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A B S T R A C T  

The principles and applications of fluorescence detection and 
fluorescence introducing reagents and methods in H P L C  are  review- 
ed. The design and requirements for fluorescence detectors, flow 
cells and excitation sources and the conversion of non-fluorescent 
compounds into fluorescent products by pre-column and post-column 
derivatization reactions are discussed. For the applications the em- 
phasis is on drug analysis, where possible in biological fluids (se- 
rum, urine, etc. 1. The last paragraphs are divided in a number of 
sections in which newly developed and some scarcely used reagents 
are mentioned shortly; a more complete treatment is given of the 
reagents and labels most frequently used in the derivatization of 
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790 LINGEMAN ET AL. 

certain functional groups. In this discussion the methods of deriv- 
atization as well as the selectivity, stability, fluorescence behavi- 
our of the reagentshabels and derivatives and the reaction condi- 
tions are included. An up-to-date survey of the applications of 
fluorescence detection in liquid chromatography (TABLE 111, 
TABLE I V  and TABLE V),  ends this review paper. 

INTRODUCTION 

The various modes of chromatography belong to the most fre- 
quently applied separation methods in many laboratories. The enor- 
mous success of chromatography has been triggered by the develop- 
ment of chromatographic systems with a high degree of separation 
power, together with the introduction of sensitive detectors suit- 
able for the in situ (TLC) or on-line column chromatographic de- 
tection and quantitation of solutes. Chromatographic methods with 
sensitive detection are therefore particularly well suited for the 
analysis of micro quantities of material in complex matrices ( 1-4). 

The separation of solutes in liquid chromatographic (LC) sys- 
tems (5) is based on differences in one or more of the following 
properties, adsorption onto solid surfaces, partition coefficients 
in systems of two immiscible fluids, interaction (in the case of 
ionic solutes) with surface ion-exchange sites or molecular size. 

In this paper we distinguish the following modes of LC sys-  
tems: chromatography on non-modified silica or other polar sta- 
tionary phases (normal phase, NP), chromatography with apolar 
stationary phases (reversed phase, RP) , ion-exchange chromato- 
graphy (IE) with macromolecular organic materials containing iono- 
genic functional groups a s  stationary phase and paired-ion (PI) 
chromatography. PI chromatography can be executed in various 
ways: RP adsorption and liquid-liquid partition systems, in the 
NP as  well as  in the RP mode. 

In the most commonly used RP systems the stationary phase 
consists of an apolar chemically modified silicagel. The mobile 
phase is usually a mixture of water (or buffer solution) and an 
organic solvent, frequently methanol o r  acetonitrile. For an ade- 
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FLUORESCENCE DETECTION IN HPLC 791 

quate behaviour of the compounds under investigation in a partic- 
ular chromatographic system the type of mobile phase that has to 

be used may not be compatible with the kind of medium necessary 
for a proper fluorescence behaviour of these chemicals. E .  g . ,  for 

compounds in which the fluorescence transition is of the T *  TI* 

type, the frequently used RP systems in liquid chromatographic 
analysis are not the systems of first choice, because the quantum 
yield of fluorescence of these chemicals is often low in polar sol- 
vents. 

In comparison with TLC and GLC, HPLC is a young branch of 

chromatography. I t  is a still rapidly growing technique, not in the 
least because of continuing advances in instrumentation and column 
technology. Combined with high-efficiency columns, on-line fluores- 
cence detection is one of the most powerful analytical tools today. 

Although fluorescence detection can be applied in every chromato- 

graphic mode (FIGURE 1) the combinations of fluorescence detec- 
tion with G L C ,  HPTLC and TLC are rare in comparison with the 
combination of fluorescence detection and HPLC . 

In the following paragraphs fluorescence detection, including 
fluorescence enhancement and derivatization techniques, is discuss- 
ed in combination with HPLC. The literature on the application of 

fluorescence detection in TLC, HPTLC and GLC has been summar- 
ized recently by Froehlich and Wehry ( 6 )  and Hulshoff and 
Lingeman (7). 

In HPLC no successful universal detector ( 8 - l o ) ,  comparable 
to the flame ionization detector in GLC,  has been developed. Among 

the various detection modes (TABLE I )  used in LC, fluorescence 
detection has gained a prominent position. 

For many fluorescent compounds fluorescence detection offers 

the highest level of sensitivity obtainable in HPLC. For some com- 
pounds, however, the electrochemical detection can be even more 
sensitive than the fluorescence detection (11). Due to the limited 

number of strongly fluorescing compounds, fluorescence detection 
offers a high degree of selectivity. The inherent disadvantage of 
limited applicability can be overcome by conversion of non-fluor- 
escent compounds into fluorescent products. 
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192 LINCEMAN ET AL. 

FLUORESCENCE DETECTION I N  CHROMATOGRAPHY 
(References 1977-1 983) 
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Figure 1 Reference: Hulshoff A .  and Lingeman H . ,  Fluorescence 
Detection in Liquid Chromatography, in 
"Applications of Luminescence Spectroscopy", 
Schulman S L G . ,  Ed. ,  Wiley, New York, 
in press 

TABLE I 
DETECTION IN LIQUID CHROMATOGRAPHY 

Detection Application Area Sensitivity 

Flame Ionization very wide ug range 
Nuclear Magnetic Resonance wide ug range 
Refractive Index very wide ug range 
Absorbance( UV-Vis) wide ng range 
Infrared wide ng range 
Mass Spectrometry very wide ng range 
Electron Capture wide ng-pg range 
A tomic Absorption narrow P g range 
Electrochemical variable pg-fg range 
(e . g . polarography 1 
Fluorescence narrow fg  range 

_____ 
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FLUORESCENCE DETECTION IN HF'LC 193 

FLUORESCENCE AND INTRINSIC FLUORESCENCE SENSITIVITY 

The recent upsurge of interest in fluorescence detect:.on ori- 
entated techniques has resulted in a score of new labelling re- 
agents and new applications of formerly described labels. In many 
cases, however, the fluorescence properties of the labels and the 
corresponding derivatives are unknown under conditions relevant 
for chromatography. 
Without this information newly developed fluorescence labels and 
synthetised derivatives cannot be fully assessed to their value. 

Principles of Fluorescence 
Fluorescence is the emission of light accompanying the trans- 

ition of an electronically excited molecule to i ts  ground electronic 
state. The theoretical and practical aspects of fluorescence analy- 
sis of organic molecules are described in many textbooks ( 1 2 ,  13). 

Therefore, in this paper only a brief survey is given concerning 
those aspects that are important for the fluorescence labelling of 
organic compounds. 

The excitation process of the IT- or non-bonded electrons of 
the absorbing molecule is achieved by irradiation with light with 
an appropriate wavelength. The process of returning of the mole- 
cule to its ground electronic state begins with the loss of the ex- 
cess vibrational energy (vibrational relaxation) to achieve the low- 
est excited singlet state. 
For aliphatic molecules which have a high degree of vibrational 
freedom, the molecule returns to i ts  ground electronic state by a 
subsequent vibrational relaxation process and no fluorescence will 
be observed. 
For aromatic and highly conjugated molecules having a low degree 
of vibrational freedom the vibrational relaxation pathway is  not ef- 
fective and the molecule returns to i ts  electronic ground state by 
emitting the difference in energy between the ground state and the 
lowest excited singlet state in the form of fluorescence light. 
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194 LINGEMAN ET AL. 

If all molecules arriving in the lowest excited singlet state 
should emit fluorescence, the observed fluorescence energy will be 

almost equal to the energy of the absorbed light ( I u ) .  However, be- 

cause of the several processes that are competing with each other 
for deactivation of the lowest excited state,  the intensity of fluor- 

escence ( I  ) usually is a fraction ($ f )  of Iu (Equation 1). f 

I f  "* Iu 

$f is called the quantum yield of fluorescence and for most com- 
pounds the value is far from unity. For quinine bisulfate in 0 .1  N 

sulfuric acid, a drug with good fluorescence properties, the quan- 
tum yield is 0.55 . $, only approaches unity for compounds such 

as fluorescein or  rhodamine B ,  but these are exceptions. For most 
commercial instrumentation, $f must be greater than 0.01 for fluor- 
escence to be observable. 

A combination of the Beer law ( 2 )  

Iu I 0 . (1 - 10-A.C.l ) 

and Equation (1) leads to 

) 
-A.c.l I f  = @ I f * I o ( l -  10 

where l o  is the intensity of the primary light, A the molar absorp- 
tivity, c the concentration of the solute and 1 the path-length of 
light through the sample. Equation ( 3 )  indicates that I f  is not line- 
ar  with the analyte concentration, but for values of A.c.1 less 
than 0.02 Equation ( 3 )  can be simplified to 

I f  = 2.3*1+~.A.c.l  ( 4 )  

This means that only at very low absorbances If is linear with 

the solute concentration. 
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FLUORESCENCE DETECTION IN HPLC 795 

Intrinsic Fluorescence sensit&* 

quantitative parameter to establish the absorption behaviour of the 

compounds under investigation and ,  in HPLC analysis, i ts  detection 
sensitivity. The quantum yield of fluorescence ( o f )  itself, however, 
is not a good parameter to quantify the fluorescence sensitivity of 
a compound, because it provides no information on the number of 
absorbed photons. The molar absorptivity (total number of absorb- 
ed photons) and the band width at half height of the emission 
spectrum of the drug are also important for the fluorescence sens- 
itivity. This width at half height (BW), expressed in em-', of the 

emission band controls the intensity distribution over the part of 
the emission spectrum seen by the detector and is therefore im- 
portant for the sensitivity of the detector cell. 

In absorption studies the molar absorptivity ( A )  is a good 

In 1960 Parker and Rees ( 1 4 )  mentioned a way of describing 
the fluorescence sensitivity of compounds and later on Lloyd (15) 

called it the intrinsic fluorescence sensitivity (IFS)(Equation 5 ) .  

In order to calculate the IFS the molar absorptivity and the Q f  

have to be known. 

The band width can be calculated from the emission spectrum. The 
quantum yield of fluorescence can be measured with absolute ( 1 6 )  

or relative (17)  measurements. The most widely used method of de- 

termining quantum yields is by the relative method. This method 
is also the most suitable one for calculating the IFS, and has the 
advantage that no expensive fluorimetric equipment is required. 

The equation to calculate the quantum 
(18, 19) is:  

yield of a certain compound 

ar Ex * I r  ( n 2  Ix 

ax - E r  -Ix ( n 2 ) r  
Q x  o r * -  
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796 LMGEMAN ET AL. 

x : compound under investigation r: reference compound 
$:  quantum yield I :  intensity of excitation light 
a: absorbance of the solution n :  average refractive index of 
E : corrected emission intensity the solution 

Of course, if the same solvents and excitation wavelengths are used 
the Ir/Ix and ( n X ) 2 / ( n r ) P  ratios reach unity. With these prerequi- 
sites Equation 6 can be simplified to: 

The absorbance of the solutions should not exceed the value of 
0.01 to avoid inner-filter effects. E is  the integrated area under 
the corrected emission spectrum. 

In TABLE I1 a survey is given of the quantum yields and in- 
trinsic fluorescence sensitivities of some derivatives of fluorescence 
labels. To detect 1 ng o r  less of the compound that has to be de- 
rivatized the IFS of the derivative with an appropriate label must 
be 0 . 5  or more. To limit the interferences (absorbance and back- 
ground fluorescence) it is desirable that the excitation wavelength 
is higher than approximately 3 0 0  nm. 

Influences on the Fluorescence Sensitivity 
The presence of rigid planar aromatic rings such as benzene, 

naphthalene, anthracene or their heteromatic analogs pyridine , qui- 
nolone or acridine. e tc . ,  is essential for fluorescence. In general 
the addition of electron donating structures such as:  - N H 2 ,  - O H ,  

-OCH3 or - N ( C H 3 ) 2  will enhance the fluorescence and the presence 
of electron withdrawing groups such a s :  - N O p ,  - C N ,  -C1, -COOH 

or  -COH will diminish the fluorescence (20) .  However, there are 
many exceptions to these rules and it is not possible to give a com- 
plete set of rules for the influences of functional groups on the 
fluorescence of a molecule. 

The effects of the solvent on the fluorescence are determined 
by the nature and degree of the interactions of the solvent with 
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798 LMGEMAN ET AL. 

the solute molecules. Interactions which are predominantly electro- 
static in nature and may be classified as  dipolar or hydrogen bond- 
ing are particularly important ( 2 1 ) .  Molecules having lowest excited 
singlet states of the n +  IT* type rarely fluoresce in aprotic or non- 
polar solvents. However, in polar hydrogen bonding solvents such 
as ethanol these molecules become fluorescent. On the other hand 
for many of these compounds water has a quenching effect on the 
fluorescence. The fluorescences of hydrocarbons, IT+ n * transitions 

of the lowest excited singlet state,  are usually better in nonpolar 
hydrocarbon solvents. Furthermore, the use of heavy atom solvents 
(e .g .  alkyl iodide) must be avoided, because the fluorescence is al- 
ways less intense than in solvents of low molecular weight. 

Not only the intensity of fluorescence is influenced by the fac- 
tors mentioned before but also the emission wavelength. The n-t  TI* 

transitions usually emit at longer wavelengths than the TI+ IT* trans- 
itions but for the latter the intensities of the emissions are general- 
ly higher. 

The fluorescence intensity of compounds that fluoresce in aque- 
ous media often changes with a change of pH due to the dissoci- 
ation of acidic functional groups or protonation of basic functional 
groups associated with the aromatic portions of the fluorescing mole- 
cule ( 2 2 ) .  

The intensity of the emitted radiation is proportional to the 
concentration of the compound at low concentrations. The non-line- 
arity at higher solute concentrations can be explained by inner- 
filter effects; e . g . ,  re-absorption of emitted radiation by solute or 
solvent molecules. This is  known as concentration quenching. Not 
only high concentrations of solute molecules will quenche the fluor- 
escence but the fluorescence can also be diminished by high con- 
centrations of additional molecules or ions. 

The presence of high concentrations of another absorbing, but 
non-fluorescent component (other than the solute) in the solution 
can influence the sensitivity, precision and accuracy of the analy- 
sis of the solute. 
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FLUORESCENCE DETECTION IN HPLC 799 

An increase in temperature usually decreases the fluorescence. For 

most compounds a 1-2% decrease in fluorescence with lo C increase 
in temperature can be expected, but in some cases a 10% decrease 

with lo C rise in temperature has been reported. Some solutes de- 
compose when they are exposed to UV or visible radiation. This al- 

so effects the precision of a quantitative measurement. 

FLUORESCENCE DETECTION IN HPLC _______ 

Fluorimetry is a well-known analytical method with high selec- 

tivity and sensitivity which makes it possible to detect small quan- 

tities of many important biological compounds, e .  g .  pharmaceuticals, 

steroids and vitamins. Detection of pg amounts and in some cases 
even fg  amounts of drugs is possible. 

The fluorescence of eluted solutes can be detected on-line in 
a fluorimeter equipped with a flow cell; fluorescence detection at 

fixed wavelengths of excitation and emission is thus as  simple and 
straight forward as  the UV-absorbance detection. 

In case of solvent programming and other systems in which 
the composition of the mobile phase changes during the analysis 
the fluorescence can be enhanced or diminished by changes in the 

physico-chemical properties of the fluorophore, changes in the in- 
teraction of the fluorophore with the eluent or by inner-filter ef- 
fects. In these cases special measures are required for reliable 
measurements of the fluorescence. 

Fluorescence Detectors 
Conventional HPLC fluorescence detectors today are  basically 

similar to fluorimeters used for off-line measurements, with excep- 

tion of the low volume flow-cell (less than 20 ~ 1 ) .  The design and 

use of these detectors have been described by several authors 
( 3 2 - 3 6 ) .  

For the selection of excitation and emission wavelengths the detec- 
tor can be equipped with filters or monochromators. Due to the se- 
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800 LINGEMAN ET AL. 

lectivity provided by the HPLC column, wavelength selection with 
filters is frequently adequate. Filter instruments also offer higher 

excitation and emission radiation intensities and therefore better 

sensitivity (35) .  On the other hand for the analysis of drugs in 

complicated matrices such as serum and urine the monochromator 
equipped instruments offer the possibility of further enhancement 

of the selectivity which is frequently essential. A s  a compromise 
instruments are developed with monochromatic excitation radiation 

and broad spectral band-pass of the emitted radiation by blocking 
or cut-off filters. 

The excitation radiation source is practically always either 

the mercury lamp with a few narrow bands of high intensity radi- 
ation or a continuous source lamp: the deuterium lamp or the 

xenon lamp. The xenon lamp is at  present the most frequently ap- 
plied radiation source with a continuous spectrum of fairly high in- 
tensity from 260 to 660 nm. 
The advantages, disadvantages and applications of the different 
radiation sources are described by Abbott and Tusa (37) in a re- 

cent review on optical detection and by Hulshoff and Lingeman ( 7 ) .  
To achieve better sensitivity or to lower the noise level in detector 
devices, excitation by a B-radiation source (38-41) o r  a laser 
source is developed. 

Laser induced fluorescence detection offers some definite po- 

tential advantages over the conventional light sources ( 4 2 ,  43) : 
production of a very high photon flux (high excitation energy) ,  
improvement of the signal to noise ratios and the possibility of an 
accurate positioning and focussing of the beam. Improved spectral 
selectivity or sensitivity can be obtained by some recent develop- 
ments in laser excited fluorescence detection : time-resolved fluor- 
escence (44, 45), two photon excited fluorescence (46-481, sequen- 
tially excited fluorescence (491, solid-state fluorescence based on 
Shpol'skii spectroscopy ( 50, 51) , high-temperature supersonic jet 
fluorescence (52, 53) or the use of second derivative spectrometry 

(54, 55). 
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FLUORESCENCE DETECTION IN HPLC 80 1 

Flow Cells 

The volume of the flow cell must be kept small to minimize 
post-column band broadening. The basic need to supply the cell 

with sufficient excitation energy and to collect the emitted radi- 
ation requires transparancy on more than one axis of the cell. 
Light scattering by reflection and refraction from the walls of the 

flow cell is a major source of interference, particularly with laser 
based detectors. 

Flow cells are usually constructed of narrow bore quartz 

tubing. Stray light interference can be effectively eliminated by 
detecting fluorescence with right-angle geometry from flow cells 
with a linear bore of the square cross section (56, 57). 

In view of the advantages in the use of microcolumns in HPLC 

over conventional 2-5 m m  I .D .  columns, the development of flow 
cells with volumes less than 1 u l  and excitation path lengths of 

1 cm is of current interest. A recent development is the use of 
fiber optics (58, 59). where the excitation energy is guided to the 
cell by an optical fiber. The use of absorption-corrected fiber op- 
tics in flowing streams to reduce the inner-filter effects is present- 

ed by Ratzlaff (60) .  

Some potential sources of error  connected with quartz flow 
cells can be eliminated by using the free falling drop detector (611, 
a windowless flow cell (62, 63) or the application of the sheath 
flow principle ( 6 4 )  to achieve an improved sensitivity or to reduce 
stray light effects. 

Monitoring of Excitation-Emission Spectra in the HPLC Effluent 
Fluorescing compounds in chromatographic effluents can be 

characterized by different parameters : retention time, fluorescence 
sensitivity and excitation and emission bands. Thus,  in addition to 
instruments employing single excitation or emission wavelengths, 
detectors that are designed to scan the excitation or emission spec- 

tra of solutes eluted from an HPLC column can give a considerable 
amount of of qualitative andlor quantitative information. Scanning 

can be performed after stopping the flow (65) .  In principle, this is 
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802 LINGEMAN ET AL. 

the easiest way to obtain the excitation and/or  emission spectra of 
fluorescing compounds in the detector zone. However, diffusion of 
the solute from the detection zone during scanning causes irrepro- 
ducible distortions of the spectra and loss of resolution between ad- 
jacent solute bands. 

The scanning of fluorescence spectra "on-the-fly" in the HPLC 
effluent, without altering the flow, is therefore more desirable. 
The possibility of rapid scanning (about 10 nm/s) has been dis- 
cussed (66) .  Some of the spectroscopic resolution is lost by rapid 
scanning, but the spectra thus obtained contain usually sufficient 
information for identification of the solute. On-the-fly rapid scan- 
ning can also serve to determine whether a chromatographic peak 
results from one or more eluted compounds which will become evi- 
dent by appreciable spectral changes, provided the compounds 
possess different fluorescent properties. 

The loss of spectral resolution inherent to on-the-fly mechan- 
ical scanning of spectra can be overcome by the use of electronic 
array detectors ( 671, intensified vidicon multichannel analyzer sys- 
tems (68) or the rapid scanning video fluorimeter (69-71). These 
detectors provide multiple excitation and emission spectra in a 
single (non-mechanical) scan without any need for stopping the 
flow eluent. Thus, three dimensional fluorescence intensity plots 
can be constructed at any time during elution. Strategies for ana- 
lyzing data from video fluorimetric monitoring of effluents have 
been proposed ( 7 2 ) .  

FLUORESCENCE DETECTION OF NON-FLUORESCENT COM- 

POUNDS AND FLUORESCENCE ENHANCEMENT BY ELUENT MANI- -.____ 

PULAT ION 

Relatively few compounds show a sufficiently high quantum 
yield of fluorescence to allow detection at  levels comparable to or 
lower than those obtained with UV absorption detection. The com- 
position of the eluent (solvents, buffers and other additives, pH, 
ionic strength and viscosity), i ts  oxygen content and temperature 
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FLUORESCENCE DETECTION IN HPLC 803 

are of paramount importance for the fluorescence detection. More- 

over,  weakly fluorescing or non-fluorescent compounds can be con- 
verted into fluorescing derivatives whether before or after HPLC 
separation. 

One of the possibilities is to utilize the dependence of the 
emitted radiation on the environment of the fluorescing compounds 
by the addition of fluorescing compounds to the eluent. An HPLC 

detection method for lipids based on this principle is developed 

( 7 3 ) .  A continuous stream of an aqueous solution of a fluorescent 
dye,  1-anilino-naphthalene-8-sulfonic acid (ANS) , is  mixed with 
the column effluent, giving a certain level of base-line fluorescence. 

The fluorescence intensity of ANS in aqueous solutions is increased 

in the presence of lipids. The lipids probably form micelles, into 
which the ANS molecules are trapped. In these hydrophobic sur- 

roundings ANS exhibits enhanced fluorescence, allowing the lipids 
to be detected. The addition of a solution of B-cyclodextrin to the 

column effluent results in a significant increase of the fluorescence 
of some derivatized thiols ( 7 4 ) .  The addition of small amounts of 

aniline to the eluents in RP chromatography makes the detector 

respond to fluorescent and non-fluorescent compounds (75). 
The fluorescences of dansylated phenols decrease in solvents 

with increasing dielectric constant with a concomittant red shift of 
the excitation-emission spectra ( 7 6 ) .  For indoles and aromatic 

amino acids ( 7 7 )  is concluded that in mixed aqueous solvents ( e .g .  
ethanol-water , DMSO-water) the fluorescence is enhanced in com- 

parison to pure water. 

At low pH values the fluorescence of aqueous solutions of 

dansyl derivatives is markedly decreased ( 7 8 ) .  Post-column 
acidlbase manipulation can help to increase the sensitivity andlor 
the selectivity of the fluorescence detection system (79 ) .  

Conversion of Non-Fluorescent Compounds into Fluorescent Products 
The compounds of interest can be converted into fluorescent 

products by a number of methods either before or after the chrom- 
atographic separation. Fluorescence labelling (i .e.  the attachment 
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804 LINGEMAN ET AL. 

of one or more fluorophores to the molecule through covalent bind- 
ing) is discussed in the next paragraph. 

Many other types of derivatization reactions have been des- 
cribed as  well. Some examples are given to demonstrate the broad 
range of possible reactions. Phenothiazines can be detected after 
post-column oxidation ( 80). Indomethacin yields fluorescent pro- 
ducts by deacylation prior to HPLC analysis (81). 8-Hydroxy- 
quinoline forms strongly fluorescing metal chelates with Mg(I1) 
( 8 2 ) .  Cortisol is converted into fluorescing product(s1 by heat- 
ing with an ethanol-sulfuric acid mixture (83) and digitalis glyco- 
sides by heating them with concentrated hydrochloric acid ( 8 4 ) .  

Dimethoxyanthracene sulfonate (DAS ) can serve a s  a fluorescent 
counter ion for post-column ion pair extraction of some basic 
drugs (85). 

Another approach is using non-fluorescent reagents which 
are converted upon reaction with the solutes in the eluent into 
fluorescent products. Many compounds, such a s  the carbohydrates 
can be oxidized by cerium(IV), which is reduced to the strongly 
fluorescent cerium(II1) (86) or ligand exchange reaction of 
organosulfur compounds with the non-fluorescent palladium( 11)- 
calcein complex, resulting into the decomposition of the palladium 
(11)-calcein complex and the release of the fluorescent calcein (87). 

Fluorescence-L~b~llJn~ - - - - - -  
The recently developed fluorescent labelling reagents together 

with the older reagents offer the chromatographer ample choice and 
fluorescence labels are now available for several functional groups 
(TABLE 111). 

The selectivity of the detection system is limited by fluores- 
cence labelling, as  any other method in which a reagent reacts with 
functional groups. This relative loss in selectivity in favour of en- 
hanced sensitivity can be minimized by the use of fluorescence re- 
agents which react with one type of functional group or  structural 
moiety only. On the other hand, the separation power of modern 
HPLC columns does not always require the best selectivity of the 
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FLUORESCENCE DETECTION IN HPU: 805 

TABLE Ill 
FLUORESCENCE INTRODUCING LABELS AND REACTING FUNCTIONAL GROUPS 

REAGENT ABBREVIATION FUNCTIONAL GROUP REFERENCE 

N -  19-ArridinyllmolcImide NAM S u l f h y d r y l  184. 185 
I D )  IL I  l ~ A m i n a l h y l ~ 4 ~ d i m e l h y l a m l n o n a p h ~  
lhalene DANE 1.1 C a r b a r y l  252. 251 

9-Aminophenanlhrene carboxy1 263 
2 Aminopropionil~Ile-fum~r.le-borale AFB Corbohydrote 290 
I Anilinonaphlhylmaleimide ANM S u l m y d r y l  180 

p-(9-Anlhroylorylphenacyl bromide see Br-Mmc 260 
(panacyl bromide) 
9~ Anlhry ld iammelhane ADAM see Br-Mmc 251. 258 

&Amino l ~ n i l r o b e n 1 0 ~ 2 ~ 0 x . ~ 1 . 3  diazole N B D ~ a m i n e  H y d m l y t i c  enzymes 222 

1 and 9-Anlhroy ln i l r i le  Hydroxyl 289 

p~ 12~Benrimidarolyllphenylmaleimid~ BlPM S u l m y d r y l  179 
Benlol" Guanidine 291. 292 
p -  1 I-Ben~oxaiolyllphenylm~leimide BDPM S u l m y d r y l  186 
Boc arninomelhyl- IBac amlnophenyhru- 
lhiacyanale Amins 179 

I -Bromoacelylpyrene s n  Br-Mm 261 
V ~ B r o m o m e t h y l ~  1-sceloxycwmar in  Br-MaC see Br-Mms 203 
U-BrOmomelhyl~6, l~d lmelhoxysovmar in  Br-Mdmc see Br-Mmc 15 
4 Bromomelhyl- 1-mclhoxycoumarin Br-Mmc Carboxy l .  Imide, Phenol. SuHhydry l  191. 194 
N-Chlorodanrylarnide NCDA Sul fhydry l  156, 157 

4 ~ C h l ~ i ~ ~ l ~ ~ i l ~ ~ b ~ ~ i ~ ~ l ~ ~ ~ ~ ~ l , 3 ~ d i s 2 O l e  NBD-Cl Amlrw (prim.. recard.). P h a ~ l  1 0 7 ,  208 

2 Bromaacelonaphlhan Inaphlhacy l  bromide1 3- Br-Mmc 259 

9- IChloromelhyll~nlhr~cene 9-CIMA see 6 r - M ~  14 

2~Cyanoacelamide Reducing h y d r o r y l  284. 285 
2- Danry laminalhanol  DAE ( '1 C.rboxy1 254 
2-Din~ylethylchlo~~fDlmate Dni-ECF see FMDCCI 10 
9. IO-DIDminqlhen~nlhrenc DAP carboxy1 111, 265 
4-Dlozomelhyl- 1-mclhorycoumarln D-Mmc see 8,-Mmc 104 
5~D1-n~Bulyl~minon~phlh.lene-l-rulfonyl Chloride Ens-CI  .ee DnS-CI 142 
N . N ' ~ D i c y c l o h e x y l ~ l n , N ' ~ D l i ~ ~ p ~ ~ p y l - Q - l l ~ ~ t h ~ ~ y ~  
c w m a r i n  Imelhylirourea D C C l l D l C l  carboxy1 11. I02 
4. 5-Dimelhoxy- I, 2-diamlnobcnzene DBB Aldehyde 291. 191 

5-Dimethyl~minonaphthilanc-1-rulfonyl-siiridlne Dns-A S u l m y d r y l  114. 115 

5~Dimethyl~minon~phlhIllcne- 1-ru l fony l  chloride D n r - C I  Aminc lprlm., seomd.1, H y d r o x y l .  

5 ~ D i m e l h y l a m i n o n i p h l h ~ l ~ ~ ~ - l - r u l f g n y l - h y d ~ ~ ~ i " ~  Dnr-H carbony1 1U6, 151 

U~Dimefhylamlno- 1-n~phthylli~lhlocyinille Anin. 178  
2~Diphenylacely l -  I,l-indandIone-l-hydra,one DIH Aldehyde 195 
1.2 Diphenyl-eIhylenedl.mine DPE Reducing h y d r o x y l  296 

FiUOreiceini.Olhiocy.n.te Amlnc 216 
U-FIuorobenzo-2-oxa~ 1, I-dlaiole-7-rulfon.le SBD-F Sulfhydryl 218, 219 
U F I ~ ~ ~ 0 ~ l ~ n i l r o b e n i o ~ 2 ~ o x ~ ~ I . l ~ d i a i o l c  NBD-F see NED-Cl 213. 111 

N-11 Dimethyl~mino~U-melhyl-3-coum~rlnyll~m~lelmlde DACM s u i m y d r y i  181 

5 ~ D i m c l h y l ~ m l n ~ ) ~ p h l h ~ l ~ ~ ~ -  1-iulfonyl-c.drverine Dnr-C 1'1 c.rboxy1 29 

msnoi, s u i m y d r y i  121, 130 

U~Dlmelhylamtno- 1 -naphlhoy ln i l r l ls  DMA-NN Hydroxyl (prim.. second.) 188 

9 Fluorenylmelhylchloroform.tE FMDCCI Amlne 118 

U - F I ~ ~ r ~ - l ~ ~ ~ l f ~ m ~ y l b " ~ ~ - 2 ~ ~ ~ ~ ~ 1 ,  3 - d i m I e  NHl-SBD-F see SBD-F 220 
Glycmamode H y d r o x y l  191 
4-Hydraz ino-1 ntlrobenzo-2-oxa-I. I-diazole NBD-H carbony1 221 
U' H y d r a r i n o ~ 2  r l l lba io le  UHlS Carbonyl  269. 110 
9- I Hydraxymelhy l  lanlhracene HMA 1.1 C.rbol*l 1 3  
4 H y d r o x y m e l h y l ~ 7 ~ m e l h o x y ~ ~ ~ m ~ ~ l "  Hy-Mmc 1.1 carbory1 195. 201 
9~liOlhiocy.n.lMCridine Arnlne 175 
1-Melhoxycoumarin- 11-4-carbonyl a i d e  I-MCCAiU-MGCA Hydroxyl 26 
2 ~ M ~ t h ~ r y ~ 2 . 4 - d I p h ~ ~ y l - 3 1 2 H l - f u r m o n e  MDPF see F l w  170. 111 
4~ I 6 ~ M e l h y l b e n ~ o l h i a ~ 0 l - 2 - y l l p h e n y l i ~ ~ ~ ~ ~ ~ l ~  MbP Amlne 280. 281 
I + I  11 - 1 -  1-Melhyl- 1. I'-binrphlhalsne~l'-clrbonyl~ 
n i l r i l e  H y d r o x y l  287 
5~Mcthylphenyl~min0n~phthalme- 1-ru l fony l  chloride M n r ~ C l  see Dnr-CI  141, 121 
Monobromo-trimethyl-ammonlobimane s u i m y d r y i  271. 272 
1 .2 -Naphlhoy leneben~ lmld~~~1~-6~~" l fony l  chlor ide NBI-S02CI see Dnr-Cl  213. 111 
1 -Naphlhylamine caroxy1 261 
l - N ~ p h l h y l c h l o r o f o r m a l e  NCF see FMDCCI 119 

a-Phenylenediamine a-kelaarboryl 266. 268 
Naphlhy l i iocyanale N I C  Amine 298 

Phcnylisolhiocyanale Amine 217 
U-Phenyl.piTOlfUi.n~2I 3H I - I '+hlhalan 1~ 1.1'~dlone F l u r  Amlne Iprim.. wcond.1 158, 111 

N ~ I 1 -Py renelmalelmide PM S u l f h y d r y l  181 
N~Succinmidyl-2-naphlhoxyaceIale SNA Amine 282 

l f luorercaminel  
0-Phlhalaldehyde lo-Phlhaldmldehydel  DPA Amine Ipdm.,  second.1 225. 211 

I * 1 D e r i ~ a l ~ z a l i 0 n  in 110 steps f i rst  activation of functional g r o u p  l h a l  has 10 be der lva l ized followed b y  rel~liar with 
fluorescence in t roducing label 
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806 LINGEMAN ET AL. 

labelling reagents. Furthermore, for the chromatographer there are 

definite advantages in using only a few reagents, which cover a 
broad range of compounds with different functional groups and for 
which the optimum reaction conditions have been well established. 
Alkylating reagents (e .  g. 4-methyl-7-methoxycoumarin) or  acylating 

reagents (e.  g .  5-dimethylaminonaphthalene- 1-sulfonylchloride) react 
with several functional groups which possess an active hydrogen. 

Ideally the following conditions are fulfilled in a fluorescence 
labelling procedure : 
- the absorption transition of the lowest energy of the introduced 

fluorophore is intensive (large molar absorptivity) ; 
- the fluorophore does not contain structural moieties or function- 

al groups which increase the rates of radiationless transitions 
(large quantum yields) ; 

- the reagent solution used for the derivatization reaction is stable 
for prolonged periods ; 

- the fluorogenic reagent and its degradation products formed 
during the reaction are non-fluorescent or they are well separ- 
able from the derivatized compound of interest;  

- the compound of interest is rapidly and quantitatively derivatiz- 
ed under mild conditions, yielding a single product; 

- the derivatives are stable and possess favourable chromatograph- 
ic properties ; 

- the formation of relatively non-polar derivatives is advantageous 
to achieve a successful isolation and concentration by extraction 
with organic solvents; 

- the rearent is non-toxic. 

When developing a derivatization procedure for a certain com- 
pound the influence of all reaction conditions (choice of solvent, 
concentrations of reactants and catalyst(s) , temperature and reac- 
tion time) must be thoroughly investigated to obtain optimal reac- 
tion conditions. 
The identity of the reaction product(s) must be established and 
the fluorescence properties of the derivative(s) in several HPLC 
eluents determined. The reproducibility of the labelling procedure 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



FLUORESCENCE DETECTION IN HPU: 807 

should be thoroughly tested, especially if the yield of the reaction 
is less than 100%. 

Pre-Column Dezivatization 

ation technique with many advantages and only a few disadvan- 
tages (1 ,  88-91). Because the derivatization is performed prior to 
the chromatographic separation the major advantages are  : 
- no restrictions on the reaction kinetics, provided that the re- 

- - - - - _ _  _ _ _ _  
Pre-column derivatization is the most widely used derivatiz- 

action goes to completion within a reasonable time, yielding one 
derivatization product for the compound in question without the 
formation of side products; 

- a free choice in varying the conditions in order to optimize the 
reaction time and reaction yield; 

- the solvent in which the pre-column reaction takes place need 
not be compatible with the mobile phase of the HPLC system; 

- side products formed during the derivatization which might 
quench the fluorescence of the derivative will be separable, 
either on the HPLC column or by a pre-chromatographic clean- 
up step. 

The main disadvantage of the pre-column derivatization is 
sometimes the formation of side products which cause troubles in 
the chromatographic analysis or in the reproducibility of the deriv- 
atization reaction. 

One of the most frequently encountered problems in deriv- 
atization procedures is the occurrence of interfering peaks in the 
chromatograms, due to degradation products or impurities of re- 
agents andlor solvents. 
Great care should therefore be taken in checking the purity of the 
reagents and solvents - the analysis of control samples (reagents 
blanks) is essential - and in storing them under suitable conditions. 
Impurities in solvents causing interferences can be hard to identify 
and to remove. 

Ideally the components of the derivatization mixture do not 
cause changes in the chromatographic system through chemical re- 
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time ( m i n )  

Figure 2 

Chromatograms obtained after derivatization of ibuprofen with 
9-(Hydroxymethy1)anthracene after extraction from plasma (B) and 
from the reagent blank ( A ) .  Peak x is 5nmol ibuprofen derivative. 
Column, LiChrosorb RP 18 (10 u r n ) ;  eluent, methanol-water (9+1); 
excitation wavelength, 365 nm; emission wavelength, 415 nm; flow 
1 ml/min; room temperature. (Reference 23) 

actions, precipitation or  demixing of the eluent upon injection or 
otherwise, and do not interfere with the detection of the derivatiz- 
ed compounds. I f  these conditions are fulfilled, aliquots of the de- 
rivatization mixture can be directly injected into the chromatograph- 
ic system (Figure 2 ) .  However, it i s  frequently necessary to re- 
move the excess reagent or the solvent or other components of the 
reaction mixtures before HPLC analysis. 

Evaporation of the reagent mixture under a stream of dry ni- 
trogen, either at room temperature or under heating, is a simple 
and convenient way of removing the solvents, and if volatile, the 
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FLUORESCENCE DETECTION IN HF'LC 809 

reagent. This procedure is also a concentration step.  Pre-column 
clean-up of the derivatization can also be achieved by liquid-liquid 
extraction or  other pre-column separation steps.  Excess reagent is 
sometimes removed by allowing it to react with an excess of another 
compound; neither that compound nor its derivative must interfere 
with the analysis. 

Although automated post-column labelling is more frequently 
used, automated pre-column labelling methods are described ( 9 2 ,  93). 

- Post-Column _ _ _ _ _ _ _  Derivgtization _ _ _ _ _ _ _ _ _ _ _  ; Reaction Detectors _ 

Considerable efforts have been put into the development of on- 
line post-column derivatization methods and reaction detectors. A 
number of reviews on these topics have been published recently 
(94- 100). 

Post-column reactions take place in a part of the HPLC system, 
called the reactor, between the column and the detector. Post- 
column derivatization techniques have some important advantages in 
comparison with pre-column methods: 
- the reaction must be reproducible wit'nout the necessity of the 

formation of only one derivative; 
- the underivatized compounds are separated and eluted from the 

column and can therefore be detected with other,  non-destruct- 
ive, detection methods before being derivatized. 

Obvious disadvantages of post-column derivatization methods are : 
- the restricted freedom in the choice of the reaction conditions; 
- band broadening in the reactor with a resulting loss of chromato- 

graphic resolution ; 
- the possible interference by excess reagent or reagent degrad- 

ation products in the detection of the derivatized compounds; 
- the need for instrument modifications to suit the post-column 

reaction. 

Reactors consist of one or more units (made of inert material), 
depending on the chemical operations to be carried out. Low press- 
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810 LINGEMAN ET AL. 

ure peristaltic pumps and low volume mixing tees are used to add 
reagent solutions, solvents or air to  the column effluent. 

Three different types of post-column reactors have been des- 
cribed. These are tubular or capillary reactors with a non-segment- 
ed reaction medium, bed reactors and segmented stream reactors. 
The design of post-column reaction detectors and the theory con- 
cerning the effects influencing the sensitivity and resolution in 
these systems are discussed in recent reviews by Van der  Wal (101) 

and Hulshoff and Lingeman ( 7 ) .  

The tubular or capillary reactor is  the simplest reactor to 
handle and is well-suited for fast reactions. This reactor is to be 
preferred over the other reactor types only for reactions which 
take place in a few seconds (the reaction of primary amines with 
fluorescamine). Coiling of the capillary and diminishing of the in- 
ternal diameter of the capillaries helps to minimize band broadening. 

Bed reactors are columns filled with small glass beads to pro- 
vide an extra surface area for the reaction to proceed. The par- 
ticle size of the glass beads is important and should be small to 
avoid excessive band broadening. The bed reactor is considered to 
be a suitable device for reaction times up to 4 minutes. 

In the flow segmented systems air bubbles or solvent plugs 
which are immiscible with the mobile phase, are introduced into the 
column effluent. The segmentation of the flow serves to reduce 
band broadening in case of comparatively long residence times of 
the solutes in the reactor system. Slow on-line post-column reac- 
tions are then still feasible. 

However, the choice of reactor type does not only depend on 
the reaction time. Extreme reaction conditions, e .g .  high temper- 
atures or the use of agressive reagents, limit the freedom of re- 
actor design. Solvent-segmented systems must be used in case of 
extraction detection systems. Packed bed reactors are particularly 
well suited for reactions taking place at solid-liquid interfaces as 
illustrated by the immobilized enzyme bed reactor (102).  The beads 
of this packed-bed reactor are coated with an enzyme, which inter- 
acts with the solute(s) in the column effluent. 
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FLUORESCENCE DETECTION IN HF'LC 81 1 

Excess reagent frequently interferes with the fluorescence sig- 
nal of the derivatized compound. I f  the difference between the par- 
tition coefficients of the derivative and the reagent is sufficiently 

large, separation by liquid-liquid extraction prior to detection is  
possible. In such an extraction detector the eluent flow is segment- 

ed with non-miscible solvent plugs into which derivative or reagent 
partition; the plugs also serve to diminish band broadening ( 103). 

Post-column photochemical reactors have been applied to im- 
prove the fluorescence detection properties of selected groups of 
compounds (104, 105) .  The simplest way of achieving this is by UV 

irradiation of the HPLC effluent flowing through a reactor coil with 
good U V  transparancy (e .g .  teflon). The tubular reactor system 
can be coiled around the U V  source. The selectivity of this detec- 

tion principle is very high, because interference can only be 
caused by compounds that co-elute with the solute of interest and 
undergo a fluorescent derivative producing photochemical reaction 
as well. Furthermore, photochemical reagents added to the eluent 

can increase the applicability of this type of reaction detector. For 

instance, aldehydes, aliphatic alcohols and ethers can be detected 

by the addition of a sensitizer, anthraquinone-2,6-disulfonate, to 
the mobile phase of an RP HPLC system (106, 107). This reagent 
is reduced by the aliphatic oxygen containing compounds in a 
photochemical reaction resulting in the formation of the highly 

fluorescent hydroquinone. 

FLUORESCENCE INTRODUCING REAGENTS AND METHODS 

A great number of drugs in biological materials has been de- 
termined with high sensitivity using HPLC-fluorescence methods as  
can be seen in the TABLES IV and V .  However, it i s  not always 

possible to obtain satisfactory results in the determination of com- 
pounds in complex biological materials, due to the influences of 
several external factors. 
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812 LINGEMAN ET AL. 

TABLE I V  
(B IO- )ANALYTICAL APPLICATIONS OF LIQUID CHROMATOGRAPHY 

WITH NATIVE FLUORESCENCE DETECTION 

I. ACIDIC COMPOUNDS 

Reference ComDouid(s1 Sample Clean- t ," HPLC 
-r . .  

I-a Carboxyi ic acids 
Bromo- Lasalocid 
_ _ _ _ _ _ _ _ _ _ _  __._____ 

Carprofen 
Gentisic acid 
Gibberell ins 
Hippur ic acid 
Ibuprofen 
3-Indolacetic acid 

lndomethacin 
lsoxepac 
Lonazolac 
Naproxen 
Salicylic acid 

Vanillylmandelic acid 

I-b Phenolic compounds 
Alkylphenols 
Capsaicin 

0-C resol 
Meptazinol 
1-Naphthol 
Phenols 
Salicylamide 

I-c Miscellaneous 
Atracur ium besylate 
Porphyr ins 

___.._.__.______. _ _ _ _ _ _  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

plasma 
plasma 
ur ine  

ur ine  
plasma 
ur ine  
ur ine  
ur ine  
ur ine  
plasma 
serum 
plasma 
plasma 
ur ine  
u r ine  

blood 
tissue 
u r ine  
plasma 
blood 

plasma 

plasma 
f lu ids 
u r i ne  
u r ine  
blood 

1 ml 
1 ml 

1 ml 
1 ml 

.05 ml 

.2 ml 

.4 mi 
1 ml 
.2 ml 
.01 ml 
.01 m l  

5 m l  

10 ml 
1 ml 
.25 ml 

1 ml 

2 ml 

.025 ml 
10 ml 

.1 ml 

b 
b 

a 
a 

b 

b 
b 
C 

d 

a 
a 
d 
b 
b 

d 

b I c  
a 

RP 299 
NP 300 
RP-PI 301 
RP 302 
NP-PI 303 
RP 304 
I E  305 
RP 306 
RP-PI 307 
RP 308 
RP 309 
RP 310 
RP 311, (312) 
RP 311 
RP-PI 301 
RP-PI 313 

NPlRP 314 
RP 315 
RP 315 
NP-PI 303 
RP 316 
RP 317 
RP 318, 319 
RP 320 

IE 321 
RP 322 
RP 323. 324 
RP 325, 326 
RP-PI 327, (328) 

II. AMPHOTERIC COMPOUNDS 'L1, ean- HPLC Reference Compound( s) Sample 

I l - a  Amino acids 
H ydrox  yphenylalanine 
- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

RP 329 
Pheny la lanine 
Tryp tophan 

plasma 
b ra in  
plasma 
u r ine  

m-Tyrosine plasma 

11-b Miscellaneous 
Aminobenzoic acid plasma 
Aminosalicylic acid plasma 

u r ine  
plasma 

Bumetanide plasma 
u r ine  

Furosernide plasma 
u r ine  
plasma 
u r ine  

C lybur ide  serum 

----- - - - -_________ 

2 mi 

.02 ml 

.02 ml 

2 rnl 

.1 ml 
1 rnl 
1 ml 
.1 ml 
.2 ml 
.2 mi 
.5 ml 
.5 ml 
.2 ml 
.5 ml 

1 mi 

a 
a 
a 
a 

a 

a 
a 
a 
a 

a l b  
a l b  
d 
d 

a l b  
a l b  
b 

RP 330 
IE  331, 332 
RP 333, (334) 
RP 333 
RP (P I )  335, 336 
RP 330 

RP-PI 337 
NP-PI 338 
NP-PI 338 
RP-PI 337, 338 
RP 339, 340 
RP 339, 340 
RP 341 
RP 341 
RP 342, 343 
RP 342, 343 
RP 344 

(continued) 
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FLUORESCENCE DETECTION IN HPLC 

TABLE IV (continued) 

813 

Clean- 
Compound ( 5 )  Sample up HPLC Reference 

Metolazone plasma 2 ml d RP 345 
u r i ne  .5  ml b RP 345 

Piretanide 

Sul fapyr id ine 
Sulfasalazine 
Sulpir ide 

plasma .5  ml d RP 341 
u r i ne  .5  ml d RP 341 
plasma a RP-PI 346 
plasma .5  ml a RP-PI 346, 347 
serum 4 ml b RP 348 
u r i ne  1 ml b RP 348 

I l l .  BASIC COMPOUNDS 
Compound(s) Sample c?epan- HPLC Reference 

I l l - a  Amines 
Al izapr ide 
_ _ _ _ _ _ _ _ _ _ _ _ _  
Amiloride 

Amines 
Apomorphine 
Aptazapine 
Carbamazepine 

Chloroquine 

Chlorpromaz ine 
Citalopram 

Codeine 
Desipramine 
D i h y d r w r g o t  alkaloids 

Ergomet r ine  

Ergot alkaloids 
Fleca in ide 

Fostedil 
Claucine 

Harmane alkaloids 
lmipramine 
Ketanserin 

LSD 

Mex i let  ine 
Mianserin 
Nafazatron 

Nafimidone 
Norverapamil 
Ochratoxin 
Opiates 
Oxytocin 

Pimozide 
Pipotiazine 

Prajmaline 

plasma 
plasma 
u r ine  

plasma 
plasma 
plasma 
u r ine  
plasma 
u r ine  

plasma 
u r ine  
plasma 
plasma 
plasma 
plasma 

plasma 
plasma 
blwd 
plasma 
plasma 
f lu ids  
plasma 
u r ine  

plasma 
plasma 
u r ine  

u r ine  
plasma 
plasma 
plasma 
plasma 
plasma 
plasma 

plasma 
plasma 
ur ine  
plasma 

1 ml a RP 
. 1  ml b RP 
.05 ml b RP 

NP 
1 ml d RP 

.5  ml b RP 

. 2  ml a RP 
a RP 

1 ml c l d  NP 
. 1  ml d NP 

NP 
1 ml b RP 

. 2  ml b RP 
2 ml b RP 
2 ml b RP 
5 ml b NP 
1 ml b RP 

IE  

3 ml d RP 
.05 ml b NP 

1 ml a RP 
1 ml b RP 

c RP 
1 ml d IE 

. 1  ml b NP 

. 2  ml b NP 
RP 

2 ml bld RP 
1 ml bld RP 

.1 ml b RP 
I E  

d RP 
.05 ml b NP 
. 5  ml b RP 

1 ml b NP 
1 ml d RP 

.05 ml d RP-PI 

. 1  ml b NP 

RP 
IE 

RP-PI 

RP-PI 

RP-PI 
1 ml d RP 
2 ml b NP 
2 ml b NP 
1 ml c NP-PI 

349 
350 
350 
351, 352 
353 
354 
355 
355 
356, 357 
356 
358 
359,360 
360 
361 
362 
363 
364 
365 
365 
366 
3 6 1  
368 
369 
370 
371 
372 
372 
373 
362, 374 
375, 376 
375 
377 
378. 319 
367 
354 
380 
381 
382 
352 
383 
384 
365 
365 
385 
386 
386 
387 

(continued) 
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814 LINGEMAN ET AL. 

TABLE IV (continued) 

Compound I s  ) 
Clean- 

Sample UD HPLC Reference 

Prazosin 

Pyrimethamine 
Quinidine 

RO 11-2465 
RO 12-6995 
Sulmazole 
Thiabendazole 
Thiazides 
Tiodazosin 
Tr icyc l i c  antidepressants 
Trimipramine 

Verapamil 
UK-33274 

f lu ids  
plasma 
plasma 
plasma 
plasma 
ur ine  
serum 
plasma 
plasma 
f lu ids 
serum 
u r ine  
plasma 
plasma 
plasma 
plasma 
f lu ids 
plasma 
plasma 

Alprenolol 
Atenolol 
Buni t ro lo l  

Celiprolol 

FM-24 
lndenolol 

Labetalol 
Metoprolol 

Nadolol 
Penbutolol 

Pindolol 
Prenalterol 
Pronethalol 

Propranolol 

Sotalol 

Xamoterol 

I I I-c Phenylethylamines 
Catecholamines 
---------__ _ _ _ _  _ _ _ _ _ _ _  

L-dopa 

plasma 
u r ine  
plasma 
plasma 
plasma 
ur ine  
plasma 
ur ine  
plasma 
plasma 
ur ine  
plasma 
plasma 
plasma 
plasma 
u r ine  
f lu ids  
plasma 
u r ine  
plasma 
u r ine  
plasma 
plasma 
plasma 
u r ine  
f lu ids  
plasma 
u r ine  
plasma 
plasma 
u r ine  
plasma 
u r ine  

serum 
b ra in  
u r i ne  
u r ine  

1 ml 
.2 ml 

1 ml 
. 5  ml 
. 5  ml 

1 ml 
1 ml 
1 ml 

.05 ml 

.05 ml 
1 ml 

.2 ml 
1 ml 
2 ml 
1 ml 

. l - 1  ml 

.1 ml 
1 ml 

1 ml 
.05  ml 

1 ml 
1 ml 
1 ml 
1 ml 
1 ml 

. 0 5  ml 
2 ml 

2 ml 
1 ml 

1 ml 
1 ml 
1 ml 
1 ml 
1 ml 
1 ml 
1 ml 
1 ml 
2 ml 
2 ml 
1-2 ml 

1 ml 
1-2 ml 
1 ml 
1 ml 
2 ml 
2 ml 
1 ml 
.1 ml 

.01 ml 

.1 ml 

d 
a 
b 
b 

a l d  
a 
d 
b 
b 
C 
a 

a 
b 
b 
b 
d 

b 
a l b  

d 
d 
d 
d 
b 
b 
d 
d 
d 
b 
b 
b 

d 
b ld  
b 
d 
b 
b 
b 
b 
d 
d 
d 

d 
a-d 
b 
d 
d 
d 
C 
C 

a 

C 
C 

I E  371 
I7 P 355, 388 
RP-PI 389, 390 
I4 P 391 
I7P 392, 393 
RP 394 
RP-PI 395 
RP 396 
NP 397 
RP 398 
RP 399 
RP 400 
RP 388 
RP 401 
RP 362 
RP-PI 402 
I E  403 
RP 336, 404 
RP-PI 405 

NP 406 
RP 407 
RP 407 
RP 408, 409 
RP-PI 410 
RP 41 1 
RP 41 1 
RP 407 
RP 407 
RP 374 
RP 412 
RP 412 
RP-PI 413, 414 
NP 415 
RP 408 
RP (PI)  409, 416 
RP (PI )  416 
I E  371 
RP 41 7 
RP 41 7 
RP-PI 418 
RP-PI 418 
RP 419 
RP 419 
RP 420, 421 
RP 422 
I E  371 
RP 423. 424 

RP-PI 425, 426 
RP 427 
RP 427 
RP 428 
RP 428 

RP 411, 424 

I E  429 
NP 430 
RP 431, 432 
RP 433 
RP-PI 434, (435)  
I E  436 

(continued) 
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FLUORESCENCE DETECTION IN HPLC 

TABLE IV (continued) 

815 

~~~ 

Compound ( s Sample 'lean- un HPLC References 

lndoles 

lndoramin 
Metanephrines 
Serotonin 

serum .01 ml a 
u r i ne  10 ml a 
plasma 1 ml b 
ur ine  10 ml d 
bra in  d 

a 
plasma 2 ml a l d  
tissue a l d  

NP 
RP 
RP 

IE 
RP 
RP 
RP 

RP-PI 

430 
437. 438 
439 
440 
331, 332 
441 
333, 419 
334, 442 

Terbutal ine RP-PI 435 

IV .  NEUTRAL COMPOUNDS 
Cornpound(s) Sample Clean- HPLC Reference 

Af latoxins u r ine  b NP 443, (444) 

Alkylphenol  ethoxylates NP 447 

Psoralene plasma 1 ml b RP 448 

"P 

serum 1 ml b RP 445, (446) 

Napropamide blood .25 ml b RP 317 

Anti tumor ant ib iot ics 
Anthracycl ines 

Aclacinomycin 
Adriamyc in 
Daunorubic in)  

Carminomycin 
4-Demethoxydauno- 
rub i c in  
4 ' -Epidoxyrubic in 

BD 40 

Bisantrene 
El l ipt ic ine 
Etoposide (VP- 16) 
Harr ingtonine 
Melphalan 
Teniposide ( VM- 26) 

Es t r io l  

Estrogen 
Ethinylestradiol  
Mestranol 
Zearalenol 
Zearalenone) 

v-c- 5J?P!d_s 

f lu ids  
( rev iew)  
plasma 
u r ine  
plasma 
plasma 
plasma 
u r ine  
plasma 
serum 

plasma 
plasma 
plasma 
u r ine  
plasma 
u r ine  
f lu ids  
blood 
plasma 
plasma 
plasma 
plasma 

plasma 
u r ine  

plasma 

V. VARIOUS GROUPS OF DRUGS 

Sample 'lean- HPLC Reference UP Compound( 5 )  

V-b  Cy_tgstat_ii_c_s 
A D C A  - 

1 ml d 

1 ml b 
a 

.1 ml b 
b 

. l  ml a l d  
2 ml b 

1 ml d 
.6 ml a 

2 ml d 

1 ml b 
2 ml b 

. 5  g b 
1 ml b 
1 ml a 
1-3 ml d 
1 ml b 

C 

.5 ml 
2 ml b 

2 ml d 

RP 449 
450 

RP 451 
RP 451, 452 
RP 453 
NP 454 
NP (PI )  455 
RP 456, (457) 
RP 458, 459 
RP 460 

RP 461 
RP 452 
RP 462 
RP 452 
RP-PI 450 
RP-PI 450 
RP 463 
RP 464 
RP 465, (466) 
RP 467 
RP 468, 469 
RP 465, (466) 

RP 470 
RP 47 1 
NP 472 
RP 473 
NPIRP 474 
NP 475 
RP 476 

(continued) 
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TABLE IV (continued) 

LINGEMAN E :' AL. 

~~ ~ ~ 

Clean- 
Compound(s) Sample u p  HPLC Reference 

V!!! v LtV!Ln-% 
Menaquinones N P l R P  477 
Riboflavin ur ine  .01 ml - R P  478. (479) 
Tocopherols plasma .05 ml a N P  480 

l iver . 8  g b R P  48 1 

Vitamin A serum .5 ml b N P  484 
Vitamin 82, 8 3 ,  8 6  IE 485 
Vitamin 6 2  blood 1 ml a RP 486 
Vitamin B6 blood 1 ml a N P  487 

tissue 1 g a R P  488 
Vitamin E N P  489 

plasma . 0 5  ml a l b  R P  482, 483 

Derivatization with apolar reagents, shown in TABLE 111, in- 
volves the use of organic solvents. The application of these organic 
solvents is not directly compatible with aqueous biological materials. 
Therefore, the water-soluble derivatization reagents deserve more 
attention in order to solve this problem. 

A s  mentioned before the ideal fluorescence derivative is rapid- 
ly formed under mild conditions, preferably at room temperature 
without significant formation of side products. Not all derivatization 
reactions utilized in characterizing organic compounds meet these 
requirements and modifications of the reaction conditions without 
losing the fluorescence sensitivity in HPLC analysis are  often neces- 
sary. The parameters influencing the reaction rates a re :  concen- 
tration and stoichiometry ( 108), temperature ( l o g ) ,  solvent (110 ,  

111) and substituent effects (112 ,  113). These factors are discuss- 
ed in a review of Morozowich and Cho (114) as  an aid in the de- 
velopment of optimal reaction conditions. 

Fluorescence Introducing Reagents 
The most frequently used fluorescence int7oducing reagents 

are surveyed in the next paragraphs. In the discussion the follow- 
ing aspects will be reviewed: selectivity for different functional 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



817 FLUORESCENCE DETECTION IN HF'LC 

TABLE V 
I010 IANALYTICAL APPLICATIONS OF LIQUID CHROMATOGRAPHY WITH FLUDRESCENCE DERIVATIZATION 

I. ACIDIC COMWUNDS 

Compoundlrl Sample c1c.n u p  HPLC Fluoresceme mlhod Refe,e"Cl 

8-Hydroxyquinoline 
Phenols 

Warfarme 

plasma 

serum 
serum 

Yr1"e 

ur ine 
p1..m. 
plasma 
"cine 
plasma 
" l ine 

plasma 
I C r Y m  

serum 
"rlnc 

seminal fluid 

plasma 
ur ine 

ur ine 

"71°C 
plarrnalurine 

blood 
C l p l o p r i l  plasma 
Cyrleine dertvalivcs plasma 

",I"* 

. I  ml 
, I  ml 
.01 ml 
.I mi 
.1 ml 
. 5  m1 

.1 ml 

. 5  mI 
1 ml 

I ml 

. I S  ml 
1 ml 

. 3  ml 

.1 ml 

. I  ml 

.05  ml 

.Ol ml 

. I  ml 

. I  ml 

. 5  ml 
1 ml 

10 ml 

5 ml 

I rnl 
.02 ml 

1 ml 
1 ml 
5 ml 

, 2  ml 

1 rnl 

. 5  ml 

d 
d 

C/d 
d 
b 

b 

d 

b 

b 
b 

d 
d 

d 
d 

b 

d 
d 

b 

b 

b 
b 
b 
d 
d 

RP 
RP 
RP 
RP 
RP 
RP 
RP 
NP 
RP 
RP 
RP 
RP 
RP 
RP 
RP 
RP 
RP 
RP 
RP 
RP 
NPlRP 
NP 

IE 
RP 
RP 
RP 
RP 
RP 
RP 
RP-PI 
NP 
RP 
RP 
RP 
GPC 
NP 
RP 
RP 
IE 
RP 
NP 

NP 
RP 
IE 
RP 
NP 
NP 

RP 
RP 
RP 
RP 
RP-PI 
RP-PI 
RP-PI 
RP 
IE 
IE 
IE 
IEIRP 
RP 
RP 
RP 
RP 
RP 

P i s  - 9-Aminophenanlhrene 
Pie - I -Anthroy ln l l r l lc  

P i c  - Dns-H 
P r r  - 01-Mmc 
P i e  ~ HMA 
Pie - DANE 
Pie ~ Br-Mac 
Pre - Br-Mdmc 
Prc - 01-Mmc 
P i e  - D-Mmc 
Pre - 01-Mmc 
P i c  ~ 9-Amlnophenanlhrene 
Pre . ADAM 
Pre - 9-Amlnophsnanlhrene 
P i e  - Br-Mmc 
Pie - 9-CIMA 
PlC ~ DAP 
P i e  - Naphlhacylbromlde 
Pre - Br-Mmc 
Prc - Dnr-CI 

Pol l -  O r l d a l i m  
PIC . HMA 
Post- Hydrolysis 
Post- Hydrolysis 
P ie ~ Deacylalion 
Pie ~ Daacylalion 
Pre - o-Phenylenedlamine 

PIC - DANE 
Pic  ~ ADAM 
Pre - UH2S 
Pre - .HIS 
Prc ~ ADAM 
Prs - 0 1 - M ~  
Pro - Br-Mac 
P i e  ~ P a n r y l b r r m i d e  
Post- I - C y a ~ ~ ~ e l a m l d e  
P i s  - Br-Mmc 
P i e  - Dnr-CI 

Post- I r r a d l a l i m  
PlS - Dn.-CI 
Pal- Melalchelales 
Po.1~ O x l d a l l m  
Prs - Dnr-CI  
Pol l -  AEldlBaie manipulation 

Pre - B r M n r L I y l p y r o n c  
P r r  - B l o m M c l y l p y r e n c  

Pre - O-Phenylenediamine 

Pre - Br-Mmc 
Prc - Dnr-CI 
P m  - PM 
Prs - HAM 
Prc - DACMIPM 
P i c  ~ OPA 
Pol l -  NCDA 
P i e  - NAM 
Pre - Dns-CI 
Post- Llg.nd-axchange 
P091- OPA 
Pre - Manabrobinane 
Pre - Dn.-A 
Pie - NAM 
Pre - OPA 
Pro - SBD-F 
Pro - NHI-SBD-F 

190 
292 
161 
261 
152, 191 
192 
21 

IS1 
203 

2 5  
"PI 
101 
193. 190 
190 
257. 258 
163 
191. 1191) 

2" 
28  

259 
193 
129 

195 
13 
196 
196 

8 1  
81 

166, U97 
198 
I51 
199 
I70 
170 
500 
501 
203 
160 
I 8 U  
192 
I19 

501 
1 82 10 

503 
113 

19 

195 
501 
187 
I 85  
188 
505. I5061 
156 
183. 15071 
508 
87 

150 
171, 172 
I." 

I10 

11. AMPHOTERIC COMWUNOS 

Com-ndlsl Samole Clean-uo HPLC Fluorsrcence method Reference 

plasma 
w i n e  

IE 
IE 
IE 
IE 
IE 
IE 
NP 
NP 
RP 
RP 
RP 
RP 
RP 
RP 
RP 
RP 
RP 
RP 
RP 
RP 

Post- F lur  
Post- NBD-CI 
Port- Nlnhydr in  
Post- OPA 
Prc - OPA 
Prc - Fyrldoxal 
Post- Flu, 
Pre - Dns-CI 

Po.1- DPA 
Post- Phenyli iolhiocyanates 
Pie - Dna-CI 

Post- FIW 

P i e  Flur 
Pre FMOCCI 
Pre - NBD-F 
Pra - NBD-OCH3 
P i c  NCDA 
PTC - OPA 
Pre - OPA 
Pre - OPA 

510 
110 
511 
511. 513 
511. 515 
516 
178 
517 
518. 519 
2'47. 520 
179 
118. 1 1 5 2 1  
173 
5 2 2  
216 
108 
1 5 7  
5 1 3 .  511 
5 2 5 .  516 
136 .  517 

(continued) 
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818 LINGEMAN ET AL. 

TABLE V (continued) 

_ _  
Compoundis) Sample Clean-up HPLC Fluorescence method Re(erc"l5 

Post- Flur 518 
Post- OPA 519 
Prc ~ D n r ~ C l  530 
Pie ~ Flur 111 
Pre OPA 531 
Pre SNA 1 8 3  
Pre ~ OPA 532 
Pre ~ OPA 531 

Yd"L  

VM-09138 plasma 

d RP-PI 
RP-PI 
RP-PI 
RP-PI 
RP-PI 
N P  
I C  ... 

b IE 

.01 ml RP 

. 0 1  mi RP 
RP 
I€ 
RP 
RP 

d RP 
d RP 

RP 

IE 
RP 
RP-Pl 

.01 ml RP 

. 5  ml b RP 

. 5  ml b R P  

.I mI R P  

.I ml RP 

.I mI IE 
I ml RP PI 

I ml IE 
I ml b NP 

Pre OPA 
Post NBO CI 

Pre NBD CI  
Post OPA 
Pie OPA 
Pie Dns CI  

Post OPA 

Prs - Dnr-CI 
PIC - 0"s-Ci 
Post NBD-CI 
Pie ~ D n s ~ C I  
?re ~ OPA 
 post^ OPA 
m.1 OPA 
PIC Oxidation 

532 
110 
534 
107 
535 
536 
537 
137 
538 
110 
539 
140. 5UO 
541 
5U1 
5u1 

post- OPA 543 
Pre - Dns-CI 544 
Pre - OPA 5 3 1  
Pre ~ F lur  545 
Pre ~ Acetyiallon 5u6 
Pre - Acetylalion 546 
Pre ~ DPA 541 
Pre ~ OPA 541 
Post- Flur 548 
Post- OPA 549 
Post- OPA 5u9 
Pre ~ B n r ~ C i  1u2 

111. BASIC COMPOUNDS 
Compoundisl Sample Clean-up HPLC Fluorescence method Refsrence 

Ammo-flunttrazepam 
Antihistamine derivatives 
Atropine 
Bcrtatin 
Biopterinr 
Bradylcinin 
Bromophmiramme 
Crphaelinr 
Chloropknirarnine 
Clobaiam 
Ciovoraminc 
C V -  1808 

C y s t m i n e  
C Y S t l W  

Demorepam 
Diqilalis glycorider 
Dlhydromorphine 
Emctinc 

Endrabzinc 
Ergot alkaloids 
Ergotimine 
Fcnt+ndamle 
Fluvoxminc 
Guanadrel 
Guanidino cmpounds 

Heplaminol 

Hexmamine, 

Histamine 

Hydroxyatrarinc 

Le"CI.01 

Maprotilmc 
Melaormine 
N 4elhylcarbamater 
Methadone 

blmd 
plasma 

serum 

w i n e  

",me 
serum 

serum 
wine 

s.)r"m 
" l ine 
serumlurme 

"ll"e 

plasma 
plasma 
",I"= 

serum 

serum 

plasma 

plasma 

wine 

Yrme 

"rune 

ur,ne 
plasma 
blmd 
tissue 
Urine 

pla'ma 
Yrl"e 
plasma 
" l ine 

plasma 

.I mI 

. 02  .I 

1 mi 

1 ml 

I m1 
I mI 

.I ml 

.I mI 

5 ml 

9 ml 

. 05  mi 

. I  mi 

. I  ml 

_I mI 
.01 ml 

50 ml 

1 mI 
. 5  ml 

I mI 

.I mI 
.01 ml 
. 5  ml 
. 5  mi 

1 ml 

d 

0 
d 

a 

b 

b 
b 

aIb 

d 
d 

c l d  

d 
b 

d 

RP 
RP 
RP 
RP 
RP 
RP 
NP 
RP 
IE 
RP 
RP 
NP 
R P  
RP 
RP 
NP 
NP 
IE 
RP 
RP 
RP 
RP 
NP 
NP 
RP-PI 
RP 
RP 
NP 
RP 
RP 
RP 
I E  
IE  
IE 
RP 
RP.PI 
RP 
RP 
IE 
IE 

RP 
RP 
RP-PI 
RP-PI 
RP-PI 
NP 
RP 
RP 
RP 
RP 
RP 
IE 
RP 

Pre ~ NBl~SOICl 
Post- QAS 
Prc - Mbp 
Pie - N B W F  
Pre ~ Flur 
Pre - NCF 
Post- DAS 
Prc ~ Oxidation + DBB 

Pie - Flur 
n 

Po& DAS 
Pie ~ Dnr-CI 
Post- DAS 
Post- Irradiation 
Post- Dns-CI 
Pre - Propionic anhydride 
Pre . Propionic anhydride 
Pol l -  DPA 
Pie ~ OPA 
Pie - OPA 
 post^ Irradiation 
Post- Dchydrcascorbic acid 
Pre - Oxidation 
Prr - Dnr-CI 
Pie - Oxidation 
Prc ~ Formic acid 
Post- I r r s d i a t b n  
Post- DAS 
Port- Irradiation 

Pre - Acstylacetme 
Post- Benzoin 
Post- Benzoin 
P o s l -  Ntnhydr in  
Post- Benzoin 
Post- F'henanlhrancqumme 
Prc ~ OPA 
Pre - OPA 
Post- 1-Cyano.cttamide 
Past- 1.  U-Pentanadlone 
formaldehyde 
Pre - OPA 
Prc ~ OPA 
Post- OPA 
Pre ~ OPA 
Pre - OPA 
Post- DAS 
Prc - DAS 
Prr  - OPA 
Pro - OPA 
Pic - Dns-CI 

Port- D ~ S - C I  

11u 
103 
181 
214 
115 
1 1 9  
550 
193 
551 
552 
553 
111 
553 
105 
111 
514 
5 %  
155 
229 
119 
356 

8V 
557 
111 
558 
159 
560 
550 
105 
1 2 2  
561 
562 
561 
563 
56U 
565 
566. 567 
566 
568 

569 
570 
571 
5 7 1  
513 
574 
550 

85 
566 
566 
130 
130 
575 
576 

(continued) 
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FLUORESCENCE DETECTION IN HF'LC 819 

TABLE V (continued) 

C o m p u n d l  11 Sample C l e a n ~ u p  HPLC F I Y ( I ~ C S E ~ ~ C C  method Reference 

SerUrn . I  ml RP Pre - Dns-Ci 577 
RP Prc - Dnr-CI 578 
NP Pie ~ Dnr-Cl IIY 

" r i m  5 ml b NP Pie ~ Oxidation 557 
blmd 1 0  rnl d RP Post- Oxidation 579 

1 mi b RP Post- Oxidation 579 
Nalorphine b l m d  1 0  ml d RP Post- Oxidation 579 

w i n e  I ml b RP Post- Oxidation 579 
Nitroraminen NP Pie ~ NBD-Cl 580 
Pcrhexillnc maleaat plasma I mI b RP 581 

RP Port- Irradiation 556 
RP post- OPA 581 

Phcnothmzines fluids 
Phenylpropanoiamlnc ur ine I ml 
Pol yammes piasma d IE Post- OPA 583 

"rille I rnl lb IE Post- OPA Ian. 383 
Y I l I W  NP Pre - Dns-CI 586 
ur ine . I  ml RP Pre - Dn%-CI 116. 387 
serum . 5  ml d RP Pie - F iur  I60. 388 
ur ine .I I 1  d RP Pre - Flur 160 

RP Pre - OPA 589 
RP-PI Pre - Dns-CI 127 

f luids d RP-PI P ie - Flur 590 
RP-PI Port- OPA 591. 592 

I€ Pro ~ FMOCCI 118 
I€ Pie - NBD-F 595 

121 RP 
RP Post- OPA 1U7 
RP Pic  - MDPF 596 

Melhadoire 
Monosodium glulamatc 
Morphine 

Post- D"%-CI 

Primary am,ne, I€ Port- F I U ~  593 

Post- DWCI 

PWlnLS RP POSI- p n  manipulation 597 
Pyrirnldtner RP POSI- pH manipulation 597 
Rauwol f r  alkaloids RP Post- p-Toluentrulfonic acid 598 
ReSWpWW RP Post- Oxidation 599 

plasma 2 ml b RP-PI P i s  - Oxidation 600. 601 
Secondary m i n e s  IE P0.1- OPA 1 3 3  

IE P i e  - FMOCCI 118 
I€ Prc - N0D-F 391 
RP Post- Dnr-CI 111 
RP Pie - MOPF 596 

S E c O V W l I W  rerum 1 ml NP Posl- DAS 601 
Tamoxifen serum .01 ml NPIRP Post- Irradiation 603 

plasma I ml RP Post- Irradiation 604 

RP Pre ~ NCF 119 
Thloridaiine plasma I mi d NP Post- Oxidation 8 0 .  1 6 a 1  
Txcainide pt.,ma . 03  mI d NP Pre - Dns-CI 133 

pi..rn. . I  ml RP Pre - Flvr 1 6 3  
b NP Pre - Dnr-CI 1 3 6  

RP-PI Pie - Flur 606 
Tr imtaz ld ine p l a s m  I mI 

I H y p I X a n t h ~ n c  serum . 5  ml RP Post- Enzyme reactor 607 

fluids NPIRP Various 608 Amphetamine 
",in= . I  rnl b RP PlS - OPA 609 

Catecholamines ".,iOYS V.Ii.Y. 610. 611 
IE Post- Clycylglycine 612 
IE PO*t- OPA 613. 6 l U  
IEiRP Po.1- Acthylsnedimine 615 
NP P i e  - Flur I66  
NPIRP Pic  ~ On%-CI I25 
RP P O I t ~  OPA 6 1 3  
RP Pic  ~ Dns-CI 616 
RP P i e  ~ DPE I96 

l issuc 1 9  

PI.... I ml RP Pre - OPA 617 
ur ine b RP PTC - OPA 618 
p l a s m  2 ml b RP-PI Post- Oxidation 619 
w i n e  . I  mi d RP-PI Port- Oxidation 619 

TCrtldry =mines U l l W  I ml RP Post- DAS 85. 5 5 ,  

WR 1711 plasma .09 ml 

i i l r c ~ P h e n y k t h r ! ~ m i S  

Ephedrine NP P T ~  - nnr-ci I2U 
IE Post- nesting 610. 1 0 1 1  
RP POI(- Oi ida l lon 622 

INorIEpmephrme w i n e  5 mI 
w i n e  5 ml 

5 Hydroxyindolcr RP post- w o U  6 1 3  
lndolcr f luids IE P0.1- OPA 61U 
l loproterenol plasma 5 ml IE Post- Oxidation 615 

ur ine 10 ml IE Port- Oxidation 615 
Mclanephrincr ",-,"* 5 ml IE 616 Post- Oxidation 
5 Methoxyindoier RP Post- w o U  613 
D Norpscudoephedrmc plasma 1 ml b NP Pra - Dnr CI 627 
Phcnylcthanoiamine R P ~ P l  Port- Tr ihydro iy indale 618 
ScrOtO"," plasm. I m1 b RP Pre - Dnr-CI 621 

iV .  NEUTRAL COMPOUNDS 
Compaundlrl Sampler w L c  F l u o r e i c s ~ c  mclhad Reference 

Aflatoxmr RP 
RP 

Alcohol e lhoxy la le i  RP 
Aldehydes RP 

RP 
Aldorer IE 
A"WmCt,n. plalma 1 rnl d RP 
Carbohydrates IE 

IElRP 
RP 

Yr/"e RP 
Carbonyl compovndr RP 
Cardiac glycorider RP 
Choleslcrol RP 
Ethers RP 

post- lodi". 619 
Pre ~ TriChloroMetic acid 630 

Pre - DIH 1 9 5  
Pre - I -Anthroy ln i t r i ie  nu7 

Pre - Dimcthylcyclohciancdi~~~ 631 
Post- Z-CyanDOCetarntde 632 
Pie Acetic anhydride 633 
Post- Elhylenedmminc 63U 
Post- AFB 190 
Post- ~ h ~ t ~ ~ e d ~ ~ t i ~ ~  197 
Port- ~ ~ t ~ ~ ~ ~ i i ~ ~  Oiue 635 
Prc NBD-H 121 
Port- Photoreduction 106 
Pic ~ WMmc I O U  
Post- Photoreduclm 107 

(con t inued) 
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820 LINGEMAN ET AL. 

Hydroryl groups 

TABLE V (continued) 

throy ln l t r l le  189 
RP Pie - 0-Mm 104 
RP P m  - On$-ECF 30 
RP Pre - MCCA 16  

Monosaccharides IE Pre - l-Cyancsaucetamlde 612 
Naphthylwethanei R P  prC - 0ns-n 636 

Raducina ~ u a l r i  RP PIL ~ Dn9-H 151 
Neutral sugars NPlRP Pre ~ NIC 198 

NP Pis - Dns-H 
RP Post l-Cysnoaucelmide 
RP P i e  ~ Dnr-H 

- -  
158 
611  
15u 

Ampici l l in 
A s l r m i c i n  
Cspbdrine 
Ccphrdrine 
Cephalrlzlne I 
Eiythromycin 
Gentamkin 

Kanamycin 
0-Laclam anliblotlcr 
M k m n o m i ~ i n  
Netilmmin 

D~Penicil laminc 

Penicillin G 
Penicillm V 
Slsomicin 
Spcc l lnmycin 
1obramycin 

v,lrmln c 
Vitamin K 1  

plasm. 
plasma 
serum 
p1..m. 
serum 
w i n e  
serum 
plasma 
",he 
serum 

serum 
serum 
plasma 
serum 
plasma 
serum 

serum 

serum 
serum 

plasma 
plasma 

plasma 
plasma 

fluid. 
p1..m. 
serum 
plasma 
Wine 

serum 
",-I". 
serum 
ur ine 
",he 
plasma 

w i n e  
Y r i n C  

serum 

Y r m e  

plasma 
ur ine 
plasma 
Y r h C  
serum 

serum 

b l m d  
IlSSUe 
fluldr 
blood 
plasma 
serum 

.5 ml 

.5 ml 

. S  mI 

. 5  ml 

. I  ml 

. I  ml 
I ml 

. I  mI 

.05  ml 

. 5  mt 

. 5  ml 

. U  mI 
1 ml 

. 5  ml 

4 ml 

ml 
mi 

01 ml 
I 

I ml 
. I  mI 
. 5  ml 

I mI 

.05 m1 

. 5  mI 

. I  mI 
I ml 

10 mI 
I ml 

. 5  ml 
. 5  ml 

1 mi 

.5  ml 
I ml 

. I  ml 

. 5  ml 
, I  ml 

. 5  m1 

I ml 

1 9  I ml 

1 ml 
1 ml 

.+b 
a t b  

a*b 

b 

d 

b 

b 
d 

b 
b 
b 

b / c  
b 

d 
d 
b 

b 
b 

b 

d 

I 
d 
d 
d 

I E  1 RP 
RP 
RP 
RP 
RP 
RP 
RP 
RP 
RP 
I E  
I E  
RP 
I E  
RP 
RP-PI 
RP 
RP-PI 
RP-PI 
RP 
RP 
RP 
RP 
RP-PI 
RP-PI 
RP 
RP 

RP 
RP-PI 
RP 
NPIRP 
RP 
RP-PI 

RP 
NP 
NP 
NP 
NP 
RP 
RP 
RP 
NP 
RP 
RP 
NP 
RP 
NP 
NP 
RP 
NP NP 
NP 
NPlRP 
NPIRP 
NP 
RP 

RP 
RP 

RP 
RP 
RP-PI 
NP 
NP 
RP 

Pie ~ OPA 
Pre ~ Flur 
Prs - Degradation 
Pre - Degradation 
Post- OPA 
Pre - Oegredatlon 

Post- F lur  
Post- FIW 

Post- Tinopal 
P m  - Flur 
Pra - Flvr 
Pro - OPA 
Post- OPA 
Port- OPA 
Pie - OPA 
Pre - OPA 
Post OPA 
Port O P I  
Pre ~ SOPM 
Pre - on,-H 
Pic - F lur  
Porl- OPA 
Post- OPA 
POs1- OPA 
Po.1- OPA 
Pre - OPA 

Pre ~ 0r-Mmc 
Post- Oxidation 
Pre - Oxid i t ion 
Post- Irradiation 
Post- I r r a d i a t l m  
Pie ~ I r r a d l a l i m  

PII - Dnr-A 
Po.1- Irradiation 
Pis - 9 Anthroylnltrlle 
Pre 0ns-n 
Pla ~ 0"s-H 
Pre ~ Anthroy ln l t r i le i  
Pra - H 50 
Pic - H25OU 
Pra - 9~Anhroylnl tr l le  
Post- Glyclnimlde 
Post- Irrndiatlon 
P i t  - D n l - H  
Post- P h o l o r s d w t i m  
Pre - 3-Anlhrov ln l l r l ie  
P r r  - 0"s-H 
 post^ Bcnzamidine 
Post- Isonlszide + AIC13 
Pre - 0"s-H 
Pre ~ Dnr-H 
Pre - Dnr-H 
Prc - 0"s-H 
Prc - 9 -Anthroy ln i l r i l c  

P r r  - 0"s-H 
 post^ Bcnzamidine 
Post- Isonlszide + AIC13 
Pre - 0"s-H 
Pre ~ Dnr-H 
Pre - Dnr-H 

Pre - Br-Mmc 
Post- I r rad iat ion/Redvcl la  

 post^ Oxida l lm 
Pre ~ Oxldatlan 
Post oxidation 
Pre 0 Phcnylencdlamine 
Post Reduction 

638 
639 
640 
610 
611 
640 
6U1 
6u1 
6u1 
161 
161 
l U U ,  6UU 
645 
646 
641 
61U 
6111 
641 
186 
145 
639 
6UB 
611 
649 
650 
6U4 

194 
651 
6 5 2  
601 
604 
683 

111 
68U 
655 
141 
147 
189 
81 
656 
655 
651  
658 
659  
191  
660 
150 
661 
6 6 1  
1u8 
1 U8 
151 
151 
655 
661  

664 
665 

666. 16611 
668 
669 
61" 
611 

Poll Reduction 611  
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FLUORESCENCE DETECTION IN HPU: 82 1 

groups; properties of the formed derivative, more specifically the 
detection limit in the used HPLC system; stability of the reagents, 

labels and derivatives under the appropriate analytical conditions; 

procedure and mechanism of the derivatization reaction ; chromato- 

graphic behaviour of the derivatives, regarding the choice of the 
HPLC system and the possibility to use the derivatization reaction 

as a pre-column or post-column step in the LC analysis. 
Moreover, a short review will be presented of some recently 

developed fluorescence derivatization reagents and methods. 

Chloro forrnates 

Chloroformates (ROCOC1) are  a class of compounds known for 
their reactivity with amines and alcoholic functions (115) .  This re- 
activity is often used for the protection of these functions and to 
obtain derivatives that are suitable for chromatographic analysis, 
both GLC (116, 117) as  well as  HPLC. 

Recently the method has been adapted to a suitable one for 
the analysis of compounds with detection problems in chromato- 
graphic systems. This led to the introduction of groups with 

strong absorption and fluorescence properties ( 3 0 ,  118, 119). Ef- 
forts have been made in modifying the reagents as  well a s  the 
reaction conditions to develop more selective methods for the var- 

ious functional groups with strong fluorescing properties in order 
to achieve the lowering of the detection limits of these compounds. 

formed with three reagents from this group: 9-fluorenylmethylchlor- 

oformate (FMOCCI) (1181, 2-naphthylchloroformate (NCF) (119) and 

2-dans y le th y lc hloroformote ( Dns-E CF 1 ( 3 0 ) . 
The general reaction pattern for primary and secondary 

amines and alcohols is presented in Figure 3 ,  while for tertiary 
amines, instead of HCl, R 4 C 1  is formed after dealkylating the terti- 
ary amine. 

Fluorescence labelling of amines and alcohols is usually per- 

The procedures for labelling with FMOCCl and Dns-ECF are 
basically identical. Both reactions are performed at room temper- 
ature in ,  respectively, acetone and dichloromethane with sodium 
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PH 9 II 
R - 0 - c - N:R1-k HCI / R, . R2 

II 
R - 0 - C - C I  + HN 

R2 
ambient T 

HO - RI 

0 
II 

R - 0 - C - 0 - R ,  

Fig. 3 :  Mechanism of the fluorescence labelling with chloroforrnates. 

borate or pyridine to establish a pH around 9. Under these circum- 
stances FMOCCl reacts with primary and secondary amines, while 
Dns-ECF primarily reacts with alcoholic functions. Due to the 
rather drastical changes in the reaction conditions (keeping the 
reaction mixture in benzene at 100°C in a closed conical vial for 
1 hour) Guebitz et al. (119) achieved the derivatization of tertiary 
amines. 

Analysis of the reaction mixture reveals a good reproducibil- 
ity with derivatization yields varying from 80-100%. The reagents 
are sensitive to moisture but can be kept stable in a cool dry 
place. The stability of the derivatives is sufficient, indicated by 
a fluorescence stability of about 24 hours. 

In all cases the derivatization is carried out as a pre-column 
method. HPLC analysis is performed using either RP chromatography 
with methanol I acetonitrile- water-tetrahydrofuran mixtures as eluent s 
or anion exchange chromatography with 0.1 M fosfate (pH 6.0)  with 
25% acetonitrile as eluent. The detection limits range from 0.5 ng 
(119) to 50 pg (301 ,  due to the high quantum yields of fluores- 
cence, usually in the range of 0 . 3 - 0 . 4 .  

Dansyl Reagents 

technique for the introduction of a fluorophore into weakly or non- 
fluorescent compounds in order to permit more selectivity and sens- 

Dansylation is probably the most widely used derivatization 
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FLUORESCENCE DETECTION IN HF'LC 82 3 

itivity in the detection of these compounds after HPLC analysis. 
The dansyl ( 5-dimethylaminonaphthalene- 1-sulfonyl) group reacts 
in a simple and rapid manner with a variety of functions such as  
primary and secondary amines , hydroxylic and phenolic functions, 
thioles and, dependent on the nature of the reagent, carboxylic 
functions. The derivatization reagent in most cases is dansyl chlor- 
ide (Dns-Cl). The resulting derivative shows highly fluorescent 
properties and, after HPLC separation, enables the detection to a 
low limit. This procedure permits the analysis of a great number of 
active compounds in biological substrates,  whereas the clean-up 
steps are relatively simple. Lawrence and Frei (88, 120) as  well as  
Seiler and Demisch ( 121) reviewed extensively this derivatization 
technique. 

Ever since attempts have been made to optimize the technique 
and to use other dansyl derivatives in order to develop methodsfor 
the selective determination of various functional groups. This led to 
the development of derivatives like bansyl chloride (Bns-C1) , man - 

syl chloride (Mns-Cl), dansyl hydrazine (Dns-H) and dansyl aziri- 

dine (Dns-A) , while also a related compound N-chloro-5-dimethyl- 

aminonaphthalene-1-sulfonamide ( N C D A )  is used for the derivatiz- 
ation of several functions. 

A short review of the various reagents and their uses is given 
below. 

Dy~_sy_!. sJh_l_oy!ee <D!?El>_ 

pound reacts easily with primary and secondary amino groups,  hy- 
droxylic functions of both phenolic and alcoholic nature, and thioles. 
During the dansylation both the acetylation reaction and the hydro- 
lysis of the reagent occur competitively (122) (Figure 4 ) .  

The reaction is  performed either directly in the medium in 
which the analysis has to be carried out (solutions in water, serum, 
blood, urine samples) (123-131) or after extraction from the sample 
using different organic solvents (132-135). The reaction is perform- 

The most widely used dansylation reagent is Dns-C1. This com- 
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824 LINCEMAN ET AL. 

Fig. 4 :  Mechanism of the fluorescence labelling with Dns- CI . 

ed in alkaline solution, in the presence of sodium carbonate or tri- 
methylamine. Reaction times vary from 24 hours to 30 minutes, de- 
pending on the conditions. In general, the reaction time is shorter 
when the labelling is carried out in non-aqueous media. The deriv- 
atization yield also depends on the conditions, especially the pre- 
sence of water and the pH (125). Despite the fact ,  that not always 
a maximum yield is obtained, the reproducibility is good ( 124, 126, 
127, 136). The method is generally used as a pre-column derivatiz- 
ation technique, although also post-column dansylations have been 
investigated (122). HPLC analysis of the dansyl derivatives usual- 
ly is performed using RP techniques, although also silicagel (137) 
is tried. Usually, when chemically bonded stationary phases are 
used, the eluents consist of mixtures of methanol-water or aceto- 
nitrile-water . 

Most authors mention the fluorescence of the derivatives to 
be intense. The quantum yield of,  for example, dansylcadaverine 
is about 0.18 (29). The sensitivity of the method is good with de- 
tection limits in the sub ng  or pg regions. 

A s  mentioned earlier the reagent is subject to hydrolysis but 
the derivatives are relatively stable. The method is used to ana- 
lyse amines and amino acids (TABLES IV and V ) ,  more specifically 
in order to obtain chromatographic separation between the enantio- 
mers (128). Several amino acids give complex derivatives and fluor- 
escent by-products ( 138, 139). Furthermore, the method is applied 
in the analysis of barbiturates (1321, phenols (129, 132) and cate- 
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FLUORESCENCE DETECTION IN HPLC 825 

cholamines (TABLE V) as both phenol and amino derivatives :IS well 

as in the analysis of natural products such a s  cannabinnoids ( 1 4 0 ) ,  

estrogens and anabolic agents (131, 141)  and alkaloids (TABLE V ) .  

Bansyl chloride (Bns-C1) - - - - _ _ _ _ - - - -  
This reagent only differs from Dns-C1 with respect to the 5- 

dimethylamino function which is replaced by a dibutylamino group. 

The resulting compound is more lipophilic in nature so that extrac- 
tion from aqueous media should be simple and complete. The fluor- 

escence properties of the derivatives are similar to those of the 

dansylation products, while the method for derivatization is also 
the same. The detection limit with this method is also in the ng 
region ( 1 4 2 ) .  

&~-sycJ@_ridc (Mns-Cl) _ _ _  

Another modification of the dansyl function led to the intro- 

duction of Mns-C1, where the 5-dimethylamino group has been re- 
placed by a 5-methylphenylamino function (143), resulting in a 

more intensely fluorescing class of derivatives. The derivatization 
procedures are similar to those of Dns-C1 and Bns-C1 but the re- 

sulting derivatives show emission maxima at a shorter wavelength 
( 1 2 1 ) .  

Dansyla _ _ _ _  ___------- zir idine CDps-AJ 

Replacement of the chlorine in Dns-C1 by an aziridine func- 
tion led to the introduction of Dns-A as fluorescence label. This 
compound reacts selectively with sulfhydryl groups whereby the 

aziridine ring is opened. This requires a strongly nucleophile 
functional group (144)  (Figure 5 ) .  Other functions, having weaker 
nucleophilic properties, like phenols, amines and alcohols do not 
react. 

The reaction is performed in fosfate buffer pH 8.2 at  60° C 

and completed after 1 hour. No further isolation of the resulting 

derivative is necessary. HPLC analysis is performed using RP-18 
material as stationary phase and mixtures of acetonitrile-fosfate 
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CHa R 

Fig. 5 :  Mechanism of the fluorescence labelling with Dns-A. 

buffer pH 8 .2  as  eluents ( 1 4 4 ,  145). Amino acids containing sulf- 

hydryl groups (144)  as  well as  other thiols like penicillamine (145) 

can be analyzed with this method. 

~ansl/!-ycJr--rille__( __-- D_n_s-t 1 

yields a reagent with specific affinity to carbonyl groups, especi- 
ally in the ketosteroids (146-152) and sugars (153-155). The hydra- 

zine function reacts with the carbonyl function to form highly fluor- 
escent dansyl hydrazones that can be subjected to HPLC analysis. 
Both N P  chromatography on silica columns, using dichloromethane- 

ethanol-water mixtures a s  well a s  R P  procedures, using acetonitrile- 
water, sometimes containing low concentrations of acetic acid, arc! 
used. 

The introduction of a hydrazine function in the dansyl label 

The derivatization of the steroids is carried out in the pres- 
ence of trichloroacetic acid. Both polar (ethanol-water) and non- 
polar (benzene) media are suitable. The method is also suitable for 
the determination of bile acids after oxidation of the 3-hydroxyl 

group to a 3-OX0 function (152). 
The HPLC analysis of the hydrazones must be performed with- 

in 2 hours due to the limited stability of the compounds. The deriv- 

atization yields with the various sugars differ greatly (154), requir- 
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FLUORESCENCE DETECTION IN HPLC 827 

ing the method to be adapted for individual sugars.  Interferences 
can also be expected from other carbonyl compounds like ketones 

and aldehydes. The excess of reagent should be adapted to these 
interferences. 

N - - C ~ l ~ r @ f l ~ > ~ @ ~ < < ~  ( N - - _  C D A ) 

Dansylamide is a highly fluorescent dansyl derivative, whose 
fluorescence however, is quenched completely with sodium hypo- 
chlorite to form NCDA. This compound reacts with sulfhydryl 

groups, organic sulfides and peptides to form dansylamide. The 
fluorescence of the reaction product is proportional to the concen- 
tration of the reacting compound (156) (Figure 6 ) .  

The observation that NCDA shows fluorescence after treatment 

with amino acids (156, 157) indicates, that these compounds also 
have potency to dechlorinate NCDA. Nevertheless the fluorescence 
intensity is much higher for compounds containing sulfhydryl 
groups showing that the reaction with other groups is far  from com- 

plete. 

After RP HPLC separation of the compounds the effluent is sub- 
jected to  post-column reaction with NCDA and the fluorescence of the 

resulting dansylamide is measured and used for the assay of the 

compounds. 

FLUORESCA M I N E  and Related Compounds 
The non-fluorescent fluorescamine, 4-phenylspiroCfuran-2( 3H )- 

l'-phtha/an 1-3,3'-dione, reacts with nucleophilic functional groups 

(alcohols, primary and secondary amines and water) but it only 
forms highly fluorescent derivatives with primary amines , including 

amino acids, diamines (158) and polyamines (88, 121) .  It is routine- 

ly used for the post-column derivatization of amino acids (159), but 
also for pre-column derivatizations (160) .  The reagent has been de- 

veloped as  a result of studies of the structure of fluorescent deriv- 
atives formed with ninhydrin (161) .  

The reaction of fluorescamine with primary amines for a pre- 
column derivatization (Figure 7 ) ,  proceeds at pH 9 at room temper- 
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2 R - S - H  

R - S - R ’  

O H  
II I 

- C  - N- 

R - S - S - R  

R -  S -R’ + 
0 

0 CI 
II I 

- C  - H -  

non- fluorescent f I uorescent 

Fig. 6 :  Mechanism of the reactions with NCDA. 

Jo \ 

0 

Fig. 7 : Mechanism of the fluorescence labelling with fluorescamine. 

ature, with a reaction time of about one second. The excess re- 
agent is hydrolyzed to non-reactive , non-fluorescent , water-soluble 
products with a reaction time of several st?conds (31, 162) .  

The derivatization of the majority of the primary amines is perform- 
ed by dilution of an aqueous solution of the amine with borate or 
fosfate buffer (pH 7.5-9) and addition of a fluorescamine solution 

in ethanol, acetonitrile or acetone. The derivatives are  separated 
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FLUORESCENCE DETECTION IN HPX 829 

on, for example, RP HPLC systems (TABLE V). The derivatization 

yield is 80 to 95 percent with good reproducibility. 
The quantum yields of the amine derivatives in ethanol are 

normally in the range of 0.2-0.34 (31) and the fluorescence effici- 
ency is constant in the pH region of 7.5-10 (163), but is depend- 

ing on the nature of the solvent in which the fluorescence is meas- 
ured. The method is useful for samples containing 5 ng of ,  for ex- 
ample, catecholamines ( 164, 165). Rapid addition and mixing is es- 
sential because the fluorescence intensity decreases rapidly at room- 

temperature (163). The use of acetone as  solvent for fluorescamine 

led to the formation of the Schiff base. For a quantitative reaction 

the molar excess of fluorescamine must be 10-40 (167) and the ace- 

tone or acetonitrile concentration of the mixture must be at  least 
30 percent. 

Secondary amines do not yield fluorescence products with 
fluorescamine, but Weigele et  al. (168) have shown that secondary 
amines can be converted to detectable primary amines by N-chloro- 

succinimide. Sterling and Haney (169) have shown that conditions 
can be found for the selective reaction of aromatic amines with fluor- 
escamine in the presence of aliphatic amines. 

Closely related in structure and reactivity to fluorescamine is 
2-methoxy-2,4-diphenyl-3( 2 H)-furanone (MDPF). Both primary and 
secondary amines react with MDPF in acetonitrile (170, 171). The 
primary amines produce fluorescent pyrrolinones and the secondary 

amines form the non-fluorescent aminodienones, which can be con- 
verted to fluorescent products with ethanolamine. The derivatives 
are separated with RP chromatography. The excess of the reagent 
can be easily hydrolyzed with water and the detection limit of 
simple alkylamines is 3 pmol. The stability of the derivatives is 
sufficient for LC analysis. 

The use of fluorescamine as a pre-column derivatization re- 

agent for amino acids has been investigated (172-174) and these 
investigators found that HPLC of the derivatives gave two peaks, 
due to an equilibrium reaction involving lactone formation between 

the free carboxylic acid group and a proximal hydroxyl group. 
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830 LINCEMAN ET AL. 

The pre-column derivatization is used for the analysis of drugs 
in biological fluids. Sumirtapura ( 175) described the pre-column 
derivatization of 7-aminoflunitrazepam directly in the mobile phase 
of an RP HPLC system. 

The main application of fluorescamine is the post-column deriv- 
atization after IE separations ( 1 7 6 ,  177) .  In an amino acid analyzer 
the HPLC column effluent is buffered and then fluorescamine in 
ethanol or acetone is added. The sensitivity of this type of analy- 
sis is about 5 ng ( 1 7 8 ) .  

Maleimides 

Sulfhydryl groups react selectively with maleimide derivatives 
to form adducts, a phenomenon recognized in the literature for a 
long time ( 179-182).  The reaction mechanism is shown in Figure 8 a .  
These adducts are  subject to rearrangement reactions. The rear- 

ranrement of the reaction product of the cysteine ethyl ester de- 
rivative is presented in Figure 8b .  

as substituent led to the synthesis of a class of fluorescent thioles 
suitable for the analysis of these compounds with good selectivity 
and sensitivity. Several fluorogenic groups were introduced for 
this purpose, such as  the p-( 2-benzimidazo/y/)pheny/ (BIPM)( 179) ,  
the 1-anilinonaphthyl (ANM)( 1801, the 7-dimethylarnino-4-methylcou- 

marinyl (DACM)( 181) ,  the 1-pyrene (PM) ( 1 8 2 ) ,  the 9-acridinyl (NAM) 
(183-185) and the p-(2-benzoxazo/y/)pheny/ (BOPM)(186) functions, 
each leading to the occurrence of fluorescent sulfhydryl derivatives 
with different maxima of excitation and emission. Thus it is possible 
to adapt the method for compounds with native absorptivities and 
to increase the selectivity and sensitivity. In all cases the male- 
imide reagents themselves do not show a significant fluorescence 
while the resulting derivatives generally have high quantum yields 
(179-181).  be it that these quantum yields are highly dependent on 
the solvent, 

The use of maleimide derivatives with potential fluorophores 
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8a 0 

S- R, 

R,-N$+ H S - R R ,  R, - N$, 

0 0 

0 
II 

R, -NH - C -  CH, 

0 I 

I 
COOCpHs 

HIN - CH 

I 
CH 

o=cO 's 

Fig. 8a: Mechanism of the fluorescence labelling with maleimides. 

b:  Rearrangement of the derivatized cysteine ethyl ester. 

Most publications on the analysis of thiols with this method 
use pre-column derivatization techniques and separation of the de- 
rivatives by RP chromatography with water-methanol or methanol- 
buffer mixtures (183, 185, 187, 188). The derivatization is performed 

directly in the biological fluid ( i .e .  plasma, serum, or  ur ine) ,  using 
a 5-10-fold excess of the appropriate reagent. The sample general- 

ly is subjected directly to LC after dilution with the mobile phase. 
The sensitivity is in the order of 10-100 pmol/ml. 

A post-column derivatization method for the fluorimetric ana- 
lysis of thiols is also described (184). After separation of the com- 

pounds on an RP system derivatization is performed with NAM. The 
sensitivity and reproducibility are  similar to the pre-column methods. 

Methoxycoumorin Derivatives 

At the moment a great number of methoxycoumarin derivatives 
is used for the fluorescence labelling of acidic functions. The most 
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widely used reagent 4-bromomethyl-7-methoxycoumarin (Br-Mmc) , is 
introduced by Duenges (189)  and is used for the derivatization of 
dicarboxylic acids ( 190) ,  fatty acids ( 1 9 1 ,  192) ,  gibberellins ( 1931, 

imides (194 ,  195) ,  a-keto carboxylic acids (1901,  different types of 
organic acids (196)  ar.d phenols ( 1 9 6 ) .  

The general procedure is simple. The derivatives are prepared 
by adding 5.0 mg Br-Mmc, 1 . 0  mg crown-ether and 25 mg K 2 C 0 3  to 
a solution containing 0.5 mg of the acid in 20 m l  aceton. The mix- 
ture is refluxed for 30 min at 70° C and if necessary the excess B r -  
Mmc is treated with n-valeric acid after completion of the reaction 
( 1 9 4 ) .  The reaction scheme for the reaction of Br-Mmc with a carb- 
oxylic acid is presented in Figure 9.  

The crown-ether is used for acceleration of the derivatization 
reaction in the form of a phase-transfer catalysis ( 1 9 7 ) .  The crown- 
ether influences the solvation of the cations and therefore activates 
the anions (192 ,  198) .  The reaction rate is dependent on the kind 
of base that is used. With KOH the reaction is faster than with 
K 2 C 0 3  and triethylamine (192) .  Moreover, the solvent has to be a- 
protic (199) .  
Br-Mmc is rather unstable: it hydrolyses in the presence of water 
and also Br-Mmc h w  10 be protected from light and whenever the 
derivatization is car;.icd out in the dark the derivatization yield is 
100% ( 2 0 0 ) .  Contrary to the esters ,  Br-Mmc itself shows little fluor- 
escence. In most cases LC is performed with RP columns, although 
NP chromatography is described ( 9 1 3 ) .  The detection limit for fatty 
acids is 7 pmol ( 1 9 1 ) .  

Instead of Br-Mmc a number of other methoxycoumarin deriv- 
atives have been developed to improve the stability of the reagent, 
to change the reactivity towards other functional groups with re- 
active protons or to enhance the fluorescence intensity of the de- 
rivatives. 

4-Hydroxymethyl-7-methoxycoumarin (Hy-Mmc) is a coumarin 
derivative which reacts with carboxylic acids under the formation 
of the ester derivatives(l95). The fluorescence characteristics of Hy- 

Mmc derivatives of fatty acids are established by Lloyd ( 1 5 ) .  The 
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Br - CH, G+ 
OCH, 

KHCO, 

R -  COOH R -COO-CH, 

crown- 
ether  

OCH, 

+ KBr 

+ CO. f H,O 

Fig. 9 :  Mechanism of the fluorescence labelling with Br-Mmc. 

+f values of the esters in methanol are less than 0 . 1  but with the 
addition of water to the solvent the values rise to 0 . 4 .  In non-hy- 

drogen bonding solvents the quantum yields are less than 0 . 0 2 .  

If  Hy-Mmc is used in the presence of diethyl-azocarboxylate 
and triphenylphosphine ( 201) the reaction with carboxylic acids to 

form the corresponding esters is accelerated. 
Hy-Mmc possesses excellent storage properties and is stable for 
one year,  even in solution. 

N , N '-Dicyclohexyl- and' N , N I-Diisopropyl-0- ( 7-methoxycoumarin- 

4-y/)methy/-isourea (DCCI , D I C I )  are developed in succession of Hy- 
Mmc as labelling agents for carboxylic acids ( 2 7 ,  202) .  DCCI reacts 

readily in benzene or dioxane at 80° C without a catalyst ( 2 0 2 ) .  The 
products that are obtained are the same as those labelled with Br- 
Mmc . 
a-Keto carboxylic acids react with DCCI o r  DICI  in the presence of 
N ,N'-dimethylhydrazine in acetonitrile yielding the corresponding 
esters.  The detection limit for phenylpyruvic acid ( 2 7 )  is 10 pmol/ml. 

4-Bromomethyl- 6,7-dimethoxycoumarin (Br-Mdmc) ( 25)  is develop- 
ed a s  reagent to achieve a better quantum yield of fluorescence 
than the corresponding 7-methoxycoumarin esters.  The Qf ( 0 . 6 4  in 
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water) is not affected by the number of carbon atoms in the fatty 
acid contrary to Mmc esters.  Furthermore, the emission is only 

slightly affected by pH, ionic strength and electrolyte changes of 

the solvent. 

Pre-column derivatization with 4-bromomethyl-7-acetoxycouma- 

rin (Br-Mac) has some advantages over the use of Br-Mmc and Br- 
Mdmc. The Br-Mac derivative is separated with RP chromatography 
and in a post-column system the derivative is  hydrolyzed in alka- 
line media to a fluorophore which is the same for every carboxylic 
acid (203) .  Gradient elution systems can be effectively used in com- 
bination with this method since the composition of the mobile phase 
does not effect the quantum yield of the fluorescent hydrolysate. 
With this system the detection limit of fatty acids is in the fmol 
range. 

7-Methoxycoumarin-3-(and -4)-carbonyl azides (3-MCCA, 
4-MCCA) are synthesized as  labelling reagents for hydroxyl func- 
tions ( 2 6 ) .  The reactions with primary and secondary alcohols in 
dichloromethane yield the corresponding coumarin carbamic esters.  
The esters are separated on an RP system (mobile phase: water- 
methanol or water-chloroform) . 
The 3-MCCA derivatives show more intense fluorescence than the 
4-MCCA derivatives. The detection limit for cholesterol labelled 
with 3-MCCA is 50 fg /  100 ~ 1 .  

4-Diazometh yl- 7-methox ycoumarin (D -Mmc ) is  another reagent 
for alcohols and carboxylic acids ( 2 0 4 ) .  D-Mmc is practically non- 
fluorescent in solution and possesses excellent storage properties. 
D-Mmc reacts with alcohols in dichloromethethane at room temper- 
ature in the presence of HBF4 as a catalyst and yields the corres- 
ponding fluorescent ether.  With carboxylic acid it reacts in aceto- 
nitrile on heating. The derivatives are separated with an R P  system 
with a mixture of acetonitrile-tetrahydrofuran-water as the mobile 
phase. 
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FLUORESCENCE DETECTION IN HPLC 835 

Fig. 10: Mechanism of the fluorescence labelling with NBD-CI. 

4-Chloro-7-nitrobenzo- 2-0x0- 1,3-diozole (NBD-Cl) and Related 
Compounds 

In 1968 Ghosh and Whitehouse (205)  introduced NBD-Cl as a 
new fluorogenic reagent for primary and secondary amines, includ- 

ing amino acids. Ever since this reagent has been widely used for 
the analysis of compounds containing these functions. 

The general reaction, in this case with a secondary amine (Fig- 

ure 10) can be performed in aqueous as  well as  in organic medium. 
The optimum pH is in the range 8-9 .  The reagent itself is non- 
fluoresent, while the resulting derivatives show intense fluores- 

cence properties. 
Since the publication of reviews by Seiler and Demish (121) 

and Seiler (206)  a number of investigations in this field have been 

published. Ahnoff et al. ( 2 0 7 ,  2 0 8 )  suggest that ,  in methanol contain- 

ing media, NBD-C1 partly solvolyzes to form NBD-OCH3 which re- 
acts with the amino function yielding the fluorescent derivative. 
Moreover, non-polar 7-nitro-4-benzofurazanyl ethers react faster 
than NBD-Cl,  while polar ethers show lower reactivity but due to 
increased solubility in water, do not require the presence of an or- 
ganic solvent. Phenolic and sulfhydryl groups react less readily, 
indicating the selectivity of the reaction for amino functions. A dis- 

advantage of the method is that both the reagent and the derivat- 
ives have a limited stability. 

Many applications of NBD-Cl derivatization for the determin- 
ation of amino acids, peptides and metabolites in biological media 
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have been published, either with pre-column (207, 211, 212)  or post- 

column (209, 210) derivatization. Generally, using pre-column 
methods, separation is obtained using RP HPLC, while prior to post- 

column derivatization IE HPLC is applied. The detection limits for 
amines are ,  in general, in the pmol region. 

Several authors investigated modifications of the NBD-C1 de- 

rivatization in order to reduce the reaction time and to increase 
the derivatization yield. Imai and Watanabe (213) introduced 4-flu- 
oro-7-nitrobenzo-2-oxa- 1,3-diazole (NBD-F) , which is more reactive 

than NBD-C1. With this reagent the detection limits for amines are  

in the same region as  with NBD-Cl. A number of applications of 
NBD-F have been published, either with pre-column (214-216) or 
post-column ( 2 1 7 )  derivatization. The post-column method could also 

be modified to make it suitable for the analysis of thiols, although 

the sensitivity is rather poor. 
Attempts to improve the selectivity towards thiols led to the 

introduction of the anion 4-fluorobenzo-2-oxa- 1,3-diazole-7-sulfon- 
ate (SBD-F) as a derivatization reagent for sulfhydryl groups (218). 
The selectivity for thiols is  indicated by the fact that no derivatiz- 
ation occurs with alanine and proline. Using the pre-column method 
separation of the fluorescent derivatives could be obtained with RP 

HPLC. Detection limits are in the pmol region ( 2 1 9 ) .  The same sens- 
itivity could be obtained with 4-fluoro-7-sulfamoylbenzo- 2-oxa-l,3- 

diazole (NH2-SBD-F)(220). 
Introduction of a hydrazine function led to the possibility of 

derivatizing carbonyl compounds with 4-hydrazino-7-nitrobenzo- 2- 

oxa-1,3-diazole (NBD-H)(  221) .  Both aldehydes and ketones react,  
although the latter show a considerably lower reactivity in compar- 
ison to the former, resulting in much lower reaction times. The hy- 
drazones formed can be separated either on silicagel or  HP-8 
columns. The derivatization yields for both aldehydes and ketones 
is 99%. 

The most recent development in the technique is the applic- 
ation of derivatives of the fluorogenic amine 4-amino-7-nitroben zo- 

2-oxa-l,3-diazole (NBD-amine) as  substrate for the determination 
c 
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FLUORESCENCE DETECTION IN HPLC 837 

of hydrolytic enzymes like chymotrypsin ( 2 2 2 ) .  Enzymatic hydroly- 

sis of the non-fluorescent derivative yields NBD-amine, which is 
highly fluorescent. The fluorescence intensity can serve as  a 

measure for the enzymatic activity. 

o-Ph thalaldeh vde 

o-Phthalaldehyde (OPA) is a reagent with no native fluores- 
cence. It is developed for primary amino functions, such as  amino 

acids and polyamines ( 223, 224) .  
OPA is used in an aqueous reducing medium, e .g .  2-mercapto- 

ethanol, 3-mercapto-1-propanol (225)  or  ethanethiol ( 161, 226) 

buffered with borate around pH 10 and with primary amino func- 
tions a fluorescent isoindole is formed (Figure 11). However, some 

derivatives of amino acids have little or no fluorescence activity 
(227-229).  OPA is used in pre-column as well as  in post-column de- 
rivativatizations. The detection sensitivity with this reagent is 
greater than with fluorescamine and the reaction is completed with- 

in 1-2 minutes at room temperature. 
Secondary amines do not react directly with OPA, but this 

limitation can be overcome with chloramine T (230), N-chlorosuccin- 

imide (168, 231) or sodium hypochlorite (232, 233). I f  NaOCl is  used 

for the conversion of secondary amines into primary amines the de- 

tectability of the latter is decreased by side reactions caused by 
the excess of NaOCl (234). 

Both the compound itself and the reagent solution are  stable. 
However, a significant limitation of the pre-column derivatization is 

the instability of the derivatives (235, 236). This instability is caus- 
ed by slow, spontaneous intermolecular rearrangements ( 2 3 7 ) .  The 
stability of the derivative is influenced by the structure of the thi- 
01 (238) and the excess of OPA (225, 239). The fluorescence proper- 

ties also depend on the structures of the thiol and the primary 
amine (225, 239).  2-Ethanethiol and 3-mercapto-1-propanol are used 

instead of 2-mercaptoethanol because they are  more stable in the 

above reaction than the latter (238). The derivatization with ethan- 
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CHo HS - CH,- CHI 

CHo HS -[CHlll- OH 

or + HIN - CH - COOH 

R 
I 

S - CH, - CH, (or S - [CH,], - OH) 

@N - F H  - COOH + 2 HIO 

R 

Fig. 1 1 :  Mechanism of the fluorescence labelling with OPA. 

ethiol, however, is somewhat slower but still 100% conversion of the 

amino acid is achieved ( 2 4 0 ) .  When the ethanethiol derivative is pre- 
pared in an aqueous buffer and then transferred to a 95% ethanol 

solution, the fluorescence increases with 60-70 percent in contrast 
with the 1-6 percent increase for the 2-mercaptoethanol derivative 

(238, 2 4 2 ) .  Since the reaction time of the derivatization reaction 
and the stability of the derivatives influence the fluorescence in- 
tensity of the products during HPLC analysis, a standardized pro- 

cedure for derivatization and chromatography is necessary (235). 

After pre-column derivatization of amines with OPA the deriv- 

atization mixture is diluted and injected into an RP HPLC system 
(240-243).  For a derivatization yield of 100% a 200-fold excess of 
the reagent is necessary. The analysis of primary amines in biolo- 
gical fluids after pre-column derivatization with OPA is described 
with detection limits of 1-10 ng and recoveries of 98% after extrac- 
tion of urine or plasma (235, 244, 245). 

For post-column derivatizations , impurities in the reagent 

and mobile phases must be rigorously avoided because of their con- 
tribution to the background fluorescence ( 2 4 6 ) .  A post-column RP 

system for the analysis of amino acids and primary amines is de- 
veloped by Kucera and Umagat ( 2 4 7 ) .  For the analysis of netilmicin 
a post-column RP-PI system is described (248). Some investigators 

have developed post-column systems for the simultaneous analysis 
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of all amino and imino acids (primary and secondary amines) in an 
amino acid analyzer. The methods are based on the reaction of the 
imino acids with dilute NaOCl at  high pH and the derivatives are 
separated with IE chromatography (249) .  Himuro and co-workers, 
instead of the usual NaOCl-OPA reagent, used an NaOCl-OPA-TDE 
reagent, and studied the influence of 2,2'-thiodiethanol (TDE) on 
the fluorescence suppressing effects of the NaOCl excess (234). 
With an amino acid analyzer ng  amounts can be analyzed (249) .  

Nakamura and Tamura (250) described a post-column derivat- 
ization system for thiols. The derivatives are formed with taurine 
as the primary amine and are separated with an IE system. In- 
stead of taurine, n-propylamine is also used (251). 

Fluorescence Introducing Reagents after Activation of Reactive 
Functions 

In the previous paragraphs methods have been discussed to 
convert non- or weakly fluorescent compounds into fluorescent de- 
rivatives. The disadvantage of these methods is that the choice of 
labels is limited because it requires a good reactivity of both the 
functional group and the label. 

Another possibility is the use of indirect fluorescence intro- 
ducing methods. With these methods either the compound to be an- 
alyzed or the fluorescence introducing label is activated before de- 
rivatization. If  the label is first activated the advantage is that 
functional groups that do not react spontaneously under these cir- 
cumstances, will react more easily ( 2 7 ) .  Activation of the solute, 
followed by reaction with the fluorescence reagent, offers the 
possibility to use different fluorescence reagents. By the choice 
of the activator only the reacting functions of the fluorescence 
label and the compound are committed but not the structure of 
the label. 

For the derivatization of carboxylic acids a few methods have 
been described. The general reaction of a carboxylic acid group 
with an alcohol or amine only yields a considerable amount of the 
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resulting ester or amide after activation of either the carboxylic 
acid function or the hydroxylic/amine function prior to coupling. 

N-E thy/-N'- ( 3-dimethylaminoprop yI)carbodiimide hydrochlor- 
ide (DAC)  is a water-soluble representant of the carbodiimides 
suitable for activation of the carboxylic acid function (252). This 
activation is relatively slow, but can be accelerated by the addi- 
tion of 1-hydroxybenzotriazole as  a catalyst (253). The activated 
carboxylic acid reacts with alcohols (23 )  and primary amines (253). 

The yields are usually high. I f ,  with this method, 9-(hydroxy- 
rnethy1)anthracene (HMA) is  used a s  fluorescence label for benzo- 
ic acid the detection limit is 100 fmol after RP separation (23). 
Aminoethyl-4-dimethylaminonaphthalene (DANE)  is a chiral derivatiz- 
ation reagent and both the D- and L-forms are used. With enantio- 
meric carboxylic acids the diastereomeric amides are formed ( 2 5 2 ) .  

Separation of these diastereomers is possible with NP HPLC. The 
method is applied for the analysis of naproxen in serum (253) with 
a detection limit of 100 pg. 

Carboxylic acids can also be activated by N ,N'-carbonyldiimi- 
dazole ( C D I )  and the activated function reacts with a fluorescent 
alcohol, i.e. HMA to form the corresponding ester (23). 

Benzoic acid reacts in the presence of diethylazodicarboxy- 
late ( D A )  and triphenylphosphine (TPP) in tetrahydrofuran with 2- 

dansylaminoethanol to form 2-dansylaminoethyl benzoate (254) or 
with Hy-Mmc (201)  to the corresponding ester.  

Activation of the carboxylic acid is  also possible with 2-bromo- 
1-methylpyridinium iodide (BMP). After activation with BMP the car- 
boxylic function reacts either with a fluorescent alcohol (23) or 
with a fluorescent amine (29)(Figure 12). Separation of the esters 
can be achieved on an RP system, while HPLC of the amides re- 
quires a more complex system (255). The method is applied for the 
analysis of ibuprofen and glucuronides in plasma and urine samples. 

New Fluorescence Derivatization Reagents 
For the fluorescence labelling of potentially acidic functions a 

number of alkylation reagents have been developed, e. g .  diazoal- 
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FLUORESCENCE DETECTION IN HPLC 84 1 

Fig. 1 2 :  Mechanism of fluorescence labelling after activation with BMP. 

kane derivatives (256-2581, 4-bromornethy/-7-methoxycournarin deriv- 
atives (see before), naphthacyl bromide( 2 5 9 ) ,  PanaCyl bromide ( 2 6 0 ) ,  

1-bromoacetylpyrene ( 2 6 1 )  and 9-(chloromethy/)anthracene ( 2 4 ) .  The 
major disadvantage of these labels is their lack of selectivity. In 
most cases these reagents react with all functions with acidic pro- 
tons (e .g .  carboxyl, hydroxyl, phenol, thiol o r  imide) in a more or 
less quantitative way. 

The derivatization with all these alkylation reactions is exe- 
cuted in the same way; deprotonation of the acidic function with a 
base and reaction of the anion, with or  without catalysis, with the 
alkylation reagent in relatively polar solvents. 

Diazoalkane labelling is advantageous over the other methods 
because of the high reaction rates. A disadvantape, however, 
is the lack of stability of most of these reagents. 

Primary amines such as 1-naphthylamine ( 2 6 2 )  and 9-amino- 

phenanthrene (263)  can be used in the fluorescence labelling of' the 

acid chlorides of fatty acids ( 2 6 4 ) .  In the analysis of unsaturated 
fatty acids oxalyl chloride is preferred over thionyl chloride for 
its higher derivatization yield. The detection limit of the esters  is 
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about 10 pmol and the method can be applied in biological fluids 

(263). 

Instead of 9-aminophenanthrene Lloyd (28) used 9,lO-diamino- 
phenanthrene ( D A P )  for the fluorescence labelling of fatty acids. 

The acids are condensed in chloroform, in the presence of methyl 
polyfosfate, with D A P .  The method is described as  a pre-column 

derivatization before RP chromatography. The polyfosfate is used 
because of the poor solubility of DAP (265). This solubility problem 
and the possibility of fosforylation of other functional groups that 
are present in the sample are the main disadvantages of the method. 
The detection limit for fatty acids is about 50 fmol. 

a-Keto carboxylic acids are derivatized with o-phenylenedi- 

amine to 2-quinoxalinol derivatives (266, 267) .  The method is ap- 
plied for the analysis of pyruvic acid (268). The detection limit is 

less than 1 nmol/50 ~1 keto carboxylic acid. 

4’-Hydrazino- 2-stilbazole ( 4H2S ) is a fluorescent reagent se- 
lective for carbonyl functions and especially for a-keto acids ( 269).  

These acids (270)  are converted to hydrazone derivatives with 4H- 
2s. The detection limit for phenylpyruvic acid in plasma or urine 

is 30 pmo1/200 ~ l .  

For thiols a number of selective fluorescence labels have been 
developed including the monobrobimanes which have little native 
fluorescence. One of them, monabromo-trimethyl-ammoniobimane 

(271, 272), reacts quantitatively with thiols. After IE chromato- 

graphy 1 pmol of the derivatives can be detected. The rapid hy- 

drolysis of the reagent and the photodecomposition of the deriv- 
atives can limit the accuracy of the quantitative measurement. 

1,2-Naphthoyleneben zimidazole- 6-sulfonylchloride (1,2-N B I - 

SOzC1) is used as  fluorescent reagent for the derivatization of 
aliphatic amines prior to RP chromatography (273, 274) .  The re- 
action is quantitative but during the derivatization some side 
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products are formed, which can influence the chromatographic 
analysis. The reagent is stable for relatively long periods and 
1 pg of the aliphatic primary or secondary amine can be detect- 
ed. The reagent is comparable to dansyl chloride but its sensitiv- 
ity is better.  

Isocyanates and isothiocyanates react with primary amines 
to give urea and thiourea derivatives, respectively. Isocyanates 
however, react quite readily with water and alcohols to give ure- 
thanes. The isothiocyanates are less reactive concerning the re- 
action with water or  alcohols. 

The most recent examples of this group of reagents are:  9- 

isothiocyanatoacridine ( 2 7 5 ) ,  fluoresceinisothiocyanate ( 2761, phenyl- 

isothiocyanate ( 2 7 7 ) ,  4-dimethylamino- 1-naphthylisothiocyanate (278), 

boc-aminophenyl- and boc-aminomethylphenylisothiocyanate ( 2 7 9 )  

and 4- ( 6-meth ylbenzothiazol- 2-yl fphenylisocyanate (Mbp) synthe- 
tized to improve the fluorescence sensitivity in comparison to 
phenylisocyanate ( 2 8 0 ,  2811, 

N-Succinimidyl-2-naphthoxyacetate ( S N A )  is  used for the de- 
rivatization of amino acids ( 2 8 2 )  and some phospholipids ( 2 8 3 ) .  

The detection limit for the phospholipid analysis is 2 pmol. 

2-Cyanoacetomide reacts with reducing compounds, such as  
carbohydrates and polyphenols which leads to the formation of 
fluorescent condensation products ( 2 8 4 ) ' .  The reaction is selective 
and only high concentrations of aldehydes or  phenols may react to 
some extent. The derivatization can be used either in the pre- 
column (285)  or in the post-column ( 2 8 4 )  mode. In both cases IE 

chromatography is used. The detection limit for catecholamines is 
5 pmol ( 2 8 6 ) .  

Hydroxylic compounds can be derivatized with labelling re- 
agents, containing nitrile functions, such a s  (+) -  and (-1-2-methyl- 

l,l '-binaphthalene-2'-carbonylnitrile for the analysis of enantiomers 
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844 LINGEMAN ET AL. 

( 2 8 7 ) ,  4-dimethylomino- 1-nophthoylnitrile (DMA-nn) ( 2 8 8 )  for prim- 
ary and secondary hydroxyl functions as  well a s  1- and 9-onthroyl 

nitrile ( 2 8 9 ) .  

APPLICATIONS 

An up- to-date survey of the many applications of fluorescence 
detection in HPLC is presented in the Tables 111, IV and V, with 
the emphasis on the quantitative determination of drugs and drug 
metabolites in biological fluids. The drugs mentioned in the Tables 
IV and V are divided in five main groups. Four of these groups 
are: acidic, amphoteric , basic and neutral compounds. Antibiotics, 
cytostatic agents, steroids and vitamins are dealt with in a separ- 
ate group ( V ) .  Each group is subdivided into one or more structur- 
ally related subgroups and/or a number of miscellaneous compounds. 

In Table 111 an overview is given of the fluorescence introduc- 
ing reagents, including their abbreviations, mentioned in this review. 
In Table 19 those compounds are listed of which the native fluores- 
cences are used in combination with HPLC and Table V contains a 
list of drugs that have been analyzed with fluorescence detection 
and HPLC. 

In the first column of the Tables IV and V the name of the 
product is mentioned, for which the procedure referred to, is ori- 
ginally designed. In some cases the internal standard and/or other 
drugs mentioned in the original publication are also reported. 

"Sample" (second column of Tables IV and V )  refers to the 
type of biological fluid (blood, urine, etc.) or  tissue to which the 
method may be applicable as  well as  the volume required per analy- 
sis. In the cases where the method is applied in several biological 
media the term "fluids" is introduced. 

In the third column the clean-up procedure used in the analy- 
sis, prior to chromatographic separation, is denoted. The various 
clean-up procedures are classified according to  type and number of 
clean-up steps in the pre-chromatographic sample treatment. Simple 
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"washings" of samples or extracts,  in which the nnalyte is not t r m s -  

ferred to another phase, is not considered a clean-up step here. 

The meaning of the symbols is as  follows: 
-, no clean-up step is used in the pre-chromatographic sample treat- 

ment ; 

a ,  the only clean-up step is some form of protein removal; 
b ,  a single extraction step; 
c ,  a single clean-up step other than liquid-liquid extraction, e .g .  

by TLC or column LC; 

d ,  more than one clean-up s tep,  as  is the case in liquid-liquid ex- 

traction of the analyte from the sample with an organic solvent 
and back extraction into an aqueous phase. 

In the fourth column is mentioned which type of HPLC is used: 

chromatography with polar stationary phases (NP), chromatography 
with apolar stationary phases (RP), ion-exchange chromatography 

( I E )  and paired-ion chromatography ( P I ) .  

In the fifth column of Table V is mentioned whether the fluor- 
escence is measured after pre-column (Pre-) or post-column (Post-) 
derivatization. The name of the abbreviation of the derivatization 

reagent (Table 111) is also given in this column. 
The last column gives the reference to the literature, in Table 

IV as  well as in Table V. The references between brackets describe 

the analysis of the drug mentioned in the same line with the dis- 
cussed derivatization and chromatographic method, however, the 

determination is not performed in a biological sample. 

REFERENCES 

1. Kabra P.M. and Marton L.J . ,  Liquid Chromatography in Clinic- 
al analysis, Human Press,  Clifton, 1981 

2. Kirchner J . G . , T hin-layer Chromatography , in Techniques of 
Chemistry, Vol. 14, Weissberger A , ,  Ed. ,  2nd ed. ,  Wiley, New 
York-C hichester-Brisbane-Toronto, 1978 

3 .  Pryde A .  and Gilbert M.T., Applications of High Performance 
Liquid Chromatography, Chapman and Hall, London, 1979 

4. Zlatkis A .  and Kaiser R.E., Ed., HPTLC High Performance 
Thin-layer Chromatography, J. Chromatogr. Library, Vol. 9,  
Elsevier, Amsterdam-Oxford-New York, 1977 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



846 LMCEMAN ET AL. 

5. Hamilton R .  J.  and Sewell P.A., Introduction to High Perform- 
ance Liquid Chromatography, Chapman and Hall, London, 1977 

6. Froehlich P. and Wehry E.L., Fluorescence Detection in Liquid 
and Gas Chromatography, in Modern Fluorescence Spectroscopy, 
Vol. 3, Wehry E.L., Ed., Plenum Press,  New York-London, 1981 

7.  Hulshoff A .  and Lingeman H., Fluorescence Detection in Liquid 
Chromatography, in Applications of Luminescence Spectroscopy, 
Schulman S . G . ,  Ed., Wiley, N e w  York, in press 

8. Schwedt G., Chemische Reaktionsdetektoren fuer die Schnelle 
Fluessigkeits-C hromatographie , Huethig , Heidelberg-Basel-New 
York, 1980 

9.. Kissinger P .T. ,  Felix L .  J . ,  Miner D.  J., Preddy C .R.  and Shoup 
R.E., Detectors for Trace Organic Analysis by Liquid Chroma- 
tography : Principles and Applications, in Contemporary Topics 
in Analytical and Clinical Chemistry, Vol. 2 ,  Hercules D.M., 
Hieftje G .M., Snyder L.R.  and Evenson M.A., Eds., Plenum 
Press, New Y ork-London, 1978 

10. Krstulovic A.M.  and Colin H., Trends Anal. Chem., 3, 43(1984) 
11. Holthuis J .  J.M., Roemkens F .M.G .M., Pinedo H . M .  and Oort 

W .  J .  van, J. Pharm. Biomed. Anal., L, 89 (1983) 
12. Schulman S. G . , Fluorescence and Phosphorescence Spectros- 

copy : Physicochemical Principles and Practice, Pergamon Press,  
Oxford-New Y ork-Toronto-Sydney-Paris-Frankfurt , 1977 

York, 1973 
13. Guilbault G .G ., Practical Fluorescence, Marcel Dekker, New 

14. Parker C .A.  and Rees W.T., Analyst, - 85, 587 (1960) 
15. Lloyd J .B.F. ,  J. Chromatogr., - 178, 249 (1979) 
16. Bridges J.W., in Standards in Fluorescence Spectroscopy, Miller 

J.N., Ed.,  Chapmanand Hall, London, 1981, p. 68 
17. Demas J.N. and Crosky G .A., J .  Phys. Chem., 75, 991 (1971) 
18. Rhys Williams A.T., Winfield S.T.  and Miller J .N. ,  Analyst, 

108, 1067 (1983) 
19. Renschler C .L.  and Harrah L.A., Anal. Chem., 55, 798 ( 1983) 

- 

- 

20. Wehry E .L .  and Rogers L.B., in Fluorescence and Phosphor- 
escence Analysis, Hercules D.M., Ed. ,  Wiley (Interscience), 
hew York, 1966 

21. Schulman S.G., Fluorescence News, 6, 1 (1972) 
22. Schulman S . G . , in Modern Fluorescence Spectroscopy, Vol. 2, 

Wehry E.L., Ed. ,  Plenum, N e w  York, 1976 
23. Lingeman H., Hulshoff A., Underberg W . J . M .  and Offermann 

F.B.J.M., J. Chromatogr., - 290, 215 (1984) 
24. Korte W.D., J .  Chrornatogr., 243, 153 (1982) 

- 

- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



FLUORESCENCE DETECTION IN HPLC 847 

25. Farinotti R . ,  Siard Ph. ,  Bourson J . ,  Kirkiacharian S . ,  Valeur 
B .  and Mahuzier G. ,  J. Chromatogr., 269, 81 (1983) 

26. Goya S., Takadate A., Irikura M., Suehiro T.  and Fujino H., 
Proceedings of 104th Annual Meeting of Pharmaceutical Society 
of Japan, Sendai, March, 1984, p. 582 

(1982) 
27. Goya S., Takadate A .  and Fujino H., Yakugaku Zasshi, 102, 63 

28. Lloyd J .B.F. ,  J. Chromatogr., 189, 359 (1980) 
29. Lingeman H., Underberg W . J . M .  and Hulshoff A., submitted 

for publication 

30. Takadate A., Iwai M., Fujino H.,  Tahara K . ,  and Goya S . ,  
Yakugaku Zasshi, - 103, 962 (1983) 

31. Bernard0 S. De, Weigele M., Toome V. ,  Manhart K . ,  Leim- 
gruber W., Boehlen P . ,  Stein S. and Undenfriend S., Arch. 
Biochem. Biophys. , - 163, 390 ( 1974) 

- 

32. Thacker L.H., J. Chromatogr., 136, 213 (1977) 
33. Johnson E., Abu-Shumays A .  and Abbott S.R., J .  Chromato- 

34. White P.C.,  Analyst, 109, 677 (1984) 
35. Hirata Y .  and Novotny M., J. Chromatogr., 186, 521 (1979) 
36. Yang F . J . ,  J. High Resolut. Chromatogr. Chromatogr. Commun., 

- 4, 43 (1981) 
37. Abbott S.R. and Tusa J . ,  J. Liq. Chromatogr., 6, 77 (1983) 
38. Malcolme-Lawes D.J. ,  Warwick P. and Gifford L.A., J .  Chrom- 

g r * ,  - 134, 107 (1977) 

- 

- 

- 

atogr. ,  176, 157 (1979) 
39. Malcolme-Lawes D . J .  and Warwick P . ,  J. Chromatogr., 200, - 

47 (1980) 

40. Malcolme-Lawes D . J . ,  Massey S .  and Warwick P . ,  J.  Chem. 

41. Malcolme-Lawes D .  J . ,  Massey S .  and Warwick P . ,  J. Chem. 

42. Yeung E .S. and Sepaniak M . J . ,  Anal. Chem., 52, - 1465 A ( 1980) 

43. Green R.B.,  Anal. Chem., - 55, 20 A (1983) 
44. Richardson J .H. ,  Larson K .M., Haugen G .R. ,  Johnson D . C .  

and Clarkson J.E., Anal. Chim. Acta, 116, 407 (1980) 
45. Imasaka T . ,  Ishibashi K .  and Ishibashi N., Anal. Chim. Acta, 

142, 1 (1982) 
46. Sepaniak M . J .  and Yeung E.S., Anal. Chem., 49, - 1554 (1977) 

47. Yamada S., Hino A .  and Ogawa T . ,  Anal. Chim. Acta, 156, 273 

SOC., Faraday Trans. 2, - 77, 1795 (1981) 

SOC., Faraday Trans 2, - 7 7 ,  1807 (1981) 

- 

(1984) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



LINGEMAN ET AL. 848 

48. Voigtman E .  and Winefordner J .D . ,  J .  Liq. Chromatogr., 6_, 
1275 (1983) 

49. Huff P.B., Tromberg B .J .  and Sepaniak M. J . ,  Anal. Chem., 
- 54, 946 (1982) 

50. Wehry E .L .  and Mamantov G . ,  Anal. Chem., 51, - 643 A (1979) 

51. Garrigues P., DeVazelhes R. ,  Ewald M . ,  Joussot-Dubien J . ,  
Schmitter J.M. and Guiochon G . ,  Anal. Chem., 54, - 769 11982) 

52. Imasaka T . ,  Fukoka H., Hayashi T .  and Ishibashi N . ,  Anal. 
Chim. Acta, - 156, 111 (1984) 

53. Hayes J.M. and Amall G.J., Anal. Chem., - 54, 1202 (1982) 

54. Zelt D.T.,  Owen J.A. and Marks G.S., J .  Chromatogr., L82, 

55. Dalterio R .A.  and Hurtubise R.J., Anal. Chem., 56, - 819 (1984) 

56. Slavin W., Rhys Williams A.T. and Adams R.F. ,  J .  Chromato- 

57. Lyons J.W. and Faulkner L.R., Anal. Chem., 54, 1960 (1982) 
58. Vurek G . G . ,  Anal. Chem., 54, 840 (1982) 
59. Bowman R . L .  and Vurek G . G . ,  Anal. Ckem., 56, - 391 A (1984) 

60. Ratzlaff E . H .  , Harfmann R . G .  and Crouch S.R. ,  Anal. Chem., 

61. Martin F . ,  Maine J . ,  Sweeley C . C .  and Holland J .F . ,  Clin. 

62. Diebold G.J. and Zare R.N., Science, 196, 1439 (1977) 
63. Voigtrnan E. ,  Jurgensen A .  and Winefordner J . D . ,  Anal. 

Chem., 53, 1921 (1981) 
64. Hershberger L.W . , Callis J .B .  and Christian G . D . ,  Anal. 

Chem., 51, 1444 (1979) 
65. Hatano H., Yamamoto Y. , Saito M .  , Mochida E .  and Watanabe 

S.,  J. Chromatogr., 83, 373 (1973) 
66. Pellizzari E . D .  and Sparacino C.M., Anal. Chem., 45, - 378 (1973) 
67. Christian G.D., Callis J . B .  and Davidson E.R., Array Detectors 

and Excitation-Emission Matrices in Multicomponent Analysis, 
in Modern Fluorescence Spectroscopy, Vol . 3, Wehry E . L . , Ed., 
Plenum, New York-London, 1981 

1316 (1977) 

Chromatogr. Chromatogr. Commun., 4, 561 (1981) 

Chrornatogr. Chromatogr. Commun., 4, 616 ( 1981) 

209 (1980) 

g r . ,  134, 121 (1977) - 

- 

- 56, 342 (1984) 

Chem., - 22, 1434 (1976) 

68. Jadamec J.R.,  Saner W.R. and Talrni Y . ,  Anal. Chem., 49, 

69. Fogarty M .P. ,  Shelly D . C .  and Warner I . M . ,  J.  High Resolut . 

70. Shelly D.C., Fogarty M.P. and Warner I . M . ,  J .  High Resolut. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



FLUORESCENCE DETECTION IN HPU: 849 

71. Hershberger L.W., Callis J . B .  and Christian G.D., Anal. 

72. Appellof C.J.  and Davidson E . R . ,  Anal. Chem., 53, - 2053 

73. A s m u s  P.A., Jorgenson J.W. and Novotny M., J. Chromatogr., 

74. Nakamura H .  and Tamura Z . ,  Anal. Chem., 53, - 2190 (1981) 

75. Jurgensen S.Y., Bolton D .  and Winefordner J .D. ,  Anal. Lett., 
- 14, 1 (1981) 

76. Lawrence J.F.  and Frei R.W ,, Chemical Derivatization in Liquid 
Chrbmatography , Elsevier, Amsterdam-Oxford-New Y ork ,  1976, 
p .  24 

Chem., - 53, 971 (1981) 

(1981) 

126, 317 (1976) - 

77. Froehlich P.M. and Yeats M . ,  Anal. Chim. Acta, 87, 185 (1976) 
78. Lawrence J.F.  and Frei R . W . ,  J .  Chromatogr., 66, - 93 (1972) 
79. Lee S .H. ,  Field L.R.,  Howald W.H. and Trager W.F., Anal. 

Chem., - 53, 467 (1981) 
80. Muusze R . G .  and Huber J.F.K., J .  Chromatogr., Sci., 12, - 779 

(1974) 
81. Bernstein M.S. and Evans M . A . ,  J .  Chromatogr., 229, - 179 

(1982) 
82. Miura K., Nakamura H.,  Tanaka H .  and Tamura Z . ,  J .  Chrom- 

atogr. ,  210, 536 (1981) 
83. Gotelli G.R., Wall J.H., Kabra P.M. and Marton L . J . ,  Clin. 

Chem., 27, - 441 (1981) 
84. Gfeller J .C.,  Frey G .  and Frei R.W., J. Chromatogr., - 142, 271 

( 1977) 
85. Buuren C .  van, Lawrence J .F . ,  Brinkman U .A.Th.,  Honigberg 

I .L .  and Frei R . W .  , Anal. Chem. , 52, 700 (1980) 
86. KatzS., Pitt W . W .  J r . ,  Mrochek J.E. and Dinsmore S . ,  J. 

Chromatogr., 101, - 193 (1974) 

87. Werkhoven-Goewie C .E , , Niessen W . M  . A . ,  Brinkman U .A .Th. 
and Frei R.W., J. Chromatogr., - 203, 165 (1981) 

88. Lawrence J.F.  and Frei R.W., Chemical Derivatization in Liquid 
Chromatography, Elsevier, Amsterdam-Oxford-New York, 1976 

89. Ross M.S.F., J .  Chromatogr., 141, 107 (1977) 
90. Knapp D . R . , Handbook of Analytical Derivatization Reactions, 

Wiley , New Y ork-Chichester-Brisbane-Toronto , 1979 
91. Lawrence J.F. ,  Prechromatographic Chemical Derivatization in 

Liquid Chromatography, in Chemical Derivatization in Analyt- 
ical Chemistry, Vol. 2: Separation and Continuo-nch- 
niques, Frei R . W .  and Lawrence J .F . ,  Eds. ,  Plenum Press,  
New Y ork-London , 1982 

- 

- 

--- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



LINGEMAN ET AL. 850 

92. Honda S. and Kuwada H.,  Anal. Chem., 55, 2466 (1983) 
93. Chromatographia, - 18, 224 (1984) 
94. Frei R.W. and Scholten A.H.M.T., J .  Chromatogr. Sci., 17, 

95. Frei R.W., J .  Chromatogr., - 165, 75 (1979) 
96. Stewart J .T . ,  Trends Anal. Chem., - 1, 170 (1982) 
97. Schwedt G .  and Reh E. ,  Chromatographia, 1p_, 249 (1981) 
98. Schwedt G .  and Reh E . ,  Chromatographia, _- 14, 317 (1981) 

152 (1979) 

99. Toren E . C .  J r . ,  and Vacik D.N., Anal. Chim. Acta, - 152, I 
(1983) 

100. Frei R.W., Chromatographia, - 15, 161 (1982) 

101. Scholten A .H .M.T. , Brinkman U .A .Th. and Frei R .W., Anal. 

102. Arisue K., Ogawa Z . ,  Kohda K., Hayashi C .  and Ishida Y . ,  

103. Gfeller J .C. ,  Frey G . ,  Huen J.M. and Thevenin J .P . ,  J .  

104. Scholten A . H  .M.T., Brinkman U .A .Th. and Frei R .W., Anal. 

105. Uihlein M.  and Schwab E . ,  Chromatographia, 15, 140 (1982) 
106. Gandelman M.S., Birks J.W., Brinkman U .A.Th. and Frei 

107. Gandelman M.S. Birks J.W., Anal. Chem., 54, 2131 (1982) 

108. Frost A .A .  and Pearson R .G . , Kinetics and Mechanism, 2nd 

109. Eriksen S.P. and Stelmach H., J .  Pharm. Sci., 54, 1029 (1965) 
110. Parker A . J . ,  Chem. Rev., - 69, 1 (1969) 
111. Sykes P . ,  A Guidebook to Mechanism in Organic Chemistry, 

5th ed . ,  Longmans, London-New York, 1981 

112. Fieser L.F. and Fieser M., Reagent for Organic Synthesis, 
Wiley, New York, 1967 

113. Gould E.S.,  Mechanism and Structure in Organic Chemistry, 
Holt, Rinehart and Winston, New York-San Francisco-Toronto- 
London, 1959 

114. Morozowich W .  and Cho M .  J . ,  Chrornatogr., Science, 9, - 209 
( 1978) 

115. Capino L .A.  and Han G . Y . ,  J .  Org. Chem., 37, - 3404 (1972) 
116. Hartvig P. and Svahn C.M., Anal. Chem., 48, 390 (1976) 
117. Hartvig P. ,  Karlsson K . E .  and Johansson L . ,  J .  Chromatogr., 

Chem., __ 54, 1932 ( 1982) 

Jpn. J. Clin. Chem., - 9, 104 (1980) 

Chromatogr., _- 172, 141 (1979) 

Chim. Acta, 114, 137 (1980) - 

R.W., J. Chromatogr., __ 282, 193 (1984) 

ed . ,  Wiley, New York, 1961 

121, 235 (1976) - 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



FLUORESCENCE DETECTION IN HPLC 85 1 

118. Anson Moy H .  and Boning A.J.  J r . ,  Anal. Lett., 12, - 25 (1979) 

119. Guebitz G. , Wintersteiger R .  and Hartinger A.,  J .  Chromato- 

120. Lawrence J .F.  and Frei R.W., J .  Chromatogr., 98, - 253 (1974)  

121. Seiler N .  and Demisch L . ,  Fluorescent Derivatives, in Hand- 

g r . ,  218, 5 1  (1981) 

book of Derivatives for Chromatography, Blau K .  and King 
G . S . , Eds. , Heydeii , Lcndon-Bellmawr-Rheine, 1977 

122. Werkhoven-Goewie C .E.  , Brinkman U . A  .Th. , and Frei R .  W., 
Anal. Chim. Acta, - 114, 147 (1980) 

123. Cassidy R.M., LeGay D.S. and Frei R .W., J .  Chromatogr. Sci., 
- 12, 85 ( 1974) 

124. Frei R . W . ,  Santi W .  and Thomas M., J .  Chromatogr., - 116, 
365 (1976) 

125. Schwedt G .  and Bussemas H.H., Fres. Z .  Anal. Chem., 283, 
23 (1977) 

126. Saeki Y . ,  Uehara N .  and Shirakawa S . ,  J .  Chromatogr., 145, 
2 2 1  (1978) 

127. Brown N . D . ,  Sweett R . B . ,  Kintzios J .A . ,  Cox H . D .  and 
Doctor B.P.,  J .  Chromatogr., - 164, 35 (1979)  

128. Tapuhi Y . ,  Miller N .  and Karger B.L.,  J .  Chrornatogr., 205, 
325 (1981) 

129. Yamada K . ,  Kayama E . ,  Aizawa Y.,  Oka K .  and Hara S . ,  J .  
Chrornatogr., - 223, 176 (1981)  

130. Sommadossi J .P . ,  Lemar M., Necciari J . ,  Sumirtapura Y . ,  
Can0 J . P .  and Gaillot J . ,  J.  Chromatogr., 228, - 205 (1982)  

131. Rhys Williams A.T. ,  Winfield S.A. and Belloli R.C.,  J .  Chrom- 
atogr. ,  240, 224 (1982) 

132. Duenges W., J .  Chromatogr. Sci., 12, 655 (1974) 

133. Meffin P .J . ,  Harapat S . R .  and Harrison D.C.,  J .  Pharm. Sci., 
66, 583 (1977) 

134. Chen S .S.-H., Kou A . Y .  and Chen H .-H.Y ., J. Chromatogr., 
208, 339 (1981) 

135. Soczewinski E .  and Jusiak J .  Chromatographia, 15, - 309 (1982)  

136. Courte S. and Bromet N . ,  J .  Chromatogr., 224, 162 (1981)  

137. Schmidt G . J . ,  Olson D . C .  and Slavin W., Clin. Chem., 55, 

138. Wiedmeier V.T. ,  Porterfield S . P .  and Hendrich C.E. ,  J .  

139. Parris N .  and Gallelli D., J .  Liq. Chromatogr., 1, 917 (1984) 

140. Abbott S.R. ,  Abu-Shumays A., Loeffer K.O.  and Forrest I .  

- 

- 

1063 (1979) 

Chromatogr., - 231, 410 (1982) 

S . ,  Res. Commun. Chem. Pathol. Pharmacol., lo, 9 (1975) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



852 

141. 

142. 

143. 

144. 

145. 

146. 

147. 

148. 

149. 

150. 

151. 

152. 

153. 

154. 
155. 

156. 
157. 
158. 
159. 

160. 

161. 

162. 

LINGEMAN ET AL. 

Schmidt G.J . ,  Vandemark F.L. and Slavin W., Anal. Biochem., 
91, 636 (1978) 
Kamimura H., Sasaki H.  and Kawamura S., J .  Chromatogr., 
225, 115 (1981) 
Cory R.P.,  Becker R.R., Rosenbluth R .  and Isenberg T . ,  J .  
A m .  Chem. Soc., 90, 1643 (1968) 
Lankmayr E.P. ,  Budna K . W . ,  Mueller K .  and Nachtmann F . ,  
Fres. Z .  Anal. Chem., 295, 371 (1979) 
Lankmayr E .P . ,  Budna K .W., Mueller K., Nachtman F.  and 
Rainer F . ,  J .  Chromatogr., 222, 249 (1981) 
Chayen R., Dvir R.,  Gould S .  and Hare11 A.,  Anal. Biochem., 
42, 283 (1971) 

- 

- 

- 

- 
Kawasaki T . ,  Maeda M .  and Tsuji A . ,  J .  Chromatogr., 163, 
143 (1979) 
Kawasaki T . ,  Maeda M .  and Tsuji A. ,  Yakugaku Zasshi, 100, 
925 (1980) 
Kawasaki T . ,  Maeda M .  anh Tsuji A. ,  J .  Chromatogr., 226, - 1 
(1981) 
Kawasaki T . ,  Maeda M .  and Tsuji A . ,  J .  Chromatogr., __ 232, 1 
( 1982) 

Kawasaki T . ,  Maeda M .  and Tsuji A. ,  J .  Chromatogr., ___ 233, 61 
(1982) 

Kawasaki T., Maeda M .  and Tsuji A. ,  J .  Chromatogr., 272, 
261 (1983) 
Alpenfels W .F . ,  Mathews R.A.,  Madden D.E .  and Newson A . E .  
J .  Liq. Chromatogr., 5,  1711 (1982) 
Mopper K .  and Johnson L. ,  J .  Chromatogr., 256, 27 (1983) 
Takeda M . ,  Maeda M .  and Tsuji A. ,  J. Chromatogr., 244. 347 
(1982) 
Murayama K. and Kinoshita T . ,  Anal. Lett . ,  14, 1221 (1981) 
Murayama K .  and Kinoshita T . ,  Anal. Lett . ,  15, 123 (1982) 
Samejima K., J .  Chromatogr., E, 250 (1974) 
Udenfriend S. and Stein S . ,  in Peptides, Proc. 5th Pept. 
Symp., 1977, Goodman M .  and Meienhofer J . ,  Ed . ,  Wiley, 
New York, p .  14 

Samejima K., Kawase M., Sakamoto S., Okada M .  and Endo Y ., 
Anal. Biochem., 76, 392 (1976) 

Udenfriend S . ,  Stein S . ,  Boehlen P.,  Dairman W ., Leimgruber 
W .  and Weigele M . ,  Science, 178, 871 (1972) 
Stein S., Boehlen P . ,  Imai K.,  Stone J .  and Udenfriend S., 
Fluorescence News. 1, 9 (1973) 

- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



FLUORESCENCE DETECTION IN HPLC 853 

163. Sedman A.J. and Gal J . ,  J .  Chromatogr., 232, 315 (1982) 
164. Imai K . ,  J .  Chromatogr., 105, 135 (1975) 
165. Kusnir J .  and Barna K. ,  Fres. 2.  Anal. Chem., 271, 288 (1974) 
166. Schwedt G . ,  J .  Chromatogr., s, 429 (1976) 
167. Walker S .E.  and Coates P.E.J., J .  Chromatogr., 223, 131 (1981) 
168. Weigele M., DeBernardo S. and Leimgruber W., Biochem. Bio- 

169. Sterling J.M. and Haney W.G., J. Pharm. Sci., 63, 1448 (1974) 
170. Nakamura H., Takagi K., Tamura Z . ,  Yoda R .  and Yamamoto 

Y., Anal. Chem., 56, 919 (1984) 
171. Nakamura H .  and Tamura Z . ,  Anal. Chem., - 52, 2087 (1980) 
172. McHugh W .  Sandman R . A . ,  Haney W . G . ,  Sood S .P .  and 

173. SzokBn G . ,  J. Liq. Chromatogr., - 5, 1493 (1982) 

174. Furukawa H . ,  Sakaikiba E . ,  Kame1 A. and Ito K. ,  Chem. 

175. Sumirtapura Y . C . ,  Aubert C . ,  Coassolo Ph. and Can0 J .P . ,  

176. Stein S., Boehlen P., Stone J . ,  Dairman W .  and Udenfriend S., 

177. Felix A.M.  and Terkelson G . , Arch. Biochem. Biophys., 157, 

phys. Res. Comn;un., 50, 352 (1973) 

Wittmer D . P . ,  J .  Chromatogr., 124, 376 (1976) 

Pharm. Bull. Jpn . ,  23, - 1625 (1975) 

J .  Chromatogr., - 232, 111 (1982) 

Arch. Biochem. Biophys., - 155, 202 (1973) 

213 (1973) 
178. Frei R.W., Michel L. and Santi W., J. Chromatogr., 126, 665 

(1976) 
179. Kanoaka Y., Machida M., Ando K .  and Sekine T . ,  Biochim. 

Biophys. Acta, 207, 269 (1970) 
180. Kanoaka Y.,  Machida M . ,  Machida M . I .  and Sekine T . ,  Bio- 

chim. Biophys. Acta, 317, 563 (1973) 
181. Machida M., Ushijima N.,  Machida M.I. and Kanoaka Y. , 

Chem. Pharm. Bull. Jpn . ,  23, 1385 (1975 

182. Wu C.-W., Yarbrough L . R .  and Wu F. Y . -H . ,  Biochemistry, 
115, 2863 (1976) 

183. Takahashi H., Nara Y . ,  Meguro H.  and Tsujimura K . ,  Agric., 
Biol. Chem., 43, 1439 (1979) 

184. Takahashi H.,  Yoshida T. and Meguro H. ,  Bunseki Kagaku, 
30, 341 (1980) 

185. Anzai N., Kimura T . ,  Chida S . ,  Tanaka T . ,  Takahashi H.  
and Meguro H . ,  Yakugaku Zasshi, 101, 1002 (1981) 

186. Miners J .O. ,  Fearnly I . ,  Smith K.J . ,  Birkett D . J . ,  Brooks 
P.M. and Whitehouse M.W., J .  Chromatogr., 275, 89 (1983) 

- 

- 

- 

- 

- 

- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



854 LINCEMAN ET AL. 

187. Jarrott B . ,  Anderson A.,  Hooper R .  and Louis W.J., J .  

188. Kggedal B .  and Kallberg M., J. Chromatogr., 229, 409 (1982) 
189. Duenges W .  , PraeChromatographische Mikromethoden, D r  . 

Alfred Huethig Verlag, Heidelberg-Basel-New York, 1979, p.  106 
190. Grushka E., Lam S. and Chassin J., Anal. Chem., 50, - 1398 (1978) 

191. Hayashi K., Kawase J . ,  Yoshimura K., Ara K .  and Tsuji K., 
Anal. Biochem. , 136, 314 (1984) 

192. Lam S. and Grushka E . ,  J .  Chromatogr., - 158, 207 (1978) 
193. Crozier A., Zaerr J .B .  and Morris R.O., J. Chromatogr., 233 

157 (1982) 
194. Iwamoto M., Yoshida S . ,  Chow T .  and Hirose S . ,  Yakugaku 

Zasshi, - 103, 967 (1983) 
195. Duenges W. and Seiler N., J .  Chromatogr., 145, 483 (1978) 
196. Duenges W., Meyer A . ,  Mueller K.H., Mueller M., Pietsch- 

Pharm. Sci., 70, 665 (1981) - 

mann R. ,  Plachetta C. ,  Sehr R .  and Tuss H. ,  Fres. Z .  Anal. 
Chem., - 288, 361 (1977) 

197. Gandelman M.S. and Birks J . W . ,  Anal. Chim. Acta, - 155, 159 
(1983) 

198. Kimura K .  and Shono T. .  J .  Liq. Chromatogr., K, 223 (1982) 
199. Durst H .D.,  Milano M., Kikta E .  J .  J r . ,  Connolly S .A. and 

200. Lam S .  and Grushka E . ,  J.  Liq. Chromatogr., - 1, 33 (1978) 
201. Goya S., Takadate A. ,  Fujino H .  and Irikura M., Yakugaku 

202. Goya S . ,  Takadate A . ,  Fujino H.  and Tanaka T . ,  Yakugaku 

203. Tsuchiya H.,  Hayashi T . ,  Naruse H.  and Takagi N.,  J .  

204. Takadate A. ,  Tahara T . ,  Fujino H .  and Goya S. .  Chem. 

205. Ghosh P.B. and Whitehouse M.W., Biochem J . ,  108, 155 (1968) 
206. Seiler N.,  J. Chromatogr., - 143, 221 (1977) 
207. Ahnoff M., Grundevik I . ,  Arfwidsson A. ,  Fonselius J.  and 

208. Johnson L., Lagerkvist S . ,  Lindroth P . ,  Ahnoff M .  and 

209. Roth M., Clin. Chim. Acta, - 83, 273 (1978) 
210. Yoshida H.,  Sumida T . ,  Masujima T .  and Imai H. ,  J. High 

Commun. , 5, 509 (1982) 

Grushka E . ,  Anal. Chem.. - 47, 1797 (1975) 

Zasshi, 101, 1064 (1981) 

Zasshi, - 100, 744 (1980) 

Chromatogr., 234, 247 (1982) 

Pharm. Bull. Jpn . ,  - 30, 4120 (1982) 

- 

Persson B . - A . ,  Anal. Chem., 53, 485 (1981) 

Martinsson K., Anal. Chem., 54, 939 (1982) 

Resolut. Chromatogr. Chromatogr. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



FLUORESCENCE DETECTION IN HF'LC 85 5 

211. Wolfram J .H. ,  Feinberg J . I . ,  Doerr R .C .  and Fiddler W., d .  
Chromatogr., - 132, 37 (1977) 

212. Krol G.J., Banovsky J . M . ,  Mannan C . A . ,  Pickering R . E .  
and Kho B.T. ,  J. Chromatogr., 163, 383 (1979) 

213. Imai K .  and Watanabe Y . ,  Anal.Chim. Acta, 130, 377 (1981)  
214. Imai K.,  Watanabe Y .  and Toyo'oka T . ,  Chromatographia, 

215. Watanabe Y .  and Imai K.,  Anal. Biochem., 116, 471 (1981) 

216. Wataname Y. and Imai K. ,  J. Chromatogr., 2 3 9 ,  723 (1982) 
217. Watanabe Y. and Imai K . ,  Anal. Chem., 55, 1786 (1983) 

218. Imai K. ,  Toyo'oka T .  and Watanabe Y . ,  Anal. Biochem., 13,  

219. Toyo'oka 
220. Toyo'oka T . ,  Miyano H.  and Imai K . ,  Proceedings of 104 

- 16,  214 (1982) 

471 (1983) 
T. and Imai K. ,  J .  Chromatogr., - 282, 495 (1983) 

th  

Annual Meeting of Pharmaceutical Society of Japan, Sendai, 
March, 1984, p .  558 

g r .  , 7, 839 ( 1984) 

Jpn . ,  32, 336 (1984) 

619 (1975) 

221.Guebitz G . ,  Wintersteiger R .  and Frei R.W., J. Liq. Chromato- 

222.  Sato E . ,  Miyakawa M .  and Kanaoka Y . ,  Chem. Pharm. Bull. 

223. Benson J.R. and Hare P.E. ,  Proc. Nat. Acad. Sc i . ,  U.S., 72, 

224. Lee K.S .  and Drescher D . G . ,  Int. J .  Biochem., 9 ,  - 457 (1978)  

225. Stobaugh J . F . ,  Repta A .  J . ,  Sternson L . A .  and Garren K . W . ,  

226. Roth M., Anal. Chem., __ 43, 880 (1971)  

227. Joseph M . H .  and Davies P . ,  J .  Chromatogr., 277, 
228. Joys T.M. and Kim H . ,  Anal. Biochem., 94, 371 (1979)  

Anal. Biochem., __ 135, .. 495 (1983)  

125 (1983)  

229. Cooper J . D . H .  and Turnell D . C . ,  J .  Chromatogr., 221, 158 
(1982)  

230. Drescher D . G .  and Lee K.S.,  Anal. Biochem., 84, 559 (1979)  

231. Felix A.M. and Terkelson G . ,  Arch. Biochem. Biophys., 157, 

232. Roth M .  and Hampai A., J .  Chromatogr., 83, 353 (1973)  

233. Himuro A . ,  Nakamura H .  and Tamura Z . ,  J .  Chromatogr., 

234. Himuro A. ,  Nakamura H .  and Tamura Z., Anal. Chim. Acta, 

235. Lindroth P. and Mopper K . ,  Anal. Chem., - 51, 1667 (1979)  

177 (1973) 

264, 423 (1983) 

147, 317 (1983) 

- 

~ 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



85 6 LINCEMAN ET AL. 

236. Turnell D .C .  and Cooper J.D.H.,  Clin. Chem., 28, 527 (1982) 

237. Simons S.S. J r . ,  and Johnson D.F.,  J. An. Chem. Soc., 98, 
7098 (1976) 

238. Simons S.S. J r . ,  and Johnson D.F.,  Anal. Biochem.. 82, 250 
(1977) 

239. Nakamura H.,  Matsurnoto A.  and Tamura Z.,  Anal. Lett., 15, 
139 (1982) 

240. Wheler G . H  .T .  and Russell J . T . ,  J. Liq. Chromatogr., 4, 
1281 (1981) 

241. Stuart J . D . ,  Wilson T . D . ,  Hill D.W., Walters F.H. and Feng 
S.Y., J. Liq. Chromatogr., 2, 809 (1979) 

242. Burbach J.P.H.,  Prins A.,  Lebouille J . L . M . ,  Verhoef J .  and 
Witter A . ,  J .  Chromatogr., - 237, 339 (1982)  

243. Hodgin J .C. ,  J. Liq. Chromatogr., 2 ,  1047 (1979) 

244. Maitra S . K . ,  Yoshikawa T.T. ,  Hansen J.L.,  Nilsson-Ehle I . ,  
Palin W . J . ,  Schotz M.C.  and Guze L.B., Clin. Chem., 23, 
2275 (1977) 

- 

- 

- 

- 

- 

245. D'Souza J .  and Ogilvie R.J. ,  J.  Chromatogr., 232, 212 (1982) 

246. Boehlen P .  and Schroeder R., Anal. Biochem., 126, - 144 (1982) 

247. Kucera P.  and Umagat H . ,  J .  Chromatogr., - 255, 563 (1983)  

248. Fujimoto T.  and Matsushima H., Yakuzaigaku, 41, 172 (1981) 

249. Boehlen P. and Mellet M., Anal. Biochem. , 94, 313 (1979)  

250. Nakamura H .  and Tamura Z . ,  Anal. Chem., 

251. Simons S .S .  J r . ,  and Johnson D.F . ,  J .  Org. Chem., 43, 

252. Goto J . ,  Goto N., Hikichi A. ,  Nishimaki T .  and Nambara T . ,  

- 

__ 
54, 1951 (1982)  

- 
2886 (1978) 

Anal. Chim. Acta, 120, 187 (1980) _- 
253. Goto J . ,  Goto N .  and Nambara T . ,  J .  Chromatogr., _- 239, 559 

(1982) 

254. Goya S. ,  Takadate A .  and Iwai M., Yakugaku Zasshi, 101, 

255. Munster H . A .  van, Beynen J .H. ,  Underberg W.J.M., 

256. Nakaya T . ,  Tomomoto T.  and Imoto M., Bull. Chem. SOC. Jpn., 

257. Barker S.  A . ,  Monti J .A. ,  Christian S . T . ,  Benington F. and 

258. Nimura N .  and Kinoshita T . ,  Anal. Lett . ,  13, 1 9 1  (1980)  

259. Distler W., J .  Chrornatogr., 192, 240 (1980)  

260. Watkins W.D. and Peterson B.M.,  Anal. Biochem., 125, 30 

1164 (1981) 

Lingeman H .  and Hulshoff A . ,  submitted for publication 

- 40, 691  (1967) 

Morin R . D . .  Anal. Biochem., 107, 116 (1980) 

(1982) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



FLUORESCENCE DETECTION IN HPLC 857 

261. Kamada S., Maeda M .  and Tsuji A. ,  J. Chromatogr., 272, 29 _ _  
(1983) 

262. Ikeda M., Shimada K .  and Sakaguchi T . ,  J .  Chromatogr., 272, - 
251 (1983) 

263. Ikeda M . ,  Shimada K .  and Sakaguchi T . ,  3. Chromatogr., 305, - 
261 (1984) 

264. Ikeda M., Shirnada K .  and Sakaguchi T . ,  Chern. Pharm. Bull. 

265. Kanaoka Y . ,  Yonemitsu 0 . .  Tanizawa K .  and Ban Y . ,  Chem. 

266. Steinberg S.M. and Bada J . L . ,  Mar. Chem., 11, 299 (1982) 
267. Hayashi T . ,  Tsuchiya H . ,  Todoriki H .  and Naruse H . ,  Anal. 

268. Liao J .C. ,  Hoffman N.E., Barboriak J .J .  and Roth D . A . ,  

269. Mitzutani S . ,  Wakuri Y. ,  Yoshida N.,  Nakajima T .  and 

270. Hirata T . ,  Kai M., Kohashi K .  and Ohkura Y., J .  Chromato- 

271. Fahey R.C.,  Newton G.L., Dorian R .  and Kosower E.M., 

272. Newton G.L., Randel D .  and Fahey R.C. ,  Anal. Biochem., 

273. Tocksteinovi D . ,  Slosar J . ,  Urbdnek J. and Churdcek J . ,  

274. Jandera P. ,  Pechovi H. ,  Tocksteinovi D.,  Churicek J .  and 

275. Sinsheimer J.E.,  Hong D . D . ,  Stewart J.T., Fink M.L .  and 

276. Maeda H . ,  Ishida N. ,  Kawauchi H.  and Tuzimura K. ,  J. 

277. Edman P . ,  ActaChem. Scand.,  - 4, 283 (1950) 
278. Ichikawa H. ,  Tanimura T . ,  Nakajima T.  and Tamura Z., 

Jpri., __ 30, 2258 (1982) 

Pharm. Bull. Jpn . ,  12, 799 (1964) 
_ _  

Biochem., 122, 173 (1982) 

Clin. Chem., 23, - 802 (1977) 

Tamura Z. ,  Chem. Pharm. Bull. Jpn . ,  17, 2340 (1969) 

g r . ,  226, 25 (1981) 

Anal. Biochem., 111, 357 (1981) 

114, 383 (1981) 

Mikrochim. Acta, II_, 193 (1979) 

Krdlovsky J. , Chromatographia, 16, 275 ( 1982) 

Burckhalter J . H . ,  J .  Pharm. Sci., so, 141 (1971) 
Biochem., 65, 777 (1969) 

- 

- 

- 

Chem. Pharm. Bull. Jpn . ,  18, 1493 (1970) 
279. L'Italien J . J .  and Kent S.B.H.,  J. Chromatogr., 283. 149 

(1984) 

280. Tocksteinovi D . ,  Churhcek J . ,  Slosar J .  and Skalik L . ,  
Mikrochim. Acta, I_, 507 (1978) 

281. Wintersteiger R., Gamse G .  and Packa W., Fres. Z .  Anal. 
Chem., 312, 455 (1982) 

282. Falter H. ,  Jayasimhula K .  and Day R.A., Anal. Biochem., 6 1 ,  
359 (1975) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



858 LINCEMAN ET AL. 

283. Chen S.S.-H., Kou A . Y .  and Chen H.-H.Y., J. Chromatogr., 
- 276, 37 (1983) 

284. Honda S., Suzuki S., Takahashi M., Kakehi K .  and Ganno S., 
Anal. Biochem., - 134, 34 (1983) 

285. Honda S., Matsuda Y. ,  Takahashi M., Kakehi K .  and Ganno 
S . ,  Anal. Chem., - 52, 1079 (1980) 

286. Honda S., Takahashi M., Araki Y .  and Kakehi K.,  J .  Chrom- 
atogr. ,  - 274, 45 (1983) 

287. Goto J . ,  Goto N .  and Nambara T . ,  Chem. Pharm. Bull. Jpn . ,  
30, 4597 (1982) 

288. Goto J . ,  Komatsu S . ,  Goto N .  and Nambara T . ,  Chem. Pharm., 
Bull. Jpn . ,  - 29, 899 (1981) 

289. Goto J . ,  Goto N.,  Shamsa F.,  Saito M., Komatsu S . ,  Suzaki 
K .  and Nambara T . ,  Anal. Chim. Acta, - 147, 397 (1983) 

290. Kato T .  and Kinoshita T . ,  Bunseki Kagaku, 31, 615 (1984) 
291. Ohkura Y. and Kai M., Anal. Chim. Acta, 106, 89 (1979) 
292. Goto J . ,  Saito M., Chikai T . .  Goto N .  and Nambara T . ,  J .  

Chromatogr., 276, 289 (1983) 
293. Ishida J . ,  Yamaguchi M., Kai M., Ohkura Y. and Nakamura 

M., J .  Chromatogr., 305, 381 (1984) 
294. Ishida J . ,  Kai M .  and Ohkura Y., Proceedings 104th Annual 

Meeting of Pharm. SOC. Jpn . ,  Sendai, 1984, p.  564 

295. Swarin S.J.  and Lipari F., J .  Liq. Chromatogr., s, 425 (1983) 
296. Noda H., Mitsui A .  and Ohkura Y.,  Proceedings of 104 

- 

t h  

Annual Meeting of Pharmaceutical Society of Japan, Sendai, 
March, 1984, p. 558 

297. Seki T.  and Yamaguchi Y., Anal. Lett . ,  - 15, 1111 (1982) 

298. Wintersteiger R. ,  Wenninger-Weinzierl G. and Pacha W., J .  

299. Brooks M.A., Strojny N., Hackman M.R.  and Silva J.A.F. 

300. Ascalone V. and Dal Bo L . ,  J .  Chromatogr., 276, 230 (1983) 
301. Lagerstroem P.-O., J. Chromatogr., 225, 476 (1981) 
302. Koshioka M., Harada J . ,  Takeno K. ,  Noma M., Sassa T . ,  

Chromatogr., 237, 399 (1982) 

de, J. Chromatogr., - 229, 167 (1982) 

Ogiyama K.,  Taylor J .S . ,  Rood S .B. ,  Legge R . L .  and 
Pharis R.P.,  J .  Chromatogr., 256, 101 (1983) 

303. Hansen S.H. and Ddssing M., J .  Chromatogr., 229, 141 (1982) 
304. Shimek J .L. ,  Rao N.G.S. and Wahba Khalil S.K.,  J .  Pharm. 

Sci., 70, 514 (1981) 
305. Garnier J .P. ,  Bousquet B.  and Dreux C . ,  J .  Automatic. 

Chem., 4, 64 (1982) 

- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



FLUORESCENCE DETECTION IN HPLC 859 

306. Rosano T.G., Meola J.M. and Swift T.A.,  Clin. Chem., 28, 

307. Wahlund K . - G .  and E d l h  B.,  Clin. Chim. Acta, 110, 71 (1981) 

308. Smith P.C. and Bennet L.Z., J. Chromatogr., 306, 315 (1984) 

309. Hundt H . K . L .  and Brown L.W., J .  Chromatogr., 225, 482 (1981) 

310. Huber R . ,  Zech K., Woerz M., Kronbach Th. and Voelter W., 
Chromatographia, - 16, 233 (1982) 

311. Wahlund K.-G., J. Chromatogr., - 218, 671 (1981) 

312. Westerlund D. ,  Theodorson A .  and Jaksch Y., J. Liq. Chrom- 

313. Taylor J .T.  and Freeman S . ,  Chromatogr. Newsl., S_, 1 (1981) 

314. Ogan K .  and Katz E . ,  Anal. Chem., 53, 160 (1981) 
315. Saria A . ,  Lembeck F. and Skofitsch G . ,  J .  Chromatogr., 

316. Frost T . ,  Analyst, 106, 999 (1981) 

317. Berardinis M .  de Jr. and Wargin W . A . ,  J .  Chromatogr., 

318. Ogan K .  and Katz E. ,  Chromatogr. Newsl., 1, 15 (1979) 

319. Masoud A . N .  and Cha Y . N . ,  J .  High Resolut. Chromatogr. 
Chromatogr. Commun., 5 ,  299 (1982) 

320. Gautan S.R. ,  Chungi V. ,  Hussain A . ,  Babhair S .  and 
Papadimitrou D . ,  Anal. Lett . ,  - 14,  577 (1981) 

321. Neil E . A . M .  and Jones C . R  .. J .  Chromatogr., 274, 409 ( 1983) 

322. Chiba M .  and Sassa S . ,  Anal. Biochem., 124, 279 (1982) 

323. Hi l l  R . H .  J r . ,  Bailey S.L. and Needham L.L., J. Chromato- 

324. Sakai T . ,  Niinuma Y . ,  Yanagihara S .  and Ushio K. ,  Clin. 

325. Udagawa M., Hayashi Y .  and Hirayama C . ,  J .  Chromatogr., 

326. Hayashi Y .  and Udagawa M . ,  Talanta, - 30,  368 (1983) 

327. Meyer H . D . ,  Jacob K .  and Vogt W . ,  Chromatographia, 16, 

207 (1982) 

- 
- 
- 

atogr. ,  g, 969 (1979) 

- 

208, 41 (1981) - 

__ 

246, 89 (1982) - 

g r . ,  232, 251 (1982) 

Chem., 29, 350 (1983) 

233, 338 (1982) 

- 

- 

~ 

190 (1982) 

328. Meyer H . D . ,  Vogt W .  and Jacob K . ,  J .  Chromatogr., 290, 
207 (1984) 

329. Ishimitsu T.  and Hirose S . ,  Chem. Pharm. Bull. Jpn . ,  29, __  
3400 (1981) 

330. Ishimitsu S . ,  Fujimoto S .  and Ohara A. ,  Chem. Pharm. Bull. 
Jpn . ,  30, 1889 (1982) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



LINGEMAN ET AL. 860 

331. Flatmark T . ,  Jacobsen S.W. and Haavik J . ,  Anal. Biochem., 

332. Hori S . ,  Ohtani K . ,  Ohtani S . ,  Kayanuma K .  and Ito T . ,  J .  

333. Anderson G .M., Young J .G  . , Cohen D .  J .  , Schlicht K . R .  and 

334. Geeraerts F . ,  Schimpfessel L .  and Crokaert R . ,  Chromato- 

335. Adell A.,  Tusell J.M., Artigas F . ,  Martinez E . ,  Sunol C .  

336. Lim C.K., Rideout J . M .  and Sheldon J.W.S., J .  Liq. Chrom- 

337. Honigberg I . L . ,  Stewart J . T . ,  Clark T . G .  and Davis D.Y., 

338. Hansen S.H., J.  Chromatogr., 3, 504 (1981) 
339. Smith D.E., J .  Pharm. Sci . ,  71, 520 (1982) 
340. Halmsley L.M., Chasseaud L.F. and Miller J .N.,  J .  Chromato- 

gr.9 - 226, 441 (1981) 
341. Uchino K., Isozaki S . .  Saitoh Y., Nakagawa F . ,  Tamura Z 

and Tanaka N . ,  J .  Chromatogr., 308, 241 (1984) 
342. Rapaka R.S.,  Roth J . ,  Viswanathan Ct . ,  Goehl T . J . ,  Prasad 

V . K .  and Cabana B.E.,  J. Chromatogr., 227, 463 (1982) 
343. Kerremans A.L.M., Tan Y., Ginneken C.A.M. van, and 

Gribnau F.W.J., J .  Chromatogr., 229, 129 (1982) 
344. Adams W . J . ,  Skinner G .S., Bombardt P.A., Courtney M .  and 

Brewer J .E . ,  Anal. Chem., 54, 1287 (1982) 
345. Vose C .W., Muirhead D.C., Evans G .L., Stevens P.M. and 

Burford S . R . ,  J .  Chromatogr., 222, 311 (1981) 
346. Shaw P.N., Sivner A.L., Aarons L.  and Houston J .B. ,  J .  

Chromatogr., 274, 393 (1983) 
347. Shaw P .N. ,  Aarons L.  and Houston J .B. ,  J .  Pharm. Pharma- 

col., - 32, 67 P (1980) 
348. Alfredsson G., Sedvall G. and Wiesel F.A., J. Chromatogr., 

164, 187 (1979) 
349. Houin G., Bree F . ,  Lerumeur N .  and Tillement J .P. ,  J. 

Pharm. Sci., - 72, 7 1  (1983) 
350. Yip M.S., Coates P.E. and Thiessen J . J . ,  J. Chromatogr., 

307, 343 (1984) 
351. King L.A., J .  Chromatogr., 208, 113 (1981) 
352. Cole S .C.  J . ,  Flanagan R .  J . ,  Johnston A.  and Holt D.W., J. 

Chromatogr., - 218, 621 (1981) 

107, 71 (1980) 

Chromatogr., 231, 161 (1982) 

Pate1 N., Clin. Chem., - 27, 775 (1981) 

graphia, 15, 449 (1982) 

and Gelpi E., J.  Liq. Chromatogr., 6, - 527 (1983) 

atogr. ,  6, - 887 (1983) 

J.  Chromatogr., 181, 266 (1980) 

- 

- 

- 

- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



FLUORESCENCE DETECTION IN WE 86 1 

353. Smith R .V.  and Moreno M.R. De, J. Chromatogr., 274, 376 

354. DeHaas Vermeulen J. and Thompson T.A.,  J .  Chromatogr., 

355. Lin E .T. ,  Baugham R . A .  Jr. and Benet L.Z., J .  Chromato- 

356. Alvdn G. ,  Ekman L. and Lindstroem B., J .  Chromatogr., 229 

357. Patchen L.C.,  Mount D.L., Schwartz I . K .  and Churchill F. 

358. Takahashi D.M., J .  Pharm. Sci., E, 184 (1980) 
359. 0yehaug E ,  , Bstensen E . T .  and Salvesen B . ,  J .  Chromato- 

g r . ,  227, 129 (1982) 

360. 0yehaug E . ,  0stensen E.T. and Salvesen B. ,  J .  Chromato- 
g r . ,  308, 199 (1984) 

361. Tsina I . W . ,  Fass M., Debban J.A. and Matin S .B. ,  Clin. 
Chem., 28, - 1137 (1982) 

362. Reece P.A.,  Zacest R .  and Barrow C . G . ,  J.  Chromatogr., 
163, 310 (1979) 

363. Zorz M . ,  Marusic A . ,  Smerkolj R .  and Prosek M . ,  J .  High 
Resolut . Chromatogr. Chromatogr. Commun. , - 6 ,  306 ( 1983) 

(1983) 

- 306, 4 1 2  (1984) 

g r . ,  l&, 367 (1980) 

241 (1982) 

C. ,  J. Chromatogr., - 278, 81  (1983) 

- 

- 

__ 

- 

364. Zecca L . ,  Bonini L .  and Bareggi S .R. ,  J .  Chromatogr., 2 T 2 ,  
401 (1983) 

365. Pask-Hughes R . A . ,  Corran P . H .  and Calam D . H . ,  J .  Chrom- 

366. Edlund P . O . ,  J .  Chromatogr., 226, 107 (1981) 

367. Bhamra R.K., Flanagan R . J .  and Holt D . W . ,  J .  Chromatogr., 
~ 307, 439 (1984) 

368. Jong J.W. de,  Hegge J .A . J . ,  Harmsen E .  and Tombe P.Ph. 
de ,  J .  Chromatogr., 229, - 498 (1982) 

369. Chang S .F . ,  Miller A . M . ,  Fox J.M. and Welscher T.M., J .  
Liq. Chromatogr., - 7 ,  167 (1984) 

370. Thomas E.W., J .  Chromatogr., 305, - 233 (1984) 

371. Piotrovskii V . K . ,  Belolipetskaya V.G., El'man A . R .  and 

372. Fels J . -P. ,  Lechat P . ,  Rispe R .  and Cautreels W . ,  J .  Chrom- 

373. Sasse F . ,  Hammer J .  and Berlin J . ,  J .  Chromatogr., 194, - 

374. Lefebvre M . A . ,  Julian B .  and Fourtillan J .B. ,  J. Chromato- 

a togr . ,  -_ 2 1 4 ,  307 (1981) 

__ 

Metelitsa V . I . ,  J .  Chromatogr., - 278, 469 (1983) 

a togr . ,  308, 273 (1984) 

234 (1980) 

gr.9 - 230, 199 (1982) 

-_ 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



862 LINCEMAN ET AL. 

375. Okonkwo P.O.,  Reimann J.W. and Woestenborghs R . ,  J .  

376. Kacprowicz A.T.,  Shaw P.G.,  Moulds R.F.W. and Bury R .  

377. Wheals B.B., J .  Chromatogr., 122, 85 (1976) 
378. Christie J . ,  White M . W .  and Wiles J . M . ,  J .  Chromatogr., 120, - 

496 (1976) 
379. Twitchett P. J . ,  Fletcher S.M., Sullivan A.T. and Moffat A .  

C . ,  J .  Chromatogr., 50, 73 (1978) 
380. Evans L.J. J r . ,  Young J .D. ,  Hutchison J .S.  and Baker L.H., 

J. Chromatogr., - 305, 163 (1984) 

381. Sohr R., Weishuhn I . ,  Preise R .  and Scholze J . ,  Pharmazie, 
- 38, 496 (1983) 

382. Graham D.J.M., Eadie J . ,  Leadbetter B.M. and Metcalf R . ,  
J .  Chromatogr., 275, __ 211 (1983) 

383. Hurst W.J. and Martin R . A . ,  J .  Chromatogr., 265, - 353 (1983) 
384. Glasel J.A. and Venn R.F.,  J .  Chromatogr., - 213, 337 (1981) 
385. Miyao Y . .  Suzuki A. ,  Noda K .  and Noguchi H. ,  J .  Chromato- 

386. Roux Y .  le, Gaillot J .  and Bieder A. ,  J .  Chromatogr., 230, 

387. Grundevik J .  and Persson B . A . .  J .  Liq. Chromatogr., - 5, 141 

388. Mico B.A., Baughman R . A .  J r .  and Benet L . Z . ,  J .  Chromato- 

389. Yee Y . G . ,  Rubin P.C. and Meffin P . ,  J .  Chromatogr., 172, 

390. Meredith P.A.,  McSharry D . ,  Elliott H .L .  and Reid J .L . ,  J . 

391. Timm U. and Weidekamm E .  , J .  Chromatogr., E,  107 ( 1982) 

Chromatogr., 272, 411 (1983) 

W., J .  Chromatogr., - 272, 417 (1983) 

g r . ,  275, 443 (1983) 

401 (1982) 

(1982) 

gr . ,  230, 203 (1982) 

313 (1979) 

Pharmacol. Methods, - 6, 309 (1981) 

392. Leroyer R., Jarreau C .  and Pays M., J .  Chromatogr., 228, 
366 (1982) 

393. Edstein M., Stace J .  and Shahn F . ,  J. Chromatogr., 278, 445 
(1983) 

394. Rakhit A.,  Kunitani M., Holford N . H . G .  and Riegelman S . ,  

395. Vasiliades J. and Finkel J.M., J .  Chromatogr., 278, - 117 (1983) 
396. Haefelfinger P. J. Chromatogr., 233, 269 (1982) 
397. Haefelfinger P . ,  Chromatographia, 14, 212 (1981) 
398. Roth W., J .  Chromatogr., 278, 347 (1983) 

Clin. Chem., 28, 1505 (1982) - 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



FLUORESCENCE DETECTION IN HF'U: 863 

399. Watts M.T., Raisys V. A. and Bauer L . A . ,  J .  Chromatogr., 230, - 
7 9  (1982)  

400. Shah V.P., Lee J. and Prasad V.K., Anal. Lett., 1 5 ,  - 529 ( 1 9 8 2 )  

401. Johnson S.M., Chan C . ,  Cheng S . ,  Shimek J . L . ,  Nygard G .  
and Wahba Khalil S.K.,  J .  Pharm. Sci., 71, - 1027 ( 1 9 8 2 )  

402. Rubin P.C.,  Brunton J .  and Meredith P . ,  J.  Chromatogr., 
221, 193 ( 1 9 8 0 )  

403. Piotrovskii V.K., Rumiantsev D . O .  and Metelitsa V.I . ,  J .  
Chromatogr., z??, 195 ( 1 9 8 3 )  

404. Watson E .  and Kapur P.A., J .  Pharm. Sci., 70, .- 800 ( 1 9 8 1 )  

405. Kuwada M . ,  Tateyama T.  and Tsutsumi J . ,  J .  Chromatogr., 

406. Roux A .  and Flouvat B. ,  J .  Chromatogr., 166, 327 ( 1 9 7 8 )  

407. Hippmann D .  von, and Takacs P . ,  Arzneim.-Forsch. Drug/ 

408. Lecaillon J . B . ,  Souppart C .  and Abadie F . ,  Chromatographia, 

409. Johnston G.D., Nies A.S. and Gal J . ,  J .  Chromatogr., 278, 

410. Winkler H.,  Ried W .  and Lemmer B . ,  J .  Chromatogr., 228, 

411. Nagakura A .  and Kohei H. ,  J .  Chromatogr., 232, __ 137 ( 1 9 8 2 )  

412. Babhair S .A.,  Aboul-Enein H . Y .  and El-Houfy S . ,  J .  Liq. 

413. Oosterhuis B . ,  Berg M .  van den, and Boxtel C . J .  van, J .  

414. Meredith P . A . .  McSharry D . ,  Elliott H . L .  and Reid J .L . ,  J .  

415. Pautler D . B .  and Jusko W.J., J. Chromatogr., 228, - 215 ( 1 9 8 2 )  

416. Lennard M.S. and Silas J .H. ,  J. Chromatogr., 272, 205 ( 1 9 8 3 )  

417. Miner D.J . ,  Binkley D . A .  and Bechtol L.D., Clin. Chem., 

418. Bernard N . ,  Cuisinaud G .  and Sassard J . ,  J .  Chrornatogr., 

419. Oddie C .  J . ,  Jackman G .P .  and Bobik A. ,  J .  Chromatogr., 

420. Jatlow P . ,  Busch W .  and Hochster H. ,  Clin. Chem., - 25, 777 

421. Terao N .  and Shen D . D . ,  Chromatographia, 15, 685 ( 1 9 8 2 )  

422. Guenter T.W., Rakhit A.,  Upton R . A .  and Riegelman S . ,  J .  

- 

222, 507 ( 1 9 8 1 )  - 

Res.,  _ _  33, 8 ( 1 9 8 3 )  

16 ,  158 ( 1 9 8 2 )  

204 (1983)  

223 (1982)  

- 

Chromatogr., 6 ,  _ 2785 ( 1 9 8 3 )  

Chromatogr., 226, 259 ( 1 9 8 1 )  

Pharmacol. Methods, - 6 ,  3 0 9  ( 1 9 8 1 )  

3 0 ,  717 ( 1 9 8 4 )  

228, 355 (1982)  

231, 473 ( 1 9 8 2 )  

( 1 9 7 9 )  

- 

~ 

- 

Chromatogr., - 183, 514 ( 1 9 8 0 )  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



864 LMGEMAN ET AL. 

423. Albani F . ,  Riva R .  and Baruzzi A. ,  J .  Chromatogr., 228, 362 

424. Lo M.-W., Silber B .  and Riegelman S . ,  J .  Chromatogr. Sci., 

425. Hermansson J . ,  Acta Pharm. Suec., - 19, 11 (1982) 
426. Rosseel M.T. and Bogaert M . G . ,  J .  Pharm. Sci. ,  70, 688 

427. Lefebvre M.A., Girault J . ,  Saux M.C1. and Fourtillan J .B. ,  

428. Oddie C.J . ,  Jackman G . P .  and Bobik A . ,  J .  Chromatogr., 

429. Seki T., J .  Chromatogr., _- 207, 286 (1981) 
430. Svendsen H .  and Greibrokk T., J .  Chromatogr.. 213, 429 (1981) 
431. Jackman G.P., Carson V.J . ,  Bobik A .  and Skews H., J .  

432. Anderson G . M . ,  Young J .G. ,  Batter D.K., Young S.N.,  

( 1982) 

20, 126 (1982) - 

( 1981) 

J .  Pharm. Sci., 69, 1216 (1980) 

308, 370 (1984) 

-. . 

- 

Chromatogr., -- 182, 277 (1980) 

Cohen D.J. and Shaywitz B . A . ,  J .  Chromatogr., 223, 315 
(1981) 

433. Jackman G . P . ,  Clin. Chem., 27, _- 1202 (1981) 

434. Anderson G . M . ,  Young J .G. ,  Jatlow P.I. and Cohen D.J . ,  

435. Williams D.A., Fung E . Y . Y .  and Newton D.W.,  J .  Pharm. 

436. Haavik J. and Flatmark T . ,  J .  Chromatogr., 198, 511 (1980) 
437. Graffeo A.P. and Karger B.L., Clin. Chem., 22, - 184 (1976) 
438. Anderson G.M., Young J .G. ,  Cohen D . J .  and Young S.N. ,  

J .  Chromatogr., - 228, 155 (1982) 
439. Swaisland A.J . ,  Analyst, 106, 717 (1981) 
440. Jackman G.P.,  Clin. Chim. Acta, 120, 137 (1982) 
441. Wolf W.A. and Kuhn D.M., J .  Chromatogr., 275, 1 (1983) 

442. Mais D .E., Lahr P .D.  and Bosin T .R., J .  Chromatogr., 225, 

443. Anukarahanonta T, and Chudhabudahi C . ,  J.  Chromatogr., 

444. Panalaks T. and Scott P.M., J .  Assoc. O f f .  Anal. Chem., 60, 

445. Lamplugh S.M., J. Chromatogr., - 273, 442 (1983) 
446. Cohen H., Lapointe M .  and Fremy J.M., J .  Assoc. Of f .  Anal. 

447. Kudoh M., Ozawa H . ,  Fudano S .  and Tsuji K. ,  J .  Chromato- 

Clin. Chem., 27, 2060 (1981) 

Sci., 71, - 956 (1982) 

_. 

27 (1981) 

275, 387 (1983) 

583 (1977) 

- 

Chem., E, 49 (1984) 

gr.9 - 287, 337 (1984) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



FLUORESCENCE DETECTION IN HPLC 865 

448. Prognon P . ,  Simon G .  and Mazuhier G. ,  J .  Chromatogr., 
- 272, 193 ( 1 9 8 3 )  

449. Peng Y.-M., Davis T .  and Alberts D . ,  Life Sci., 29,  3 6 1  - 
(1981)  

450. Blais D . ,  Gourmel B . .  Marty M . ,  Gisselbrecht C. ,  Bisagni E . ,  
Boiron M .  and Dreux C . ,  J .  Liq. Chromatogr., 6,  - 9 3 9  ( 1 9 8 3 )  

451. Oosterbaan M.J.M., Dirks R.J.M.,  Vree T.B. and Kleijn E .  
van der ,  J .  Chromatogr., 306, - 323 ( 1 9 8 4 )  

452. Deesen P . E .  and Leyland-Jones B., Drug Metabol. Disposition, 
1 2 ,  9 ( 1 9 8 4 )  

453. Ogasawara T . ,  Masuda Y . ,  Goto S . ,  Mori S.  and Oki T . ,  J 
Antibiot., 34, 52 ( 1 9 8 1 )  

454. Shinozawa S.  and Oda T . ,  J .  Chromatogr., 212, - 3 2 3  ( 1 9 8 1 )  

455. Baurain R. ,  Deprez-De Campeneere D .  and Trouet A. ,  Anal. 

456. Nakazawa H . ,  Riggs C . E .  J r . ,  Egorin M.J. ,  Redwood S.M., 

- 

- 

Biochem., 94, 112 ( 1 9 7 9 )  

Bachur N.R. ,  Bhatnagar R .  and Ito Y.,  J .  Chromatogr., 
307,  323 ( 1 9 8 4 )  

_- 

- 

457. Tomlinson E .  and Malspeis L . ,  J .  Pharm. Sci., 71,  - 1 1 2 1  ( 1 9 8 2 )  

458. Brown J .E. ,  Wilkinson P.E. and Brown J . R . ,  J .  Chromatogr., 
226, 5 2 1  ( 1 9 8 1 )  

459. Bots A.M.B., Oort W.J. van, Noordhoek J., Dijk A .  van, Klein 
S.W. and Hoesel Q.G.C .M.  van, J .  Chromatogr., 272,  4 2 1  ( 1 9 8 3 )  

- 

- 
460. Fandrich S.E. and Pittman K.A., J .  Chromatogr., 223, _ _  155 

( 1 9 8 1 )  

461. Moro E ., Bellotti V.,  Jannuzzo M.G., Stegnjaich S .  and Val- 
zelli G . ,  J .  Chromatogr., ~ 274, 2 8 1  ( 1 9 8 3 )  

462. Moro E .  , Jannuzzo M.G., Ranghieri M . ,  Stegnjaich S .  and 
Valzelli G . , J .  Chromatogr . , ~ 230, 207 ( 1982)  

463. Lu K.,  Savaraj N . ,  Huang M.T., Moore D .  and Loo T .L . ,  J .  
Liq. Chromatogr., - 5, 1323 ( 1 9 8 2 )  

464. Bykadi G . ,  Flora K.P.,  Cradock J .C.  and Poochikian G . K . ,  
J .  Chromatogr., - 231, 137 ( 1 9 8 2 )  

465. Strife R.J . ,  Jardine J .  and Colvin M., J. Chromatogr., 224, 
168 ( 1 9 8 1 )  

466. Werkhoven-Goewie C .E .  , Brinkman U .A.Th. , Frei R .W., 

_- 

Ruiter C .  de and Vries J. de,  J .  Chromatogr., 276, - 349 
(1983)  

467. Jui H .  and Roboz J . ,  J .  Chromatogr., - 233, 203 ( 1 9 8 2 )  

468. Woodhouse K . W .  and Henderson D.B., Brit. J .  Clin. Pharma- 
col., - 13, 605 P (1982)  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



866 LINGEMAN ET AL. 

469. Egan C.M., Jones C . R .  and McCluskey M., J. Chromatogr., 
224, 338 (1981) 

470. Andreolini F., Borra C . ,  Di Corcia A. ,  Laganh A. ,  Samperi 
R .  and Raponi G . ,  Clin. Chem., - 30, 742 (1984) 

471. Taylor J . T . ,  Knotts J.G. and Schmidt G.J . ,  Clin. Chem., 
26, 130 (1980) 

472. Krol G.J . ,  Mannan C.A.,  Pickering R . E . ,  Amato D.V., Kho 
B.T. and Sonnenschein A . .  Anal. Chem., 49, - 1836 (1977) 

473. Strusiak S.H., Hoogerheide J . G .  and Gardner S . ,  J .  Pharm. 
Sci., 71, - 636 (1982) 

474. Sundaresan G . M .  , Goehl T.  J .  and Prasad V . K . ,  J .  Pharm. 
Sci., 70, 702 (1981) 

475. Cohen H. and Lapointe M.R., J .  Assoc. O f f .  Anal. Chem., 
63, 642 (1980) 

476. Trenholm H . L . ,  Warner R.M. and Farnworth E . R . ,  J .  Assoc. 
Off .  Anal. Chem., - 64, 302 (1981) 

477. Haroon Y., Shearer M.J. and Barkhan P . ,  J .  Chromatogr., 
206, 333 (1981) 

478. Smith M.D., J. Chromatogr., 182, 285 (1980) 
479. Lumley J.D. and Wiggins R . A . ,  Analyst, - 106, 1103 (1981) 

480. Jansson L . ,  Nilsson B .  and Lindgren R. ,  J .  Chromatogr.. 

481. Rammell C.G., Cunliffe B .  and Kieboom A . J . ,  J.  Liq. Chrom- 

482. Lehmann J .  and Martin H.L., Clin. Chem., - 28, 1784 (1982) 
483. Lehmann J .  and Martin H. L. ,  Clin. Chem., 29, 10 (1983) 
484. Biesalski H.K., Ehrenthal W., Hafner G .  and Harth D.,  

Git Fachz. Lab., Suppl. Chromatogr., 4, - 6 (1981) 
485. Hatano H., Yamamoto Y.,  Saito M., Mochida E .  and Watanabe 

S . ,  J .  Chromatogr., - 83, 373 (1973) 

486. Speek A.J . ,  Schaik F .  van, Schrijver J .  and Schreurs W . H .  
P . ,  J .  Chromatogr., 228, - 311 (1982) 

487. Yoshida T . ,  Yunoki N . ,  Nakajima Y ., Kaito T.  and Anno T . ,  
Yakugaku Zasshi, - 98, 1319 (1978) 

488. Pierotti J .A.,  Dickinson A . G . ,  Palmer J.K. and Driskell J . A . ,  
J .  Chromatogr., 306, - 377 (1984) 

489. Taylor P. and Barnes P . ,  Chem. Ind. ,  20, 722 (1981) 
490. Ikeda M., Shimada K .  and Matsumoto U . ,  Bunseki Kagaku, 

491. Reid A . D .  and Baker P.R. ,  J. Chromatogr., 250, 115 ( 1983) 

- 

- 

- 

- 

181, 242 (1980) 

atogr., 5 ,  1123 (1983) 

- 

33, 122 (1984) - 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



FLUORESCENCE DETECTlON IN HPLC 867 

492. Cisse H.,  Farinotti R . ,  Kirkiacharian S .  and Dauphin A . ,  J .  
Chromatogr., 225, 509 ( 1 9 8 1 )  

493. Gonnet C.,  Marichy M .  and Philippe N . ,  Analysis, 7 ,  370 ( 1979)  

494. Voelter W., Huber R .  and Zech K. ,  J .  Chromatogr., - 217,  4 9 1  
(1981)  

495. Katz S . ,  Pitt W . W .  J r .  and Jones G .  J r . ,  Clin. Chem., - 19, 
817 ( 1 9 7 3 )  

496. Bayne W.F., East T .  and Dye D. ,  J .  Pharm. Sci. ,  70, - 458 
( 1 9 8 1 )  

497. Kieber D.J. and Mopper K . ,  J .  Chromatogr., 281, 1 3 5  ( 1 9 8 3 )  

498. Hayashi T . ,  Tsuchiya H .  and Narase H . ,  J .  Chromatogr., 

499. Imaoka S . ,  Funae Y., Sigimoto T . ,  Hayahara N .  and Maekawa 

500. Hatsumi M., Kimata S . - l .  and Hirosawa K. ,  J .  Chromatogr., 

501. Turk J . ,  Weiss S . J . ,  Davis J.E. and Needleman P . ,  Prosta- 

502. Twitchett P . J . ,  Williams P.L. and Moffat A.C., J. Chromato- 

503. Wolkoff A . W .  and Larose R.H. ,  J .  Chromatogr., 99, - 7 3 1  ( 1 9 7 4 )  

504. Duenges W., Naundorf G .  and Seiler N . ,  J .  Chromatogr. Sci., 

505. Gaetani E . ,  Laureri C.F. ,  Vitto M .  and Bordi F . ,  I1 Farmaco, 

506. Hoffmann B . ,  Tannert U .  and Groebel W . ,  Fres.  Z .  Anal. 

507. Alexander N . M . ,  Anal. Chem., 30, 1292 ( 1 9 5 8 )  

508. K%gedal B . ,  Kaellberg M .  and Soerbo B . ,  J .  Chromatogr., 

509. Simons S . S .  and Johnson D .F . ,  J. O r g .  Chem., 43, 2886 

510. Zech K .  and Voelter W . ,  Chromatographia, ' 8 ,  - 350 ( 1 9 7 5 )  

511. Jonker K . M . ,  Poppe H .  and Huber J .F .K. ,  Chromatographia, 

273, 245 ( 1 9 8 3 )  

M . ,  Anal. Biochem., 128, 459 ( 1 9 8 3 )  

253, 2 7 1  ( 1 9 8 2 )  

glandins, - 16, 2 9 1  (1981)  

gr . .  - 149, 683 ( 1 9 7 8 )  

- 

- 

__ 

12,  665 ( 1 9 7 4 )  

Ed. P r . ,  37, 235 ( 1 9 8 2 )  

Chem., 307, 389 ( 1 9 8 1 )  

- 

- 

- 

- 

276, 418 ( 1 9 8 3 )  

( 1 9 7 8 )  

- 
- 

- 11, 123 ( 1 9 7 8 )  

512. Ishida Y . ,  Fujita T .  and Asai K . ,  J .  Chromatogr., 204, 143 
( 1 9 8 1 )  

513. Hughes G .  J . ,  Winterhalter K.H., Boller E .  and Wilson K .  J . .  

514. Cronin J .R . ,  Pizzarello S .  and Gandy W . E . ,  Anal. Biochem., 

J. Chromatogr., 235, 417 ( 1 9 8 2 )  

93, .. ~ 174 ( 1 9 7 9 )  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



868 LMGEMAN ET AL. 

515. Sato N. and Yagi K., J. Chromatogr., 242, 185 (1982) 
516. Lustenberger N.,  Lange H.W. and Hempel K., Angew. Chem. 

Int. Ed. Engl., 11, 227 (1972) 
517. Bayer E. ,  Grom E. ,  Kaltenegger B .  and Uhmann R.,  Anal. 

Chem., 48, 1106 (1976) 
518. Yuan P.-M., Pande H.  , Clark B . R .  and Shively J . E . ,  Anal. 

Biochem, , 120. 289 (1982) 
519. Lewis R . V .  and DeWald D., J .  Liq. Chromatogr., 5, 1367 (1982) 
520. Schlabach T.D. and Wehr T.C., Anal. Biochem., 127, 222 (1982) 

521. Martin P., Polo C . ,  Cabezudo M.D. and Dabrio M.V., J .  Liq. 
Chromatogr., 1. 539 (1984) 

522. Einarsson S., Josefsson B .  and Lagerkvist S., J. Chromato- 
g r . ,  282,  609 (1983) 

523. Price S . J . ,  Palmer T .  and Griffin M., Chromatographia, 18, 
62 (1984) 

524. Cooper J.D.H.,  Lewes M.T. and Turnell D . C . .  J .  Chromato- 
g r . ,  582, 490 (1984) 

525. Hogan D . L . ,  Kraemer K .L .  and Isenberg J . I . ,  Anal. Biochem., 
- 127, 17 (1982) 

526. Griffin M., Price S.J .  and Palmer T . ,  Clin. Chim. Acta, 
125, 89 (1982) 

527. Wassner S.J .  and Li J .B . ,  J .  Chromatogr., 227, 497 (1982) 
528. Mabuchi H .  and Nakahashi H.,  J .  Chromatogr., 233, 107 (1982) 
529. Radjai M . K .  and Hatch R .T . ,  J. Chromatogr., 196, 319 (1980) 

- 

- 

__ 

- 

- 

- 

530. Kneifel H .  and Jandel A.-S., J .  Liq. Chromatogr., - 6, 1395 
(1983) 

531. Gaetani E., Laureri C.F.,  Vitto M.  and Bordi F . ,  I1 Farmaco, 

532. Shih F.F. and Kalmar A.D., J. Liq. Chromatogr., 7_. 469 (1984) 
533. Kuwada M. and Katayama K., Anal. Biochem., 131, - 173 (1983) 

Ed. Pr., - 37, 253 (1982) 

534. Nakazawa K., Tanaka H .  and Arima M., J .  Chromatogr., 233, 
313 (1982) 

535. Engbaek F. and Magnussen J . ,  Clin. Chem., - 24, 376 (1978) 
536. Hung S.S.O. and Moon T.W.. J. Chromatogr., _. 269, 114 (1983) 

537. Adams R.F . ,  Schmidt G .  J .  and Vandemark F . L . ,  Clin. Chem., 

538. Nishio H. and Segawa T . ,  Anal. Biochem., 135, 312 (1983) 
539. Schmidt G ,  J . ,  Olson D . C .  and Atwood J . G .  , Chromatogr. 

540. Eslami M .  and Stuart J . D . ,  J .  Liq. Chromatogr., 7, - 1117 (1984) 

- 23, 1226 (1977) 

Newsl., - 8, 13 (1980) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



FLUORESCENCE DETECTION IN HPLC 869 

541. 

542. 

543. 

544. 

545. 

546. 

547. 

548. 

549. 

550. 

551. 

552. 

553. 

554. 

555. 

556. 

557. 
558. 

559. 

560. 

561. 

562. 

Davis A.T. ,  Ingalls S .T.  and Hoppel C .L. ,  J. Chromatogr., 
- 306, 79 (1984)  

Inoue S . ,  Tokuyama T .  and Takai K. ,  Anal. Biochem., - 132, 
468 (1983) 
Hare T.A. and Bala Manyam N.V., Anal. Biochem., l s ,  349 
(1980) 

Griesmann G .E., Chan W .-Y. and Rennert O .M. ,  J. Chrom- 
atogr. ,  230, 1 2 1  (1982) 

Farid N . A . ,  J .  Pharm. Sci . ,  68, 249 (1979)  

Fischer C . ,  Maier K .  and Klotz U . ,  J .  Chromatogr., 225, 498 
(1981) 

Wuis E . W . ,  Dirks R .  J.M. , Vree T .B .  and Kleyn E .  van der ,  
J .  Chromatogr. , submitted for publication 

Sista H . S . ,  Dye D . M .  and Leonard J .  , J. Chromatogr., 273. 
464 (1983) 

Grove J . ,  Alken R . G .  and Schechter P.G., J .  Chromatogr., 
306, 383 (1984)  

Lawrence J . F . ,  Brinkman U .A.Th. and Frei R .We, J .  Chrom- 
atogr. ,  - 185, 473 ( 1979) 

Yazawa K .  and Tamura Z . ,  J .  Chromatogr., 254, 327 (1983)  

Narayanan T . K . and Greenbaum L . M . , J , Chromatogr . , - 306, 
109 (1984) 

Frei R.W., Lawrence J .F . ,  Brinkman U.A.Th. and Honigberg 
l . ,  J .  High Reso1ut.Chromatogr. Chromatogr. Commun., 2 ,  - 11 
(1979)  

Hayashi Y.,  Miyake S . ,  Kuwayama M., Hatlori M .  and Usui Y., 
Chem. Pharm. Bull. Jpn . ,  30, 4107 (1983)  

Ida S . ,  Tanaka Y. ,  Ohkuma S .  and Kuriyama K . ,  Anal. Biochem., 
136, 352 (1984)  

Brinkman U .A.Th. ,  Welling P .L .M. ,  Vries G .  de ,  Scholten A .  
H . M . T .  and Frei R .W. ,  J .  Chromatogr., 217, 463 (1981) 

Jane 1. and Taylor J .F . ,  J .  Chromatogr., 109, 37 (1975)  

Bannister J .S. ,  Stevens J . ,  Musson D .  and Sternson L.A.,  
J .  Chromatogr., 176, 381 (1979)  

Reece P . A . ,  Cozamanis I .  and Zacest R . ,  Proceedings 6 
Aust. Symp. Anal. Chem., August 23-28, 1981, p.  121 
Scholten A.H.M.T. and Frei R.W., J .  Chromatogr., 17s. 349 
(1979) 

Bombardt P . A ,  and Adams W .  J . ,  Anal. Chem., 54, 1087 ( 1982) 

Hung Y . - L . ,  Kai M ,  Nohta H .  and Ohkura Y., J .  Chromato- 
gr.9 305, - 281 (1984) 

- 

- __ 

_. 

_ _  

- 

~ 

__ th  

- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



870 LINGEMAN ET AL. 

563. Hiraga Y. and Kinoshita T., J .  Chromatogr., 226, 43 (1981) 

564. Kai M., Miyazaki T .  Yamaguchi M .  and Ohkura Y . ,  J .  Chrom- 
atogr. ,  268, 417 (1983) 

565. Baker M.D., Mohammed H . Y .  and Veening H. ,  Anal. Chem., 
53, .- 1658 (1981) 

566. Brodie R . R . ,  Chasseaud L.F . ,  Rooney L . ,  Darragh A .  and 
Lambe R.F. J .  Chromatogr., 274, 179 (1983) 

567. Cociglio M., Sauvaire D .  and Alric A .  , J .  Chromatogr., 307, 
351 (1984) 

568. Honda S . ,  Konishi T . ,  Suzuki S . ,  Takahashi M . ,  Kakehi K .  
and Ganno S . ,  Anal. Biochem., 134, 483 (1983) 

569. Honda S., Konishi T . ,  Suzuki S . ,  Kakehi K .  and Ganno S . ,  
J .  Chromatogr., 281, 340 (1983) 

570. Tsuruta Y.,  Kohashi K .  and Ohkura Y., J .  Chromatogr., 2 2 ,  
105 (1981) 

571. Tsuruta Y., Kohashi K .  and Ohkura Y.,  J. Pharmacobio-Dyn., 
3, 17  (1980) 

572. Laureri C.F. ,  Gaetani E . ,  Vitto M .  and Bordi F . ,  I1 Farmaco, 
Ed. P r . ,  39, 29 (1984) 

573. Skofitsch G., Saria A . ,  Holzer P.  and Lembeck F . ,  J .  Chrom- 
atogr. ,  226, 53 (1981) 

574. Robert J .C . ,  Vatier J . ,  Nguyen Phuoc B . K .  and Bonfils S . ,  
J. Chromatogr., - 273, 275 (1983) 

575. Nondek L . ,  Frei R.W. and Brinkman U.A.Th.,  J .  Chromatogr., 
282, 141 (1983) 

576. Derendorf H .  and Garrett E.R. ,  J .  Pharm. Sci., 72, 630 (1983) 

577. Farid N . A .  and White S .M. ,  J .  Chromatogr., 275. 458 (1983) 

-_ 

-- 

__ 

- 

- 

- 
- 

--_ 
578. Rhys Williams A.T.  and Winfield S .A . .  Analyst, 107, 1092 __ 

(1982) 

579. Nelson P.E.,  Nolan S.L. and Bedford K.R. ,  J .  Chromatogr., 

580. Klimisch H.-J. and Ambrosius D. ,  J .  Chromatogr., _ _  121, 93 

581. Horowitz J .D. ,  Morris P.M., Drummer O . H . ,  Goble A.J. and 

234, 407 (1982) 

(1976) 

Louis W.J., J .  Pharm. Sci. ,  10, 320 (1981) 

- 

582. Dye D . ,  East T .  and Bayne W.F., J. Chromatogr., 284, _ _ _  457 
(1984) 

583. Takagi T . ,  Chung T.-G. and Saito A.,  J .  Chromatogr.. 272. ~ __ 
279 (1983) 

584. Mach H . ,  Kersten H .  and Kersten W., J .  Chromatogr., 223, 
51 (1981) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



FLUORESCENCE DETECTION IN HPLC 87 1 

585. Prussak C . E .  and Russel D . H . ,  J.  Chromatogr., 229 ,  47 (1982)  

586. Abdel-Monem M . M .  and Merdink J . L . ,  J.  Chromatogr., 222, 
363 (1981) 

587. Vandemark F.L.,  Schmidt G.J. and Slavin W., J .  Chromato- 
gr. Sci., 16,  465 (1978) 

588. Kai M., Ogata T . ,  Haraguchi K .  and Ohkura Y.,  J .  Chromato- 
gr.1 - 163, 151 (1979) 

589. Skaaden T .  and Greibrokk T . ,  J .  Chromatogr., 247, 111 
(1982) 

590. Branca C. ,  Gaetani E . ,  Laureri C.F. and Vitto M . ,  I1 Farma- 
co,  Ed, P r . ,  36,  518 (1981)  

591. Wagner J . ,  Danzin D .  and Mamont P . ,  J .  Chromatogr., 3, 
349 (1982) 

592. Simpson R.C. ,  Mohammed H . Y .  and Veening H . ,  J .  Liq. 
Chromatogr., 5 ,  245 (1982) 

593. Licht A . ,  Bowman R . L .  and Stein S . ,  J .  Liq. Chromatogr., 
4 ,  825 (1981) 

594. Cronin J.R. and Hare P . E . ,  Anal. Biochem., 81, 151 ( 1977) 

595. Toyo'oka T . ,  Watanabe Y .  and Imai K. ,  Anal. Chim. Acta, 

596. Nakamura H . ,  Takagi K . ,  Tamura Z.,  Yoda R .  and Yamamoto 

- 
-_ 

__ 

-_ 

- 

149, 305 (1983) 

Y . ,  Anal. Chem., 56,  919 (1984) 

~ 

- 
597. Assenza S .P .  and Brown P .R. ,  J .  Chromatogr., 289, 355 

(1984)  
598. Robinson J.W., EDRO SARAP Res. Tech. Rep., - 2,  23 ( 1977) 

599. Lang J . R . ,  Honigberg I . L .  and Stewart J . T . ,  J .  Chromatogr., 

600. Sams R . ,  Anal. Let t . ,  __ 11,  697 (1978) 

601. Suckow R .F . ,  Cooper T . B .  and Asnis G .M., J. Liq. Chrom- 
atogr . ,  6 ,  - 1111 (1983) 

602. Reddingius R . J . ,  Jong G . J .  de ,  Brinkman U.A.Th. and Frei 
R . W . ,  J .  Chromatogr., __ 205, 77 (1981) 

603. Brown R . R . ,  Bain R .  and Jordan V.C.,  J. Chromatogr., 272, - 
351 (1983) 

604. Camaggi C . M . ,  Strocchi E. ,  Canova N .  and Pannuti F . ,  J .  
Chromatogr., _- 275, 436 (1983)  

605. Lindner W . ,  Frei R.W.  and Santi W., J .  Chromatogr., 111, 
365 (1975)  

606. Swynnerton N .F. ,  McGovern E . P . ,  Mangold D .  J . ,  Nifio J . A . ,  
Gause E.M. and Fleckenstein L .  , J .  Liq. Chromatogr., - 6 ,  

252, 288 ( 1982) - 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



a12 LINGEMAN ET AL. 

1523 (1983) 

atogr . ,  278, 35 (1983) 

( 1983) 

607. Kito M., Tawa R. ,  Takestrima S .  and Hirose S . ,  J .  Chrom- 

608. Farrell B.M. and Jefferies T.M., J .  Chromatogr., 272, 111 

609. Kinberger B . ,  J .  Chromatogr., 213, 166 (1981)  

610. Allenmark S . ,  J .  Liq. Chromatogr., 5 ,  1 (1982)  

611. Krstulovid A . M . ,  J.  Chromatogr., 229, 1 (1982)  

612. Seki T .  and Yamaguchi Y., J. Chromatogr., 287, 407 (1984)  

613. Schwedt G. ,  Anal. Chim. Acta, 92, 337 (1977)  

614. Froehlich P.M. and Cunningham T .D. ,  Anal. Chim. Acta, _. 97, 

615. Schwedt G.,  Chromatographia, - 10, 92 (1977)  

616. Yamada K .  and Aizawa Y., J .  Pharmacol. Methods, 9, 1 (1983)  

617. Davis T . P . ,  Gehrke C.W. J r . ,  Williams C . H . ,  Gehrke C.W. 
and Gerhardt K . O . ,  J .  Chromatogr., 228, 113 (1982)  

618. Me11 L .D.  J r . ,  Dasler A . R .  and Gustafson A . B . ,  J .  Liq. 
Chromatogr., 1, 261 (1978) 

- 

__ 

-_ 
- 

- 

357 (1978) 

- 

619. Causon R . C .  and Carruthers M.E., J .  Chromatogr., 229, - 3 0 1  
( 1982) 

620. Nimura N . ,  Ishida K .  and Kinoshita T . ,  J .  Chromatogr.. -. 221, 
249 (1980)  

621. Christenson R . H .  and McGlothlin C . D . ,  Anal. Chem., 54, - 
2015 (1982)  

622. Schwedt G . ,  Fres.  Z. Anal. Chem., 293, 40 (1978)  

623. Hojo T . ,  Nakamura H .  and Tamura Z . ,  J.  Chromatogr., 247, 

624. Garnier J .P . ,  Bousquet B .  and Dreux C .  , Analysis, 7, - 355 

625. Kishimoto Y . ,  Ohgitani S . ,  Yamatodani A. ,  Kuro M .  and 

626. Christenson R.H., McGlothlin C.D., Hedrick R .  and Cate J .  

627. Meyer J .  and Portmann P . ,  Pharm. Acta Helv., - 57. 12 (1982)  

628. Trocewicz J . ,  Kato N . ,  Oka K .  and Nagatsu T . ,  J .  Chrom- 
atogr. ,  __ 233, 328 (1982)  

629. Tuinstra L.G .M.Th. and Haasnoot W., J .  Chromatogr., 282, 
457 (1983)  

630. Cohen H .  and Lapointe M., J .  Assoc. Off .  Anal. Chem., 64, 

- 

157 (1982) 

(1979) 

Okumura F . ,  J .  Chromatogr., 231, 1 2 1  (1982)  

C .  I V ,  Clin. Chem., 28, 1204 (1982)  - 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



FLUORESCENCE DETECTION IN HPLC 873 

1372 (1981) 

256, 243 (1983)  

Biochem., 113, 130 (1981) 

L . A . ,  J.  Chromatogr., 190, 367 (1980) 

Chem., 52, 2018 (1980) 

631. Mopper K.,  Stahovec W.L. and Johnson L. ,  J .  Chromatogr., 

632. Honda S . ,  Takahashi M., Kakehi K .  and Ganno S . ,  Anal. 

633. Tolan J.W., Eskola P . ,  Fink D.W., Mrozik H .  and Zimmerman 

634. Mopper K., Dawson R . ,  Liebezeit G .  and Hansen H.-P., Anal. 

635. Nuor S . K . ,  Vialle J .  and Rocca J .L . ,  Analysis, 7 ,  381 (1979)  

636. Alpenfels W.F., Anal. Biochem., 114, 153 (1981)  

- 

- 

__ 

-_ 

- 

- 
637. Schlabach T.D. and Robinson J . ,  J .  Chromatogr., 282, 169 

( 1983) 

638. Essers L . ,  J .  Chromatogr., 305, 345 (1984)  

639. Veronese F . ,  Lazzarini R . ,  Schiavon 0. and Better0 A. ,  11 
Farmaco, Ed. P r . ,  31, 390 (1982) 

640. Miyazaki K.,  Ohtani K. ,  Sunada K .  and Arita T . ,  J .  Chrom- 
atogr . ,  22, 478 (1983) 

641. Kawamoto T . ,  Mashimo I . ,  Yamaguchi S .  and Watanabe M . ,  J .  
Chromatogr., 305, 373 (1984)  

642. Crombez E . ,  Weken G .  van der ,  Bossche W .  van den and 
Moerloose P.  de ,  J .  Chromatogr., 177, 323 (1979)  

643. Tsuji K.,  J .  Chromatogr., 158, 337 (1978)  

644. Marples J .  and Oates M . D . G . ,  J .  Antimicrobial Chemotherap., 

645. Mays D.L.,  Apeldoorn R . J .  van and Lauback R.G. ,  J .  Chrom- 

646. Rogers M.E., Adlard M . W . ,  Saunders G .  and Holt G . ,  J .  

647. Fujimoto T .  and Matsushima H.,  Yakuzaigaku. - 41, 172 (1981)  

648. Buchberr-er W .  , Winsauer K .  and Nachtmann F . ,  Fres. Z .  Anal. 

649. Myers H . N .  and Rindler J . V . ,  J. Chromatogr., 176, 103 

650. Stobberingh E.E.,  Houben A . W .  and Boven C.P.A. van, J .  

651. Jonkers R.E. ,  Oosterhuis B . ,  Berge R .  J.M. ten and Boxtel 

652. Nelson J . A .  , Biological Biomedical Applications in Liquid 

__ 

- 

- 10,  311 (1982) 

atogr. ,  - 120, 93 (1976)  

Chromatogr., 257, 91 (1983)  __ 

Chem., 315, 525 (1983)  

(1979) 

Clin. Microbiology, 15,  795 ( 1982) 

C . J .  van, J .  Chromatogr., 233, 249 (1982)  

Chromatography, in Chromatography Science Series, Vol. 10,  

- 
-_ 

- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



874 LINCEMAN ET AL. 

653. Sternson L.A., Meltzer N .  and Shih F . ,  Anal. Lett . ,  14, 583 

654. Harman P .J . ,  Blackman G . L .  and Phillipou G . ,  J .  Chromato- 

655. Goto J . ,  Shamsa F . ,  Goto N .  and Nambara T . ,  J .  Pharm. 

656. Shihabi Z .K., Andrews R . I .  and Scaro J . ,  Clin. Chim. Acta, 

657. Seki T .  and Yamaguchi Y.,  J. Liq. Chromatogr., 6, 1131 (1983) 
658. Rhys Williams A .T . ,  Winfield S.A. and Belloli R . C . ,  J .  Chrom- 

659. Toothaker R.D., Sundaresan G . M . ,  Hunt J . P . ,  Goehl T . J . ,  

- 
( 1981) 

gr.9 __ 225, 131 (1981) 

Biomed. Anal., - 1, 83 (1983) 

124, 75 (1982) - 

- 

atogr. ,  235, 461 (1982) 

Rotenberg K.S., Prasad V.K., Craig W . A .  and Welling P . G . .  
J .  Pharm. Sci. ,  71, 573 (1982) 

660. Goto J . ,  Shamsa F. and Nambara T . ,  J. Liq. Chromatogr., 6, 
1977 (1983) 

661. Seki T. and Yamaguchi Y . ,  J.  Chromatogr., - 305, 188 (1984) 

662. Horikawa R . ,  Tanimura T .  and Tamura Z . ,  J .  Chromatogr., 

663. Reh E. and Schwedt G . ,  Fres. Z. Anal. Chem., 303, 117 (1980) 
664. Desbene P.-L., Coustal S .  and Frappier F . ,  Anal. Biochem., 

665. Lefevere M .F. , Frei R ,  W., Scholten A .H . M  .T. and Brinkman 

_ _  

- 

- 168, 526 (1979) 

- 

- 128, 359 (1983) 

U.A.Th., Chromatographia, - 15, 459 (1982) 

666. Kimura M . .  Panijpan B. and Itokawa Y . ,  J .  Chromatogr., 245, - 
141 (1982) 

667. Ohta H. ,  Baba T . ,  Suzuki Y .  and Okada E., J .  Chromatogr., 

668. Bonternps J .  , Philippe P., Bettendorff L.,  Lombet J . ,  Dandri- 

284, 281 (1984) 

fosse G . ,  Schoffeniels E .  and Crommen J . ,  J .  Chromatogr., 
307, 283 (1984) 

- 

- 
669. Wielders J.P.M. and Mink Chr.J .K. ,  J .  Chromatogr., 271, 145 

(1983) 
670. Speek A.J. ,  Schrijver J. and Schreurs W.H.P., J .  Chromato- 

gr . ,  305, 53 (1984) 
671. Langenberg J.P.  and Tjaden U . R . ,  J .  Chromatogr., 305, - 61 

(1984) 
672. Kanegsberg B .  and House J . ,  Clin. Chem., 28. - 1592 (1982) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


