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A STUDY OF ADRENALINE-DANSYL DERIVATIVES 
FOR SEPARATION BY LIQUID CHROMATOGRAPHY. 
APPLICATION TO BLOOD PLASMA ANALYSIS 

R.W. Frei 
Department of Analytical Chemistry 
The Free University at Amste'rdam 
Amsterdam 1011, The Netherlands 

M. Thomas and I. Frei 
Analytical Research and Development 
Pharmaceutical Department, Sandoz 
4 0 0 2  Basel, Switzerland 

ABSTRACT 

A plausible mechanism and explanation for the 
instability of the tri-dans adrenaline has been given. 
The formation of dimeres accompanied by the loss  of 
one dansyl moiety per adrenaline molecule seems to 
take place upon U.V. irradiation. This is followed 
by an increase in fluorescence due to release of 
strain (steric hindrance) on the molecule. 

The feasibility of the pre-column dansylation 
technique for the analysis of adrenaline and noradre- 
naline in plasma samples has been demonstrated. 
Taking necessary precautions, quantitation in the low 
nonagram region is possible with a reproducibility 
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of below 5% rel. S.D. inspite of the inherent insta- 
bility of the derivatives. 

INTRODUCTION 

The HPLC separation of catecholamines, adrenaline 
and noradrenaline in particular, has been discussed 
in several papers recently and a comparative table 
for the various techniques has been published by 
Schwedt’. Thus it seems that the separation and de- 
termination of these components at least in artifi- 
cial mixtures does not pose any great problems. 

The determination of these two components in 
blood samples or,to a lesser degree in urine samples, 
is still less than satisfactory resolved. For routine 
clinical analysis a fluorimetric approach2 is fre- 
quently used,forning a trihydroxyindole derivative. 
This technique is sensitive and selective enough to 
permit quantitation of adrenalines in a complex bio- 
logical matrix but is not ideal for an individual 
assessment of adrenaline and noradrenaline. In such 
a situation the separation should be effected chroma- 
tographically while still maintaining the needed low 
detection limits. 

has been discussed for this purposelt3. The use of a 
phtalaldehyde (OPT) -reaction detector3 following re- 
versed-phase or ion-exchange separations, works well 
for catecholamines with primary amino groups but does 
not permit determination of adrenaline. Adoption of the 
trihydroxy indole technique2 seems to be an elegant 
approach to routine determination of adrenaline and 
noradrenaline as separate entities; unfortunately its 
application to actual samples has not been demon- 
strated . 

The coupling of HPLC and post-column derivatization 
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The above approach, while excellent for large 

series of samples, is rather complex from the appa- 
rative point of view and therefore less suited for 
the occasional analysis. In such a case pre-column 
derivatization techniques with fluorigenic reagents 
such as described in a recent review for catechol- 
amines4 offer an alternative while still maintaining 
the needed selectivity and sensitivity. 

cholamines with FluramR has been discussed 5 ’ 6  but 
like with OPT, adrenaline can not be handled since 
it has no primary amino group. 

The pre-chromatographic derivatization of cate- 

The most promising approach seems therefore the 
dansylation procedure discussed for these types of 
compounds allready in 1965’. A first systematic study 
€or the dansylation of adrenaline was published by 
Nachtmann et a1.8 with the purpose of developing a 
fluorescence densitometric TLC method. Schwedt and 
Bus s emas 
ves are separated advantageously with HPLC rather 
than TLC due to their strong sensitivity toward light. 
It was thereby possible to completely separate the 
dansyl derivatives of noradrenaline and adrenaline 
even in ratios of 5 : l  (NA:A),as expected in natural 
plasma samples. Unfortunately again,a practical appli- 
cation has not been shown and it was the purpose of 
this work to investigate the inherent problems of 
such an approach and to test the feasibility of 
blood plasma analysis via dansyl derivatives of these 
compounds despite the high instability of the deri- 
vatives and the high danger of artefact formation. 

lo have shown later , that these derivati- 
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EXPERIMENTAL 

Reagents 

L-adrenaline 
L-noradrenaline Rhein (GFR) 
I-dimethylamino-naphtaline-5-sulfochloride puriss. 
(dans-Cl). p.a. Fluka, Buchs, Switzerland. 
acetone, benzene, methanol, anhydrous sodium sulphate, 
sodium carbonate, hydrochloric acid; analytical grade, 
Merck Darmstadt, GFR. 

} C.H. Boeringer Sohn, Ingelheim am 

Apparatus 

Zeis PMQ I1 spectrophotometer equiped with ZFM4 
fluorescence attachment (Zeiss, Oberkochen, GFR). 
Perkin-Elmer MPF-4 spectrofluorimeter equiped with 
TLC scanner and SIP-1 integrator (Perkin-Elmer Inc. 
Norwalk, Conn. U.S.A.). 

Standard TLC equipment; Merck silica gel plates 
Cat. No. 5721. HPLC equipment: Pump Waters M 6000, 
(Waters Inc. Mass. U.S.A.). Detector Aminco - Fluoro 
Monitor (Amer. Instr. Co. , Silver Springs, U.S.A.). 
Column: Lichrosorb SI 100 5 pm, length 10 cm, i.d. 
0.46 cm packed according to a dynamic slurry proce- 
dure . 11 

Preparation of Derivatives for Structural Confirmation 

27 mg adrenaline (0,15 moles) are dissolved in 
12 ml 0.01 N HC1 and 10 ml H20 are added. To this 
solution one successively adds a solution of 280 mg 
dans-C1 in 150 ml acetone and then 100 ml of a 0.1% 
sodium carbonate solution. The pH is adjusted to 8.5 
by adding a few drops of 2 N HC1 solution. The reaction 
takes place at 45O C for 20 minutes. After cooling the 
reaction mixture, 10 ml saturated NaCl solution is 
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added and extraction of the derivatives carried out 
with 2 x 200 ml benzene. The benzene fractions are 
dryed over anhydrous sodium sulphate, evaporated to 
dryness and redissolved in 25  ml benzene. 

This solution is treated with 2 x 25 ml and 1 x 
10 ml 2 N HC1 and by 10 ml H20. The combined aqueous 
fractions are neutralized with a 5% solution of sodium 
carbonate and adjusted to pIi 11 .5  with solid sodium 
carbonate. A yellow noncrystalline precipitate appears 
which is extracted with 2 x 25 ml benzene. The benzene 
fractions are again dryed over anhydrous sodium sul- 
phate evaporated to dryness and checked for purity by 
TLC. About 110 mg of the completely substituted adre- 
naline are available for further studies. 

Derivatization for Chromatography 

The derivatization of components in a simple 
matrix can occur according to procedures described 
earlier. For plasma samples these have to be modi- 
fied somewhat according to the following procedure: 

To 1 nl plasma sample 1,2 ml 0.01 N HC1 and 1 8  ml 
dans-C1 solution (1 .87  mg dans-Cl/ml acetone) are added. 
To neutralize, 10 ml of a 0.1% sodium carbonate solution 
are used and the pH adjusted to 8.5 with 0.5 ml of a 
5 %  sodium carbonate solution. The reaction is carried 
out at 40' C for 20 minutes. Following this, the acetone 
of the reaction mixture is evaporated off with a rotary 
evaporatorjotherwise separation into two clear layers 
during extraction becomes difficult. The excess reagent 
is hydrolyzed by adding 2 drops of a 2 N NaOH and 1 ml 
NaCl solution. Extraction is carried out with benzene 

2 x 30 ml, evaporated to dryness and taken up in 1 ml 
benzene for chromatography. The first extraction step 
has to occur without excessive shakingiotherwise layers 
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are difficult to separate. For HPLC,the residue can 
also be taken up in the mobile phase. 

Chromatography 

The chromatographic conditions are given in the 
legends to the figures and in the following text. 

RESULTS AND DISCUSSION 

Fluorescence and Structure of the Dans-adrenaline 

Nachtmann et a1 .* have allready shown via titri- 
metric techniques that,under suitable reaction con- 
ditions,a threefold substituted derivative can be ob- 
tained. 

CH2 - 

R =  

This was verified by NMR and IR studies of the 
derivative. 

The fluorescence spectrum recorded with the MPF-4 
is shown in Fig.1 and is typical of dans-derivatives 
the fluorescence maxima being only slightly shifted by 
the parent molecule. In earlier studies8 the relative 
fluorescence yields of the dans-derivatives of adre- 
naline and some alkaloids have been compared. The 
adrenaline derivative,even though being the highest 

substituted [3:l),showed the lowest fluorescence yield, 
less than 50% of the 2 : l  cephaeline derivative and 
still considerably lower than the 1:l morphine and 

CH 

N 
I 

I 3  

so2 
R 
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t xci tation 
max 355nm 

I 1 1 I I I I I I I I  

240 320 400 480 560 S40 nm 

Fig.1. Fluorescence spectra of the tri-dans adrenaline 
in benzene. Recorded with a Perkin-Elmer Model 
MPF-4 spectrofluorimeter. 

emetine derivatives. A satisfactory explanation was 
not possible at this time. 

Stability of the Adrenaline Derivative 

Generally,experience with dansylated species has 
shown that,upon UV irradiation,the fluorescence de- 
creases probably due to decomposition of the derivative 
and the formation of dansyl-OH which fluoresces in a 
different wavelength region13. The dansylated adrena- 
line behaves differently in that the fluorescence 
first increases and then decreases8. This has been 
checked again and the decomposition studied by TLC 
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(see Fig.2). Both at 254 nm and 3 6 6  nm UV irradiation 
of the tridans adrenaline different products are formed. 
One was positively identif b d  as the hydrolyzed dansyl 
moiety (dans-OH) split off from the relatively unstable 
tri-dans derivative. Product A was isolated and further 
investigated. From the NMR spectrum it is evident that 

UV254nm U V 3 6 6 n m  

- DANS - C I 

- tri - 0 A N S  - 
adrenaline - product B - product A 

- product C 

- DANS- OH 

Fig.2. Thin-layer chromatogram of tri-dans adrenaline 
and its photodegradation products. 
1) Tri-dans adrenaline 
2) Tri-dans adrenaline irradiated in benzene 

solution 
3 )  Tri-dans adrenaline irradiated on the plate 
4) Product A irradiated in benzene solution 
5) Dans-C1 

Chromatography carried out on Merck silica gel 
plates SI 60 F254. 
Mobile phase: benzene :toluene 3 : 1 (v/v) 
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two dansyl groups remain per adrenaline molecule one at 
an OH-position and one in the anine position. Since no 
free OH-groups were detected we suspect the formation 
of the following asymetric dinere to have taken place: 

$" 3 

L 

It is conceivable that product B,based on its 
polarity (position on the chromatogram),corresponds 
to the symmetric dimere. 
These dimeres are also rather unstable as can be seen 
from Figure 3 where upon further irradiation at 254 nm 
in benzene a further drastic increase in fluorescence 
is observed and additional decomposition takes place 
(Fig.2). Upon longer irradation the fluorescence de- 
creases again. 

An explanation of these facts seems to be rather 
straightforward. Due to the steric hindrance of the 
bulky dansyl groups on the neighbouring OH-positions 
the dans-adrenaline becomes rather strained and non- 
polar. This could be shown clearly on a model and ac- 
counts for the relative instability and the poor 
fluorescence yield of the molecule. Upon irradiation 
one dansyl group is lost (formation of dans-OH) and 
some strain released due the formation of dimeres 
which,inspite of the loss of one fluorescent group, 
results in a somewhat higher net fluorescence. This 
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D 

I I I 1 I 

irradiation time (hrs) 

Fig.3. Change of fluorescence yield f o r  the product A 
as a function of irradiation ( A  irradiation 
2 5 4  nm). 

situation is further improved when forming the mono- 
mere (disubstituted adrenaline) which is conceivably 
the more polar product in Fig.2~. Upon prolonged ir- 
radiation the disubstituted adrenaline decomposes 
further and responds like a normal derivative with a 
net loss in fluorescence. 

Application to Plasma Analysis 

It has been shown earlier to be possible to use 
the dansylation technique for analytical purpose 8-10 . 
The application of the HPLC technique to the deter- 
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mination of adrenaline and noradrenaline in plasma 
samples has been attempted here. Although according 
to Schwedt and Bussemaslo reaction times of 5-10 min. 

(at 40' C)  should be sufficient, we used a 20 min. 
reaction time for the plasma samples; exclusion of 
light was strictly observed. No real advantage was 
seen by using reversed phase chromatography since an 
extraction clean-up was necessary in any case for such 
a complicated matrix. Ethylacetate-cyciohexane mobile 
phase as recommended'O was found suitable for the 
plasma work. 

A chromatogram of a plasma sample containing adre- 
naline and noradrenaline is shown in Figure 4. Adrena- 
line was added. The separation can be done in seven 
minutes. The reproducibility ofkl-values is good 
(range k'4.6-4.9 for 'adrenaline and k'7.4-7.9 for 
noradrenaline; 4 determinations). The detection limits 
( <  10  ng/injection) permit good quantitation of common 
levels of these catecholamines and the reproducibility 
of quantitative data can be kept below 5% rel. S . D .  

CONCLUSIONS 

Inspite of the relatively poor stability of the 
dans-adrenaline one can adopt this technique reliably 
€or the quantitation of the two catecholamines in 
plasma. With good care (5 extraction steps) a nearly 
complete recovery of the derivatives from plasma 
samples is possible and the interferences are well 
separated within a reasonably short time. For a large 
scale routine monitoring of samples, the method seems 
to be less advantageous. It is also obvious from the 
study, that with adrenaline we have a borderline case 
as to feasibility of pre-column derivatization tech- 
niques, due to the steric circumstances. In this 
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tima (rnin) 

Fig.4. High performance liquid chromatogram of adrena- 
line and noradrenaline in a blood plasma sample. 
Conditions: Column Lichrosorb SI 100, 5 pm 

L 10 cm; i.d. 0,46 cm; 
injection stop-flow 20 p1; 

mobile phase: ethylacetate : cyclo- 
hexane 3 : 7 (v/v) flow 2.5 ml/min; 
fluorescence detection. 

context the study should draw attention to the general 
danger of artefact formation with this approach. It 
should also demonstrate the usefulnes of using models 
in doubtful cases and of carrying through this type 
of investigations in order to fully master the reaction 
Only then will a reliable interpretation of data be 
possible. 
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