tube and fortified with a stock solution of diethylenetriamine prepared in CaCl2 

(2M). The fortification levels produced were approximately 0.24, 0.50 and 1.0 ,.g/g (three replicates at 

each concentration). An additional three soil samples were left unfortified to be utilized as control 

samples. Each soil sample was extracted with 4.00 mL of CaCl2 solution (2 M) by vortexing vigorously 

for approximately 3 minutes. The extract was separated via centrifugation for approximately 10 minutes 

at 2000 rpm. To exactly 1.00 mL of soil extract was added 20 ,.L of dilute NaOH solution (0.1 N). 

Exactly 400 ,.L of fluorescamine stock solution (2 mg/mL prepared in methanol) was then added to the 

mixture at room temperature. Rapid addition and mixing were essential to achieve optimal fluorescence. 

An aliquot of the reaction mixture was injected directly onto the HPLC column. 

High Performance Liquid Chromatography (HPLC): 

HPLC was performed on an isocratic reverse phase system with fluorescence detection. 

Instruments included a Hewlett Packard 1050 solvent pump, a Hewlett Packard 1050 autosampler, a 

Waters 470 fluorescence detector, and a Hewlett Packard 3396A integrator. A Nucleosil C18 (10 ,.m, 250 

X 4.6 mm) column was used to separate diethylenetriamine-fluorescamine derivatives. The HPLC mobile 

phase was 50% methanol and 50% borate buffer (0.1 M, pH 8) at 1 mL/minutes for water samples, and 

40% methanol and 60% borate buffer at 1.8 mL/minutes for soil samples. The borate buffer was 

prepared by titrating 0.1 M boric acid with 1 N sodium hydroxide. Fluorescence detection (excitation: 

390 nm, emission: 475 nm) was used to monitor the eluted derivatives. The injection volume was 20 

,.L for all samples. 

Ouantitation· 

The quantification of diethylenetriamine was achieved using an external calibration method. 

External calibration standards were prepared in deionized water and CaCl2 solution (2 M) for water 

samples and soil samples, respectively, using stock solutions of diethylenetriamine prepared in methanol. 

The concentrations of the standards were 20, 40, 60, 80 and 100 ,.g/L. Each standard was subjected to 

derivatization with fluorescamine following procedures described above. Two complete sets of standards 

were analyzed with each sample set, one prior to analysis of the samples and one immediately follOwing 

the samples. A standard curve was constructed by plotting the peak area (for water samples) or peak 

height (for soil samples) of diethylenetriamine-fluorescamine derivative versus the concentration (J."g/L) 

of the standard injected using linear regression. The correlation coefficient, slope, y-intercept and 

minimum detectable limits were calculated. The concentrations of diethylenetriamine in each sample were 
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determined using the Iinear regression and the diethylenetriamine-fluorescamine derivative peak area or height 

of the samples. 

For soil samples, since external calibration standards were prepared in pure CaCI. solution, the 

matrix effect on detector responses was examined in order to obtain accurate quantification. An experiment 

was conducted to determine the differences in detector response between a sample in pure CaCI. and a sample 

in soil extract (CaCI. extract). In this experiment, two 100 ,.g/L diethylenetriamine samples were prepared, 

one in pure CaCI. solution (2 M) and one in control soil extract (CaCI. extract). These two samples were 

derivati.zed with f1uorescamine and analyzed by HPLC simultaneously. Four repetitive HPLC injections were 

performed for each sample alternately. The mean peak height of each sample was calculated. A detector 

response factor of 0.667 was calculated as the ratio of the peak height of the sample prepared in soil extract 

to the one prepared in pure CaCI.. Tbis detector response factor was used to correct the method recovery. 

RESULTS AND DISCUSSION 

Under slightly basic conditions (PH 8), the derivatization reaction between fluorescamine and 

diethylenetriamine in water resulted in at least three fluorescent derivatives, presumably as products of 

both the primary amino-group and the secondary amino-group. The separation of these derivatives was 

achieved using an isocratic reverse phase C 18 (Nucleosil) column with a borate buffered (PH 8) mobile 

phase. Under the derivatization conditions, a major fluorescent derivative was formed and reached its highest 

fluorescent intensity almost instantaneously. Tbis derivative (retention time - 3.7 minutes) was found to be 

stable for at least few hours and used for quantitation. Identification of the three major derivatives was 

beyond the scope of this work and was not pursued. Prior to achieving these experimental conditions, various 

experiments were conducted to optimize the derivatization reaction and the separation of various fluorescent 

prnducts. The derivatization reactions were conducted at various pHs (PH 6, 7, 8 and 9) and in various buffers 

(NaOH, borate buffer, and phosphate buffer). It was found that the rate of formation as well as the intensity 

of the fluorescent derivatives increased with increasing pH. Although these fluorescent products were most 

intense at pH 9, the degradation (presumably via hydrolysis) of these products at pH 9 was significantly faster 

than at pH 8. Running the reaction at pH 8 was, therefore, more desirable. The effect of different buffers 

on the reaction rate was also examined. Borate buffer (PH 8) was preferable than phosphate buffer (PH 8). 

The reaction in phosphate buffer resulted in several fluorescent products with similar intensities, while a single 

predominant product was formed in borate buffer. Adjusting pH with a small amount of dilute NaOH solution 

produced similar results as to using borate buffer at pH 8. Instead of using borate buffer at pH 8, NaOH was 

used to adjust the pH of water samples as well as soil extracts in order to minimize the dilution of analyte. 

The water method was validated by fortification of deionized water with diethylenetriamine at nominal 

concentrations ranging from 100 -20 ,.gIL with a mean recovery of 94 ± 7%. The limit of quantitation was 

defined as one-half of the signal response of the lowest concentration calibration standards. Based on this 
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TABLE 1 

Analytical Results for the Recovery of Diethylenetriamine From Water and Soil. 

Sample Concentration Concentration Number Overall 
Type Fortified Recovered Recovery of Mean ± STD 

C/.LglL or .ug/g) C/.LglL or .uglg) % Replicates (n=9) 

Water 20.4 18.5 ± 1 91 ± 5% 3 94.7 ± 7% 
Water 61.2 57.2 ± 4 93 ± 6% 3 
Water 102 104 ± 4 102 ± 4% 3 
Water Control NA < 13.5 NA 3 

Soil 0.246 0.0337 ± 0.002 13.7 ± 0.8 % 3 13.8 ± 1% 
Soil 0.499 0.0638 ± 0.002 12.8 ± 05% 3 21 ± 2%* 
Soil 0.996 0.150 ± 0.002 15.0 ± 0.4% 3 
Soil Control NA <0.0186 NA 3 

* Corrected for detector response factor 

Figure 1. An HPLC chromatogram of a water sample at 102 p.g/L using the reverse phase C18 
system. (peak of interest = 3.679 minutes) 
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definition, a limit of quantitation for this metbod was calculated to be 13.5 /-I-gfL. However, based on tbe 

signal-to-noise ratio, detector sensitivities, and injection volumes, a ten-fold lower quantitation limit (- 1 /-I-gfL) 

could easily be achieved. The recovery data for this water metbod is presented in Table 1. A representative 

cbromatogram showing dIe analysis of dietbylenetriamine at 102 /-I-gfL is shown in Figure 1. A typical linear 

regression analysis for calibration standards is presented in Figure 2. 

Development of a soil metbod presented much greater challenges owing to tbe difficulties in 

extracting dietbylenetriamine from a soil matrix. Tbe strOng adsorption of dietbylenetriamine to soil has 

been studied extensively". Dietbylenetriamine has a high water solubility and a relatively low vapor 

pressure. It contains two primary and one secondary amine groups, witb pK,. values of 9.4 and 10.1. 

These functional groups will be partially protonated at pH ranges found in most soils and ground water. 

The ionic or electrostatic interactions between amines and dIe charged soil surface were considered tbe 

predominant mechanism in regard to soil adsorption7. Because of tbese interactions, tbe mineral content 

and tbe cation exchange capacity of a soil are also considered as important parameters influencing soil 
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Figure 3. An HPLC chromatogram of a soil sample at 0.98 pg/L using the reverse phase CI8 
system. (peak of interest = 5.765 minutes) 

adsorption'. Various solvents were used to extract diethylenetriamine from soil during the method 

development. They included: CaCI2 (1 M and 2 M), KCl (1 M and 2 M), NH.OH (3.4%), HCl (0.1 M 

and 1 M), sodium borate buffer (0.1 M, pH 8), water, and mixtures of acetonitrile, methanol, and water. 

Among these solvents, CaCl2 at a 2 M concentration proved to be the most promising solvent. The 

extraction procedures were also examined extensively. It was found that extended shaking (e.g. 2 hours, 

overnight and three days) did not improve extraction efficiencies, indicating that equilibrium was 

achieved after vigorously vortexing for 3 minutes. To achieve a lower quantitation limit, experiments 

were also conducted to optimize the solvent-to-soil ratio. Higher ratios would produce higher extraction 

efficiency but analytes would be more dilute if no concentration steps were involved. The optimal ratio 

was determined to be 2-to-l for this method. 
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Figure 4. An HPLC chromatogram of a control soil sample. (peak ofinterest = 5.738 minutes) 

Similar to water samples, at least three fluorescent derivatives (with one major) were formed 

under the derivatization conditions. These three derivatives, however, could not be separated under the 

HPLC conditions described above. The co-elutions observed were due to the high ionic strength of the 

sample matrix (2 M CaCI,). This matrix effect was significantly decreased when the injection volume 

was at or below 2 Io'L. Unfortunately, the sensitivity required for this method could not be achieved using 

a 2 ~ injection volume. Various LC conditions were tested in an attempt to resolve these co-eluting 

peaks. These included various gradient elutions, various stationary phases (CI8, C8, CN, NH" phenyl, 

etc.), many different buffered mobile phases at different pHs (PH 3.5, 5, 6, 7, 8, and 9), and with 

different organic modifiers (acetonitrile, methanol, THF, etc.). None of the conditions could successfully 

resolve these co-eluting peaks. The isocratic HPLC condition, slightly modified from the one used in the 

water method, was therefore chosen. As a result, the quantitation of diethylenetriamine in soil extract 
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100 

was based on the peak height of the three co-eluting components. One of the three co-eluting components 

was also present in blank CaCI2 solution which resulted in a relatively high intercept for the calibration 

curve. The fluorescent derivative peak (retention time - 5.7 minutes) reached its maximum within 20 

minutes after the mixing with f1uorescamine and was stable for a few hours. This peak could therefore 

be used for quantitation. The decision to use methanol to prepare the f1uorescamine stock solutions was 

made after the observation that the use of acetone resulted in high background fluorescence in soil 

extracts. The use of methanol minimized the background interference, and therefore, maximized the 

sensitivity for diethylenetriamine. 

The soil method was validated by fortification of matrix soil with diethylenetriamine at nominal 

concentrations ranging from 1.0 - 0.24 J-Lgig with a mean recovery of 13.8 ± 1.1 % using external 

calibration standards prepared in pure CaCl2 solution. The mean absolute method recovery, after 

correction for the detector response filctor, was 21 % ± 2%. The limit of quantitation was 0.13 J-Lgig after 

correction for method recovery (13.8 %). Analytical results for the recovery of diethylenetriamine from 
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the matrix soil are presented in Table I. Representative chromatograms of a fortified soil sample and a 

soil control sample are shown in Figures 3 and 4, respectively. A typical linear regression analysis for 

diethylenetriamine standards is presented in Figure 5. These results demonstrated that diethylenetriamine 

was extremely difficult to extract once it was applied to soil. Although the method recovery of 

diethylenetriamine from soil was low (21 %), the precision of the method was very good with a relative 

standard deviation of 8 % for a population of 9 samples. 
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ABSTRACT 

An experimental and statistical approach for validating the TLC assay of a degradation 
product in a pharmaceutical formulation is given. This validation approach is intended to take into 
account the main particular aspects of the technique. 

INTRODUCTION 

We recently proposed a design for validating the assay of an active ingredient in 

a pharmaceutical formulation using spectrophotometry (1) and thin layer chromatography (2). UV 

spectrophotometry served as a basis for comparing various statistical approaches. Quantitative thin 

layer chromatography (TLC) illustrated the case of a complex technique in which the plate and 

mobile phase are renewed after each chromatographic development, the number of samples which 

can be analyzed in a same run is limited . 
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FIGURE 1. Structure of Dic10fenac sodium and compound IV used in the present study. 

The present work concerns the particular aspects of a validation assay for an impurity using 

TLC with a special focus on the detection and quantitation limits (LOD and LOQ). At the LOQ, 

in addition to the accuracy and repeatability tests, a ruggedness test has been carried out to take into 

account the major sources of variations of the technique : the influence of some critical factors of 

the method (plate batch number, mobile phase composition and temperature) on the assay results, 

resolution and Rf values have been investigated. 

The study has been carried out on one of the degradation products (see 

degradation scheme in ref. 2) of diclofenac sodium (0) in a tablet formulation. For the purpose of 

the work, the mobile phase used is such as the degradation product (compound IV, chosen as a 

model compound, Fig. 1) is located in the tailing of the active drug (present in large amount) as this 

illustrates a case which often arises in stability-indicating assays. 

PRELIMINARY EXPERIMENTS 

None of the solvent systems reported in the literature for D (3-6) could achieve a 

simultaneous separation of D and its degradation compounds. Different mobile phases have been 

investigated. The solvent system dichloromethane: methanol (92 : 8, vlv) allows the separation of 

D from IV with respective Rf values of 0.27 and 0.38, whilst compound VI does not migrate and 

other compounds are eluted near the solvent front CRf > 0.83). Fig.2 shows the separation of IV at 

a 0.5 % level (with respect to D). Another solvent system, toluene: ethyl acetate (tOO :3, v/v), 

should be used for the separation of the less polar compounds, which gives Rf values of 0.18 (II), 

0.24 (I), 0.29 (VII), 0.55 (V), 0.60 (III), while D, IV, and VI do not migrate. 
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Methanol was found to be the most suitable solvent both for extraction and on-

plate application. 

Quantitation was carried out at 280 nm, on-plate maximum absorbance 

wavelength of IV. 

EXPERIMENTAL 

Reagents, materials and apparatus. 

All chemicals were of analytical grade. D, decomposition products and Voltarene 

L.P. tablets (containing 100 mg of D) were kindly supplied by Ciba-Geigy laboratories (Basel, 

Switzerland). For the chromatography, silica gel Merck 60 F 254, 20xlO cm HPTLC plates, a 

Camag twin-trough chamber (20 x 20 cm) and a Linomat IV (Muttenz, Switzerland) band applicator 

were used. A Camag TLC Scanner II chromatogram densitometer (Muttenz, Switzerland) with a 

deuterium lamp, connected to a Merck-Hitachi D-2000 integrator (Merck, Darmstadt, Germany) 

was used for densitometric measurements. 

Test procedure submitted to validation. 

-Standard solutions. 

Use a reference batch of D free from compound IV . 

Stock solution of D (2 g I-I) : weigh accurately about 200 mg of D into a 100 ml 

calibrated flask, add about 90 ml of methanol, dissolve by sonication for 10 min, allow to cool and 

add methanol to the mark. 

Stock solution of IV (50 mg I-I) : weigh accurately about 5 mg of IV into a 100 

ml calibrated flask, add about 90 ml of methanol, dissolve by sonication for 10 min, allow to cool 

and add methanol to the mark. 

Working solutions (corresponding to 0.5%, I %, and 1.5% ofiV with respect to 

D) : place 25 ml of stock solution of D and respectively 5, 10, and 15 ml of stock solution of 

compound IV in three calibrated flasks of 50 ml. Make up to the mark with methanol. 

-Test solution 

Place a tablet with about 90 ml of methanol in a 100 ml calibrated flask, sonicate 

for 10 min, allow to cool and add methanol to the mark. Centrifuge at 4000 rev min-I. for 30 min. 

The supernatant is the test solution containing potentially compound IV. 



2498 SUN, FABRE, AND MAll..LOLS 

-Sample application. 

Before use, pre-wash the plates with methanol for 1 h, then dry at 80°C for 30 

min and cool down. Apply in triplicate with the bandwise applicator 5 !'i of each solution as 

bandlengths of 5 mm, at a delivery speed of 0.1 !'i s-l. 

-Chromatography. 

The chromatography should be carried out at about 20° ± 5°C. 

Pre-equilibrate the plate with dichloromethane-methanol (92 : 8, v/v) vapors for 

1 h. Then start the development and allow the eluent to migrate up to a distance of about 60 mm. 

The spots can be visualized under UV light at 254 nm : the respective Rf values are about 0.27 and 

0.38 for D and IV. The resolution R, evaluated by the ratio alb (Fig. 2) should not be lower than 

0.70 at the 0.5% level. 

-Densitometry. 

Perform zero adjustment above the band of the analyte. Scan each track twice at 

280 nm in the reflectance mode, using a 10 nm monochromator bandwith, a 0.4 x 3 mm slit 

dimension and a 0.3 mm s-1 scanning speed. Record the peak height. The repeatability between 

three loadings at 0.5% level should not be higher than 10%. Calculate the percent of compound IV 

in the tablet from the regression equation of the calibration line. 

Test procedure validation. 

Throughout the validation procedure, tablets were spiked using compound IV in 

methanolic solution. Unless otherwise stated, triplicate applications of a 5 1'1 volume of solution 

were performed as indicated in the routine test procedure. 

-On-plate stability of the compound 

A standard solution containing 0.5% of IV (with respect to D) was applied on 

the plate; after 1 h the same solution was applied on the same plate and the plate was immediately 

developed. The response factors were compared. 

-Stability of the solutions 

A standard solution (0.5% of IV) aged for 24 h at ambient temperature was 

applied on the plate. Its response factor was compared to that of a freshly prepared standard 

solution. 

-Specificity. 

The specificity of the technique for the determination of IV was tested by 
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FIGURE 2. Chromatogram showing the limit of quantitation for compound IV (0.5% with respect 
to D). 

applying the degradation compounds as indicated in the paragraph preliminary experiments. The 

non-interference of the formulation ingredients was assessed on an analytical placebo and a placebo 

stressed at 60 c C for 7 h. 

-Linearity and aCcuracy 

. Standard solutions. 

The linearity of the response of the standard solutions was tested with five 

solutions containing 0.5%, 0.75%, 1 %, 1.25%, and 1.5% of compound IV with respect to D (1 g 

1-1) applied on the same plate. 

Test solutions. 
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The linearity and accuracy of the test procedure were tested by spiking five 

tablets with compound IV (0.5%, 0.75%, 1 %, 1.25%, and 1.5% with respect to D). The recovery 

was calculated by reference to the graph obtained from five standard solutions of the same 

concentrations, applied on the same plate. A single application of each test and standard solution 

was carried out on each of three plates issued from a same batch. 

-Limit of detection. 

The LOD was evaluated from a standard solution and subsequently conflrrned on 

a tablet spiked at the same concentration (0.15% of IV) on plates from different batches and at 

either ends of the plates. 

-Limit of quantitation. 

The repeatability and accuracy of the test procedure at the LOQ were tested on 

six tablets spiked with 0.5% of IV (with respect to D). The recoveries were calculated from two 

series of standard solutions containing 0.5%, 0.75%, and 1 % of IV (with respect to D). A single 

application of each solution was carried out on each of three plates issued from a same batch. 

-Repeatability of the chrornatogr;mhic system. 

The repeatability of the chromatographic system was assessed by applying onto 

a same plate seven replicates of each of two standard solutions (0.5% and 1.5%). 

-Ruggedness. 

The ruggedness of the method was tested at the LOQ on a test solution prepared 

from a spiked tablet (0.5 %); the recoveries were calculated by reference to a series of standard 

solutions (0.5%, 0.75%, and 1.0%). A Plackett and Burman experimental design was used (7). 

Each of the critical factors chosen (plate batch, mobile phase composition and developing 

temperature) was tested at three levels. The factor levels were as follows : three batch numbers; 

ratio dichloromethane : methanol (93 : 7, 92 : 8, or 91 : 9, v/v); temperature (15 D C, 20°C, or 

30 DC). For the convenience of manipulation, the test was carried out in two blocks (higher + and 

basic 0 levels; lower - and basic 0 levels), each comprising four experiments. 

RESULTS AND DISCUSSION 

-On-plate stability. 

It has been shown that some compounds are easily oxidized on the plate, the 

oxidation being catalyzed by the presence of metal ions in the silica coating, the acidity of the 
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silica, or the solvent system used (8). Therefore, the first test carried out was the assessment of on

plate stability of both the impurity and the active principle (present in large amount). The test was 

performed at the LOQ. No artefact was observed and no difference was found (p = 0.05) within 

the detection limits of the method, in the response factors for a solution applied at 1 hour interval. 

This delay allows to cover the time for band application. The on-plate stability of compound IV 

after development was also tested : no significant difference in the response was found between two 

scannings carried out at 90 min interval; this is sufficient to cover the measurement time. A two

dimensional chromatography was not carried out in this study because no degradation was noted 

during the chromatographic process; it should be performed if a degradation occurs during the 

chromatographic development. 

-Solution stability. 

The stability of the solutions containing 0.5% of IV was tested: no difference 

in the response factors was found (p = 0.05) between a solution aged for 24 h and a freshly 

prepared one. The solutions can be used within this delay without the results being affected. 

-Specificity 

Under the conditions used, compound IV was well separated from the other 

degradation compounds and partially resolved from D. No interference of the formulation 

ingredients was observed. 

-Linearity and accuracy. 

Linearity of the calibration curve. 

The test procedure uses standard solutions containing increasing amounts of IV 

in the presence of D (100% of the theoretical content) to imitate tablet solutions. The addition of 

the parent compound is particularly recommended when the impurity is located in the tailing of the 

parent compound as it allows the on-plate separation to be checked and a similar mode of 

measurement to be performed for standard and test solutions. In addition, it takes into account a 

possible change in the Rf values of the degradation product at trace levels in the presence of a large 

amount of the active drug. The linearity should be assessed from the LOQ to 150% of the tolerated 

limit (taken as 1 % with respect to D for the purpose of the work). 

The linearity of the calibration curve (peak height vs applied amount of IV) was 

first examined by a graphic plot : a straight line not passing through the origin was obtained 

(Fig.3). 
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FIGURE 3. Calibration line for compound IV. 

The regression line, calculated from the least-squares method was : 

Peak height (PV) = (159.503 ± 6.070) applied amount (ng) + (698.933 ± 

328.361), with the confidence intervals calculated at p = 0.05. 

The correlation coefficient was 0.998. The linearity of the regression was 

assessed by ANOVA with Fcal of regression = 3221 (p < 0.01) and Fcal of non-linearity = 2.36 

(p > 0.05). 

Due to the fact that the regression line did not pass through the origin and that 

the analyte was not at a target concentration, a multi-level calibration was needed on each plate. For 

routine analysis, a graph constructed with three concentration levels was found to be sufficient. 

Linearity and accuracy of the test procedure. 

It should be noted that throughout this study, tablets were spiked with compound 

IV in solution. This can be accepted (9) when the analyte is not available in sufficient amount (in 

solid form) to prepare homogeneous samples simulating degraded tablets. In addition, it was 

assumed that by using a simple extraction procedure in a non-complex matrix together with a 

solvent having a high solubility vs the compound of interest, the major source of variations could 

be ascribed to the technique itself (sample application, plate-to-plate variations, development and 

densitometric evaluation). The proposed experimental approach is intended to take into account 

these variations by performing a single application of each solution on each of three plates, which 
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TABLE 1. Linearity and accuracy of the test procedure. 

Amount added Amount found Recovery Bias 
(ng) (ng) (%) (%) 

24.69 96.82 -3.18 
25.50 23.99 94.08 -5.92 

26.7S 104.90 4.90 

36.63 95.76 -4.24 
38.25 35.78 93.54 -6.46 

37.9S 99.22 -0.78 

SI.90 101. 76 1.76 
Sl.OO 49.21 96.49 -3.S1 

49.66 97.37 -2.63 

67.19 lOS. 40 S.4O 
63.7S 62.17 97.52 -2.48 

62.60 98.20 -1.80 

79.13 103.43 3.43 
76.50 71.60 93.59 -{l.41 

78.29 102.34 2.34 

allows the chromatographic system reproducibility to be evaluated. The results are given in 

TABLE 1. 

The maximum experimental bias on each point was lower than 7%; a bias of ± 

10% can be largely accepted for an impurity at these levels. 

Linearity and accuracy were assessed by plotting the graph of amount found vs 

amount applied resulting from the three experiments. As a Barlett test showed that the recovery 

dispersions were not significantly different, one-way ANOY A was carried out on the recovery data. 

No significant difference between the plates (p = O.OS) was found and the graph was constructed 

using for each added amounts X the data from the three plates Y. The linear regression equation 

obtained was : 

Amount found = (1.016 ± 0.068) amount added - (1.335 ± 3.709) with 

confidence intervals calculated at p = 0.05. The correlation coefficient was 0.994. The linearity 

was assessed by ANOYA with Fcal of regression = 837 (p < 0.01 ) and Feal of non-linearity = 

0.02 (p > O.OS). The t-tests showed that the slope of the line was not significantly different from 

unity (teal = 0.SI7) and that the line passed through the origin (teal = 0.777) corresponding to p 

> O.OS. The procedure could be considered as accurate and linear within the range investigated. 
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From the three experiments, an estimation of the overall repeatability (RSD = 

15) and inter-plate reproducibility of recoveries (RSD = 4.32 %, n = 15) was 

-Repeatability. 

The chromatographic system repeatability was 2.57% and 1.88% (n = 7 

loadings) at respective levels of 0.5 and 1.5% of compound IV. The scanning repeatability was 

found to be 0.16% (n = 7 scans). 

-Limit of detection. 

The LOD is usually defined as the amount of substance which gives a signal-to

noise ratio of 2 or 3. In the case of an analyte eluted in the tailing of a parent compound, the 

background due to this latter is the limiting factor together with the noise and the amount which 

gives visually a shoulder can be considered as the LOD. The LOD was estimated to be 7.5 ng of IV 

in the presence of 5 JLg of D, which corresponds to 0.15% of IV with respect to D (Fig.4). This 

evaluation was confirmed with tablets spiked at this level, on different plates and at either ends of 

the plates. Increasing the applied volume of solution (from 5 to 8 JLI) did not give a noticeable 

change of the LOD due to a correlated loss of resolution by spot diffusion. 

-Limit of quantitation. 

The LOQ was estimated by the amount of compound which gave a signal equal 

to about 3 times that of the LOD (about 0.5%). This limit was subsequently validated (repeatability 

and accuracy) by the analysis of six extracts from tablets spiked with compound IV at this level on 

each of three plates (Fig.2). The recoveries are given in TABLE 2. 

As the Bartlett test was not significant (X2 = 0.37), one-way ANOVA was carried 

out which showed no significant effect of the plates on the results. The total mean recovery from 

the three plates was (98.98 ± 2.48)% with confidence limits on the RSD between 3.77% and 

7.54%. The maximum experimental bias was 9.02%, which is largely tolerated at the LOQ. 

Although triplicate loadings are indicated in the test procedure for an accurate determination, the 

present data show that a single application of the solutions could comply with the assay 

requirements for a degradation product. 

-Ruigedness. 

In the United States Pharmacopeia (10), ruggedness is very similar to 

reproducibility. The ruggedness can be evaluated by studying the influence of critical factors of the 



DEGRADATION PRODUCT IN A PHARMACEUTICAL FORMULATION 2505 

D 

IV 

0.1 0.3 0.5 

Rf units 

FIGURE 4. Chromatogram showing the limit of detection for compound IV (7.5 ng) in the presence 
ofD (5/log). 

procedure successively or in combination through an experimental design (7). In the present study, 

selected factors were those which could be critical for separation, identification and quantitation : 

plate batch number, eluent composition and temperature. For quantitative factors, the variations 

used were in the range of order of those which could be found between laboratories. The influence 

of the different factors was tested at the LOQ on the assay, resolution (R) and Rf value, which are 

of major interest for identification and quantitative analysis. The results are given in TABLE 3. 

A factor was considered as significant when the difference I D I between the 

average of results at extreme and nominal levels was larger than --12 times the SD at the nominal 

level (7, 11). Two-way ANOVA on reproducibility data for the procedure gave a SD of 5.69 and 
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TABLE 2. Repeatability and accuracy of the procedure at the limit of quantitation. 

Plate I Plate 2 Plate 3 

94.24% 97.25% 95.25% 
96.08% 96.35% 109.02% 
105.14% 99.10% 93.41 % 
98.78% 104.55% 98.00% 
94.24% 108.20% 95.25% 
100.59% 96.35% 99.84% 

mi 98.18% 100.30% 98.46% 

sd 4.24% 4.95% 5.65% 

m 98.98% 

SOr 4.98% 

SOR 4.98% 

SOr : SO of overall repeatability 
SOR : SO of inter-plate reproducibility 

0.07 for assay and R respectively. Moreover, the SO between the Rf values of three plates was 

0.01. 

From TABLE 3, it can be seen that the plate batch number is only significant on 

the Rf (at a minor extent) and that a change in the mobile phase composition or temperature 

influence both resolution and Rf. However none of these factors has a significant effect on the assay 

results. 

-Sensitivity. 

It is commonly expressed as the slope of the calibration line but can also be 

assimilated to the resolution power of the method, i.e. the minimum variation of concentration or 

amount which gives a significant variation of the response with « and 6 risks (9) : 

Sensitivity = (t (1-«/2) + t(1-6)) s ..[2/b, where b is the slope of the calibration 

line, s the standard deviation of repeatability and t the Student t-value. The sensitivity was found to 

be 7.25 ng at LOQ and 6.13 ng on the whole range of linearity (<< = 6 = 0.05). These results are 

very close to the limit of detection. 
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TABLE 3. Results of the ruggedness test. 

NOMINAL LEVEL(O) AND LOWER LEVEL(-) 

Exp. Factors Results 

a b c Assay R Rf 

1 0 0 0 93.73% 0.96 0.38 
2 0 92.80% 0.82 0.46 
3 0 94.13% 0.98 0.36 
4 0 94.07% 1.00 0.32 

Differences due to each factor for the respective results (%, R, Rf) : 

Da = [(Yl + Y3)-(Y2 + Y4)] /2 = 0.50,0.06,--0.02 
Db = [(Yl +Y2)-(Y3 +Y4)] /2 = --0.84,--0.10, 0.08 
Dc = [(Yl + Y4)-(Y2 + Y3)] /2 = 0.44,0.08,--0.06 

NOMINAL LEVEL(O) AND UPPER LEVEL( +) 

Exp. Factors Results 

a b c Assay R 

1 0 0 0 104.43% 0.98 
2 + 0 + 97.14% 0.76 
3 0 + + 94.85% 0.62 
4 + + 0 101.53% 0.82 

Da = [(YI +Y3)-(Y2 +Y4)] / 2 = 0.31,0.01,--0.02 
Db = [(Yl + Y2)-(Y3 + Y4)] /2 = 2.60,0.15,--0.05 
Dc = [(Yl +Y4)-(Y2 +Y3)] /2 = 6.99, 0.21, 0.03 

CONCLUSION 

Rf 

0.40 
0.39 
0.42 
0.47 

2507 

YI 
Y2 
Y3 
Y4 

YI 
Y2 
Y3 
Y4 

This paper was not intended to cover all the aspects of TLC validation for a 

degradation product but to point out some particular aspects related to the determination at trace 

levels. Particular attention has been paid to some critical factors which may affect the results : 

within-batch and inter-batch plate variations, modification of the mobile phase composition and 

temperature. Other factors could be also relevant to study (applied volume, saturation time of the 

chamber, etc.). It should be noted that the proposed design is complicated by the fact that a multi-
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level calibration is needed since the calibration graph does not go through the origin and the level 

of analyte is not assumed to be known. 

TLC is mainly used in pharmaceutical industry as a qualitative or semi

quantitative method. However, this study shows that it gives reliable results for analytes at low 

levels and may be a useful alternative to HPLC (12), in particular when a small number of samples 

has to be anal yzed. 
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BY ION CHROMATOGRAPHY WITH INDIRECT 
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ABSTRACT 

An ion chromatographic method which utilizes lithium trimesate to separate 
three diphosphonate drugs and two process related organophosphonates is 
described. The lack of a chromophore on the five species and the high 
absorptivity of the trimesate anion at 254 nm allows for facile detection using 
indirect photometry. The effects of mobile phase concentration on the capacity 
factor of the species were investigated and a logarithmic relationship was 
established which was found to be dependent on the charge of the analyte anion 
and the mobile phase anion. 

INTRODUCTION 

A number of diphosphonates have found applications in the pharmaceutical 

industry for treatment of abnormal calcium metabolism such as osteoporosis, 

* Author to whom correspondence should be addressed. 
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ectopic calcification, and various bone diseases. Diphosphonates are known to 

bind strongly to calcium hydroxyapatite, the major constituent of the mammalian 

skeleton, through chelation of calcium. This chelation inhibits bone resorption, as 

found with osteoporosis or various bone diseases (1), or at higher levels inhibits 

crystal growth through the prevention of further addition of calcium, 

orthophosphate, or hydroxide into the crystal lattice, leading to calcification in 

joints, arteries and various organs (2,3). Endogenous inorganic pyrophosphate 

performs such a role in mammals but tends to be hydrolysed quickly in the body 

(4). 

Etidronate, pamidronate, and clodronate are some of the diphosphonates 

which are currently marketed. Their development was based on the observation 

that diphosphonates are more effective due to their increased stability towards 

hydrolysis in the body as compared to endogenous pyrophosphate (1-5). This 

extra stability is due to the presence of P-C-P bonds in these drugs as opposed to 

P-O-P bonds found in endogenous pyrophosphate. Alendronate, an amino 

diphosphonate (Fig. 1), is a new member of the class of diphosphonates which is 

specifically targeted for inhibition of bone resorption. 

Routine chromatographic analysis of diphosphonates is complicated due 

to their high ionic character and general lack of a strong UV chromophore. 

Current methods of analysis include derivatization prior to chromatographic 

separation (6-9), post column reaction (10-13), ion conductivity detection (14), 

flame photometric detection (15), or inductively coupled plasma detection (16). 

Previous chromatographic analysis for alendronate (9) consisted of pre

column derivatization of the amine group with 9-fluorenylmethyl chloroform ate 

(FMOC-CI) at pH 9 followed by elution from a polymeric phase (Hamilton PRP-

1). FMOC-CI reacts rapidly with primary and secondary amines to produce very 

stable derivatives. This derivatization is routinely used for reverse phase 
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Fig. 1: Structures of the organophosphonates. 1 - Alendronate; 2 - Clodronate; 3 -
Alendronate Dimer; 4 - Etidronate; 5 - 2-Phosphonopyrrolidine 

chromatography of amino acids (17,18). The added FMOC group allows for 

better retention in the reverse phase mode and provides a strong chromophore 

suitable for UV or fluorescence detection. 

There are two major disadvantages associated with the use of FMOC 

derivatization however. First considerable time and effort are devoted to sample 

preparation. Secondly, FMOC derivatization would be specific only for species 

which contain a primary or secondary amine group available for derivatization. 

The synthesis of alendronate (19) generates ionic by-products such as alendronate 

dimer, 2-phosphonopyrrolidine, chloride, phosphite, and methanesulfonate and 

could potentially generate de-aminated phosphonates as well. Some of these by

products would not be detected by the FMOC derivatization method. 
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In response to the above-mentioned disadvantages to the FMOC-HPLC 

method an ion chromatography method was developed. The use of ion 

chromatography with indirect photometric detection allows for separation and 

detection of diphosphonates with standard HPLC pumps and UV detectors and 

requires minimal sample preparation. 

Indirect photometric detection (IPD) was introduced by Schill in 1981 (20) 

and has subsequently found wide application (21-29). It requires a mobile phase 

species which absorbs highly at a wavelength that the analyte does not. If the 

mobile phase species has equilibrated with the stationary phase, the detector senses 

a strong steady absorbance. When a non-absorbing analyte is injected onto an ion 

exchange stationary phase, it displaces mobile phase ions from charged sites on 

the stationary phase resulting in a localized zone of higher mobile phase ion 

concentration. This zone is manifested in the detector as a region of higher 

absorbance and produces a positive system peak. When the analyte ion is 

eventually eluted from the stationary phase, its transparency results in a localized 

region of lower absorbance and is manifested in the detector as a negative analyte 

peak. 

Salts of carboxylic acids such as phthalic acid, citric acid and succinic acid 

tend to be good displacing anions for anion exchange chromatography and have 

been widely utilized. Salts of aromatic carboxylic acids such as phthalic acid, 

benzoic acid, trimesic acid, and p-hydroxybenzoic acid are suitable for ion 

chromatography with IPD because of their displacing strengths and their ability to 

strongly absorb light due to the presence of the aromatic ring. Lithium trimesate 

was chosen as the mobile phase for this particular separation. 

An assay for etidronate using nitric acid as an additive in the mobile phase 

and IPD has been previously reported (30). The method does not, however, 

address the issue of impurities in the bulk drug. The method reported here, using 
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trimesate ion, can be used as an impurity profile as well as an assay. As a strong 

displacing agent, trimesate elutes both low-charged weakly retained analytes and 

high-charged strongly retained analytes without having to resort to a gradient 

method. Separation was achieved for three diphosphonate drugs (alendronate, 

etidronate, and clodronate) and two organophosphonates (2-phosphonopyrrolidine 

and alendronate dimer) which are by-products of the synthesis of alendronate 

(structures are given in Fig. 1). The analytes were detected by IPD. The retention 

characteristics of the organophosphonates were investigated as a function of eluent 

ion concentration, pH, and hydrophobicity. Results were found to closely match 

theoretical considerations. 

EXPERIMENTAL 

Chromatographic Equipment 

The HPLC Equipment consisted of a Spectra Physics SP8800 ternary 

pump, a Spectra Physics SP8775 autosampler ( Spectraphysics, Piscataway, New 

Jersey) and a Kratos Spectroflow 757 absorbance detector (ABI Analytical, Foster 

City, California). The chromatograms were processed using PE Nelson Access 

Chrom version l.7 software (PE Nelson, Cupertino, California). The column used 

was a Hamilton PRP-X100, 250 x 4.1 mm (Hamilton Co., Reno, Nevada) which 

consists of 10 ~ spherical particles of poly(styrene-divinylbenzene) 

trimethylammonium base ion exchanger. This column is a low capacity (0.2 

meq/g) ion exchanger. 

Chromatographic Conditions 

The mobile phase was trimesic acid (l,3,5-benzenetricarboxylic acid, 

Sigma, St Louis, Missouri) in water. Adjustments of pH were made with lithium 
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hydroxide (Baker analyzed, J.T. Baker, Philipsburg, NJ). Samples were prepared 

by dissolution in deionized water and were introduced into the chromatographic 

system through a 10 IlL loop. 

The column was equilibrated with the mobile phase until a steady baseline 

was obtained. The detector was zeroed at a higher wavelength than that used for 

detection such that the baseline absorbance at the detection wavelength is around 

0.5 absorbance units. All chromatographs were performed at ambient conditions 

with a flow rate of 1.0 mUmin unless otherwise stated. Capacity factors were 

determined as defined by: 

k' = (1:,. - 1:0)/1:0 

where 1:,. is the retention time of the analyte peak and 1:0 is the first perturbation in 

the baseline after injection of water. 

pK. Determinations 

The pK,.'s of alendronate dimer and 2-phosphonopyrrolidine were 

determined through potentiometric titrations using a Metrohm 665 dosimat and a 

670 titroprocessor (Brinkmann, Westbury NY). 

RESULTS AND DISCUSSION 

SYstem Optimization 

The high ionic character of the diphosphonates render them incapable of 

being retained strongly on a reversed phase column without some form of 

derivatization. Adjustment of pH in order to protonate the phosphonate groups 

generally require pH conditions of less than 2 which is usually unacceptable for 
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these columns. They can be retained on silica based mixed mode columns but 

with very poor efficiency which is manifested in the form of very broad peaks. 

Polymer based anion-exchange columns provide mixed mode interactions without 

the tailing observed with silica based mixed mode columns. There are two types 

of sites available on polymer based anion exchange columns - hydrophobic and 

ion exchange sites. Separation is affected by ion exchange and by interaction of 

the organic analyte ion with the non-polar polymeric backbone provided the 

analyte ion possesses a hydrophobic moiety (31,32). 

When using IPD, both the retention and the detection capabilities are 

dependent upon the nature of the mobile phase anion. Sensitivity is dependent 

upon the concentration of the highly absorbing mobile phase anion (28,33). The 

noise is directly proportional to the absorbance of the mobile phase anion and the 

absorbance increases with increasing mobile phase anion concentration. The 

signal is proportional to the concentration of the analyte anion and the difference 

in absorptivity between the analyte and the mobile phase anions. The signal to 

noise ratio is therefore inversely proportional to the concentration of the mobile 

phase anion. Specifically, sensitivity increases with decreasing concentration of 

the mobile phase anion. It is advantageous therefore to have a relatively strong 

displacing anion in the mobile phase so that one can obtain short elution times at 

lower concentrations while maximizing sensitivity for the analyte ions. 

The optimal wavelength for detection is determined by two factors. First, 

it is best to choose a wavelength where the difference in the molar absorptivity of 

the mobile phase and the analyte anions is at its greatest (ideally at a maximum 

for the mobile phase anion and a minimum for the analyte anion). Secondly, the 

absorbance at this wavelength should not be too high as to saturate the detector. 

Preliminary experiments using sulfobenzoic acid and p-hydroxybenzoic 

acid, which are strong displacing agents with strong chromophores, exhibited poor 
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selectivity for the separation of the organophosphonates. Trimesate ion, which is 

also a strong displacing agent with a strong chromophore, was chosen because it 

exhibited better selectivity. 

The retention times of the five organophosphonates were monitored as a 

function of pH and trimesate concentration. The optimum mobile phase conditions 

were found to be 1 mM trimesic acid adjusted to pH 5.5 (Fig. 2). The samples 

were chromatographed under ambient conditions with a flow rate of I mUmin . 

There is minimal difference in the efficiency of the analyte peaks for flow rates 

varying from 0.25 to 1 mUmin. Detection was at 254 nm. Under these 

conditions, the method also resolves chloride, phosphite and methanesulfonate 

(bypro ducts from the synthesis of alendronate sodium) along with the five 

organophosphonates being studied (Fig. 3). The method also resolves unidentified 

thermal degradates from alendronate (Fig. 4). 

Under the above conditions a linear detector response was observed from 

0.1 mg/mL to 2 mg/mL of the five organophosphonates (correlation coefficients 

500000 
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Fig. 2: Separation of the organophosphonates. Chromatographic conditions are 1 
mM trimesic acid adjusted to pH 5.5 with detection at 254 nm. 1 - 2-
phosphonopyrrolidine; 2 - alendronate; 3 - alendronate dimer; 4 - etidronate; 5 -
clodronate. 
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Fig. 3: Separation of the organophosphonates and process related components 
from the synthesis of alendronate. Chromatographic conditions are lmM trimesic 
acid adjusted to pH 5.5 with detection at 254 nm. 1 - 2-phosphonopyrrolidine; 2 -
alendronate; 3 - phosphite; 4 - chloride; 5 - methanesulfonate; 6 - alendronate 

dimer; 7 - etidronate; 8 - clodronate. 
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Fig. 4: Separation of alendronate from its thermal degradates. Chromatographic 
conditions are 1 mM trimesic acid adjusted to pH 5.5 with detection at 254 nm. 
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were all greater than 0.9997) and the limits of detection ranged from 50 ng for 2-

phosphonopyrrolidine to 250 ng for alendronate dimer. The detection limits of 

the organophosphonates are an order of magnitude greater than that of species 

possessing small ionic masses such as Cl- (20 ng) and this is a reflection of their 

larger ionic masses. If the analyte and displacing ion are of the same charge, each 

analyte ion replaces one ion of the mobile phase ion in the localized zone (in 

order to preserve electroneutrality). Consequently, the response on a molar ionic 

basis should be the same for any analyte irrespective of any other properties of the 

analyte and the detection limit, on a mass basis, will be lower for analytes of small 

ionic mass. 

Effect of Mobile Phase Anion Concentration on the Retmtion of the Analytes 

The interaction between the mobile phase displacing anion and the analyte 

anion and their distribution between the stationary phase and the mobile phase can 

be described by: 

where 

y 

x 

M 

S 

A 

xA .. Y M ------------ K 1 { 1 } 

charge on the analyte anion 

charge on the mobile phase anion 

mobile phase anion 

stationary phase cation 

analyte anion 

Small and Miller (22) has previously derived the relation between the capacity 

factor and the mobile phase anion concentration at constant pH which is expressed 

as: 

{2}. 



SEPARATION OF ORGANOPHOSPHONAlES 2521 

Assuming that the stationary phase is saturated with respect to the mobile phase 

anion, its concentration can be assumed to be constant and: 

B/[M]y'" {3} 

and 

log k' -(y/x)log[M] + log C {4} 

where B and C are constants. Thus a logarithmic plot of capacity factor versus 

mobile phase ion concentration should give a straight line with a slope that is the 

ratio of the charges on the analyte and the mobile phase ion. This equation 

applies to a number of species eluted by various mono- and multivalent mobile 

phase ions (22,28,34). 

The capacity factors of the five organophosphonates along with chloride 

ion were measured as a function of trimesate ion concentration at a constant pH 

of 5.0. At this pH the organophosphonates are each present as predominantly one 

solute species (Table l). The logarithmic plot of capacity factor versus trimesate 

ion concentration proved to be linear for all six species (Fig. 5). 

A slope of -0.5 was observed for chloride. Since chloride possesses a 

charge of negative one, the slope indicated (from Equation 4) that the displacing 

ion was the double charged trimesate species rather than the triple charged species 

at this pH. However, the pKa's for trimesic acid (Table 1) indicates that, at pH 

5, the triple charged species should be the dominant trimesate species. One would 

thus anticipate that the triple charged species would be the displacing ion. The 

observed behavior can be explained by elaborating on Equation 4. Assuming the 

presence of a protonated species HM in the system, its interaction with the analyte 

can be expressed similarly to Equation 1: 

ySx_lHM + (x-l)A .. (x-I)SyA + yHM ------------ K2 {5} 
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TABLE 1 

Acid Dissociation Constants 

pKI pK2 pK3 
-------------------------------------------

Trimesic Acid (36) 3.10 3.90 
Alendronate (37) <2 6.2 
Alendronate Dimer <3 4.1 
2-Phosphonopyrrolidine <3 5.6 
Etidronate (38) <2 2.5 
Clodronate (38) <2 2.3 

-0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 

Log [Trimesate] 

4.70 
9.9 
>9 

6.89 
5.82 

Fig. 5: Plot of log capacity factor vs log trimesate (mmolar) concentration at pH 

5.0. ~ - clodronate; 0 - etidronate; 0 - alendronate dimer; ... - chloride; • -
alendronate; • - 2-phosphonopyrrolidine. 
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In addition the interaction between the two anions, M and HM, in the mobile 

phase and in the stationary phase can be expressed as: 

x-lSxM + xH+ + M .. xSx_lHM ---------------- K3 {6} 

and 

H+ + M .. HM ---------------- K4 {7} 

Equation 7 indicates that at a fixed pH, the ratio of M to HM remains 

constant and is independent of total mobile phase anion (MT)- However such a 

linear relationship does not exist between SxM and Sx_1»M- It is evident that even 

at constant pH, the relative amounts of SxM and Sx_lHM will vary in a non-linear 

fashion relative to the concentration of MT-

Equations 1 and 5 can be combined such that: 

K5 = Kl * K2 

and 

(D [SxM] [Sx_IHM]I[M] [HM])YI(2x-l) {9} 

Where D is a constant_ If the stationary phase is saturated with respect to SxM 

only, then SxHM and HM can be expressed in terms of SxM and M by using 

Equation 3 and 4 which leads to: 

k' <X ([SxM]/[M])YIx { 1O} 

Since the stationary phase is saturated with respect to SxM, its concentration can 

be considered constant and thus: 
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log k' -y/xlog[M] + E {11 }. 

Similarly, if the stationary phase is saturated with respect to SxHM only, it can be 

shown that 

k' ex ([Sx'lHM]/[HM])yl(X.l) {I2} 

and 

log k' -y/(x-I)log[HM] + F {13 } 

where E and F are constants. If the stationary phase is saturated with respect to 

both SxM and SX'lHM, then: 

log k' 2y/(2x-l)log[M] + G {14} 

where G is a constant. 

The slope observed for 2-phosphonopyrrolidine was -0.54 and for 

etidronate, clodronate and alendronate dimer -0.83, -0.93 and -0.95. Taking into 

account the pKa's of these species, the observed slopes are more in line with the 

theory that the doubly charged trimesate species is the species which is being 

exchanged with the analyte ion on the stationary phase. The only deviation was 

noted for alendronate which possessed a slope of -0.70 despite the fact that it 

would be predominantly singly charged at this pH. 

Further evidence is provided by the data generated by Motimizu et al (28) 

using trimesate ion as the displacing ion. They observed that, using a Ie-Anion 

PW column, slopes of -0.40, -0.39, and -0.73 were obtained for chloride, nitrate, 

and sulfate ion respectively. Similarly, using a Ie Anion SW column, slopes of -

0.46, -0.42, and -0.75 were obtained for chloride, nitrate, and sulfate ion 

respectively. These results are more compatible with the assumption that the 
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stationary phase is saturated with both negative two and three charged trimesate 

species than the assumption they made (saturation with respect to only a negative 

three charged trimesate ion). Saturation with respect to only the negative three 

charged trimesate ion would have given slopes of -0.33 for chloride and nitrate 

and a slope of -0.67 for sulfate. Saturation with respect to both the negative two 

and three charged trimesate would give slopes of -0.4 for chloride and nitrate and 

-0.8 for sulfate. No pH data was presented for their work, but their experimental 

section does indicate that they used just enough base to neutralize the trimesic acid 

which would place their pH range from 5 to 7. The authors also performed 

studies with many other carboxylate ion additives in the mobile phase and found 

similar results. 

The dependence of the capacity factor on the mobile phase concentration 

was then investigated at a higher pH (6.0). The analytes used were chloride, 

alendronate dimer and etidronate as they would be present as predominantly one 

species at this pH. The slopes were found to be similar to those observed at pH 

5.0 (Table 2). 

Logarithmic plots of capacity factor versus displacing ion concentration 

can be applied to facilitate method development for the separation of ionic species. 

The retention time of the ionic species for which separation is desired can be 

monitored at two different concentrations and their retention times can be 

predicted from the line which joins the two points. The approximate region where 

separation is optimized (the concentration at which the species do not co-elute 

and are at maximal separation) can then be determined. 

Effect of VH on the Retention of the Analytes 

The dependence of the capacity factor of the organophosphonates on the 

pH of the mobile phase at constant mobile phase anion concentration was 
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TABLE 2 

Slopes For log Trimesate Concentration vs log Capacity Factor 

pH 5.0 pH 6.0 
Chloride -0.50 -0.50 
2-Phosphonopyrrolidine -0.54 
Alendronate -0.70 
Alendronate dimer -0.95 -0.96 
Etidronate -0.83 -0.91 
Clodronate -0.93 

investigated. The capacity factor was monitored while varying the pH from 3.3 

to 10 (Fig. 6). The capacity factor initially decreased with increasing pH 

indicating that deprotonation of the trimesic acid led to stronger displacing 

capability due to higher ionic strengths. A minima was observed at pH 4.5 after 

which the capacity factors again increased. This minima lends credence to the 

theory that the double charged species is the displacing agent since it occurs in the 

region where the double charged species is at its maximum concentration. The 

increase in the capacity factor can also be attributed to the deprotonation of the 

analyte ions which would cause them to become more tightly bound to the 

stationary phase. However such a correlation requires that the area where a 

minimum occurs should vary with the analyte and should also appear at a higher 

pH than 4.5. This factor thus appears to be minimal. 

Effect of Organic Modifier on the Retention of the Analvtes 

Since the stationary phase is polymer, there are two possible types of 

interactions - ion exchange and adsorption. If adsorption plays a major role in the 

interaction with analyte ions, the addition of an organic modifier would affect the 

separation. Specifically the retention time of an analyte ion should decrease if 
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Fig. 6: Influence of pH on capacity factor. D - clodronate; 0 - etidronate; ... -
alendronate dimer; • - alendronate; • - 2-phosphonopyrrolidine. 

there was some type of adsorption interaction in effect. The retention time of an 

analyte ion could also increase if its retention is due primarily to ion exchange. 

As the mobile phase becomes more nonpolar the ion exchange sites would become 

more polar relative to the mobile phase increasing its attraction for species with 

little or no hydrophobic character and thus increasing their retention (35). It was 

indeed observed that chloride, which would have no hydrophobic interaction with 

the stationary phase, is increasingly retained with increasing percentage of 

acetonitrile in the mobile phase. The addition of 10% acetonitrile to the mobile 

phase decreased the retention of 2-phosphonopyrrolidine and alendronate and 

increased the retention of alendronate dimer and etidronate affecting a separation 

of the previously co-eluting alendronate and alendronate dimer (Figure 7). 

Increased amounts of acetonitrile up to 40% results in increased retention for 2-

phosphonopyrrolidine, alendronate, alendronate dimer, and etidronate. 
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Fig. 7: Influence of organic modifier on retention of analytes. 1 mM trimesic acid 
adjusted to pH 6.5. 1 - 2-phosphonopyrrolidine; 2 - alendronate; 3 - alendronate 
dimer; 4 - etidronate. A: No organic modifier. B: Addition of 10% acetonitrile. 

CONCLUSION 

An ion chromatographic method has been developed for the separation of 

organophosphonates. This method utilizes trimesate ion as the displacing ion with 

indirect UV detection. It is suitable for the separation and detection of organic 

species which possess high ionic character and which do not possess an 

appreciable chromophore. It has also been demonstrated that a linear relationship 

exists between the log capacity factor of the analyte species and the log 

concentration of the displacing ion. This relationship is dependent on the charge 

on the analyte anion and the displacing anion and can be utilized to facilitate 

method development for the optimum separation of ionic species. 
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FEBRUARY 26 - MARCH 1: PittCon'96: Pittsburgh Conference on Analytical 
Chemistry & Applied Spectroscopy, Chicago, Illinois. Contact: Pittsburgh 
Conference, Suite 332, 300 Penn Center Blvd., Pittsburgh, PA 15235-9962, 
USA. 

MARCH 24 - 29: 211th ACS National Meeting, New Orleans, LA. Contact: 
ACS Meetings, ACS, 1155 16th Street, NW, Washington, DC 20036-4899, USA. 

JUNE 16 - 21: "HPLC '96: Twentieth International Symposium on High 
Performance Liquid Chromatography," San Francisco Marriott Hotel, San 
Francisco, California. Contact: Mrs. Janet Cunningham, Barr Enterprises, P. O. 
Box 279, Walkersville, MD 21793, USA. 

AUGUST 18 - 23: 212th ACS National Meeting, Boston, Mass. Contact: ACS 
Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, USA. 

OCTOBER 16 - 19: 52nd Southwest Regional ACS Meeting, Houston, Texas. 
Contact: J. W. Hightower, Dept. Chem. Eng., Rice University, Houston, TX 
77251, USA. 

OCTOBER 24 - 26: 52nd Southwestern Regional Meeting, ACS, Houston, 
Texas. Contact: J. W. Hightower, Chem Eng Dept, Rice Univ, Houston, TX 
77251, USA. 



2538 LIQUID CHROMATOGRAPHY CALENDAR 

NOVEMBER 6 - 8: 31st Midwestern Regional Meeting, ACS, Sioux Falls, 
South Dakota. Contact: J. Rice, Chem Dept, S. Dakota State Univ, Shepard Hall 
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2001 

APRIL 1 - 6: 221 st ACS National Meeting, San Francisco, Calif. Contact: ACS 
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Chromatography, P.O. Box 21BO, Cherry Hill, NJ OB034-0-j 62, USA. 
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Outlining the fundamental princ:ples by which all interactions 
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Written by international experts ;n the field, the Handhook of 
Affinity Chromatography 

• discusses how to create a customized separation system with
out having to invent a whole :1ew technology to support it 

• details current purification methods for several classes of 
proteins 

• introduces surface plasma resonance detection and weak 
affinity chromarography 

• documents successful laboratory experiences relevant to future 
purifications 

• explores research on affinity chromatography as a topic in its 
own right within the field ofbiorecognition 

• and more! 

Providing more than 1200 literature citations to allow for in-depth 
study of specific topics, the Handbook of4ffinity Chromatography is 
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Irwin Chaik.en 

Surface Plasmon Resonance Detection in Affinity Technologies: 
BIAcorc 

Lars C. Fagerstam and Daniel]. O'Shannessy 

Determination of Binding Constants by Qyantitativc Affinity 
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416 pages, illustrated 

This one-of-a-kmd resource discusses the principles and 
techniques of diode array detectors, compares them to 
conventional absorbance detectors, and examines their 
applications In high-performance liquid chromatography 

Providing gUidelines on how to optimize diode array 
detectors for high sensitivity, selectivity, linearity, and 
automation, Diode Array Detection in HPLC presents 

• early developments In diode array technology 

• current areas of application 

• computer techniques for spectral library searching 

• the mathematical basIs for spectral deconvolution 

• practical uses of ultraviolet spectra for peak punty control 
and peak confirmation 

• chromatographic examples for HPLC applications 

• and much more! 

Generously referenced and Illustrated, Diode Array 
Detection in HPLC IS a practical guide for analytical, food, 
and pharmaceutical chemists and biochemists; analytical 
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level undergraduate, graduate, and continuing-education 
students In these disciplines. 
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Clinical Applications 
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Volume 11 of this series continues in the tradition of 
its widely received predecessors, presenting current 
knowledge and results in ion exchange. 

Containing over 600 helpful equations, figures, and 
tables, this authoritative reference 

• presents an overview of the chemical thermody
namics of cation-exchange reactions, with particu
lar emphasis placed on liquid-phase- and solid
phase-activity coefficient models 

• describes the development of surface complexation 
theory and its application to the ion exchange 
phenomenon 

• discusses metal-natural colloid surface reactions 
and their consideration by surface complexation 
modeling complements 

• covers the influence of humic substances on the 
uptake of metal ions by naturally occurring 
materials 

• and more! 

The Ion Exchange and Solvent Extraction Series 
treats ion exchange and solvent extraction both as dis
crete topics and as a unified, multidisciplinary study
presenting new insights for researchers in many 
chemical and related fields. The volumes in this now 
classic series are of major importance to analytical, 
coordination, process, separation, surface, physical, 
and environmentai chemists; geochemists; electro
chemists; radiochemists; biochemists; biophysicists; 
hydrometallurgists; membrane researchers; and 
chemical engineers. 
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Exchange Reactions: Theoretical and 
Practical Considerations 
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A Three-Parameter Model for 
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Surface Complexation of Metals by 
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Uptake of Metal Ions by Naturally 
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Journal of liquid Chromatography is published in the 
English language for the rapid communication of research 
in liquid chromatography and its related sciences and 
technologies. 

Directions for Submission 

One typewritten manuscript, suitable for direct 
reproduction, and two (2) clear copies with figures must 
be submitted, Since the journal is produced by direct 
photography of the manuscripts, typing and format 
instructions must be strictly followed. Non-compliance 
will result in return of the manuscript to the author and 
will delay its publication. To avoid creasing, manuscripts 
should be placed between heavy cardboards before 
mailing, 

Manuscripts may also be submitted on computer 
diskettes, A printed manuscript must also be submitted 
with diskettes because, at the present time, we are 
experimenting with manuscripts on diskettes. Diskettes 
must be readable with an I BM-compatible computer 
(Macintosh or other type not acceptable) and must be 
formatted with MS-DOS 3,1 or greater, Be sure to 
indicate the word processing sofh.vare that was used to 
prepare the manuscript diskette, 

Manuscripts and computer diskettes should be mailed 
to the Editor: 

Reprints 

Dr. Jack Cazes 
Journal of IJquid Chromatography 
P. O. Box 2180 
Cherry Hill, NJ 08034 

Due to the short production time for papers in this 
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reprint order form will be sent to the author with the letter 
of acceptance for the manuscript. Reprints are available 
in quantities of 100 and mUltiples thereof. Twenty (20) 
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reprints. 
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preceding the references. 

7, References should be numbered consecutively and 
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They should be typed single-spaced, with one line space 
between each reference. Each reference should contain 
names of all authors (with initials of their first and middle 
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centered above the reference list. 
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wide by 7 inches high (14 cm x 18 cm). The typing area 
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acceptable, even if they are 'near letter quality' or 'letter 
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professionally drawn in black India ink on separate sheets 
of white paper, and should be placed at the end of the 
text. They should not be inserted in the body of the text. 
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size for figures is from 5 inches x 7 inches (12.7 cm x 17.8 
cm) to 8'/, inches by 11 inches (21.6 cm x 27.9 cm). 
Photographs should be professionally prepared goss y 
prints. A typewriter or lettering set should be used for all 
labels on the figures or photographs; they may not be 
hand drawn. 

Captions for figures should be typed single-spaced on 
a separate sheet of white paper, along the full width of 
the type page, and should be preceded with the word 
FIGURE and an Arabic numeral. All figures and lettering 
must be of a size that will remain legible after a 20"A> 
reduction from the original size. Figure numbers, name of 
senior author and an arrow indicating "top· should be 
written in light blue pencil on the back of the figure. 
Indicate the approximate placement for each figure in the 
text with a note written with a light blue pencil in the 
margin of the manuscript page. 
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single line space should be inserted after each reference. 
The format for references should be as given above. 
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