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SUMMARY 

The literature is briefly reviewed on current fluorimetric methods 

for the analysis of steroidal substances, The trend in the develop- 

ment of these methods is indicated with particular interest on 

sensitivity and selectivity, Fluorescence quenching, complex formation 

with metals, and chemical transformation are briefly investigated in 

search of selective mene ore with substituents on the steroid skeleton, 

Chemical transformation wder controlled conditions is shown to be a 

promising tool, The application of trichloroacetic acid as a reagent 

for locating a wide range of steroids on thin layer wees is shown to 

give a rapid indication of its selectivity and approximate sensitivity, 

A specific and sensitive fluorimetric method for determination of digoxin 

in solution and its application to tablet preparations is described, 

This method based on a reaction with trichloroacetic acid can be used 

for digoxin determination in the presence of digitoxin, gitoxin and 

ouabain, Physiological steroids are also shown not to interfere with 

the reaction under the conditions described, 1l7a-methyltestosterone 

which is readily available and reacts rapidly with trichloroacetic acid 

on thin layer plates is used in a detailed study of the trichloroacetic 

acid reaction, A hydro-oxo-phenanthrene is isolated from the reaction. 

The structure of the product which has an aromatic ring-C and is de~ 

hydrogenated at the C6-C7 is established from its physical properties 

and a comparison of these with synthetic hydro-oxo-phenanthrenes, A 

new route to 2, 3, 4, 12~tetrahydro-12-methyl-2-oxophenanthrene is 

described and some aspects of steroid rearrangement reported, Absorption 

and fluorescence study of the hydro-oxo-phenanthrene chromophore in 

polar and non-polar solvents at room temperature is discussed, Fluor~ 

escence is shown to be due to enolisation in strongly acidic solvents,
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INTRODUCTION 

The steroids form an important group of medicinal substances which 

may be divided into five important classes on physiological and struct— 

ural basis: cholesterol, oestrogens, adrenal steroids and androgens, 

bile acids, and cardioactive steroids, Only the oestrogens possess an 

aromatic ring and phenolic substitution, which results in ultraviolet 

absorption and native Pluenencencé. The clinical importance of many 

steroids has led to a considerable effort to determine their presence 

in small amounts in biological fluids, Methods available usually 

involve extraction and some partial purification followed by application 

of a colour reaction under various conditions which permit quantitative 

spectroscopic estimation, For example, the Liebermann—Burchard ealeus 

reaction with chloroform acetic anhydride and sulphuric acid has been 

used to estimate "blood! cholesterol, whilst other methods such as 

the Zimmerman reaction with m-dinitrobenzene have been used to estimate 

17-ketosteroids, These methods may, however, indicate the presence 

of a particular chromophore but only rarely are they diagnostic of a 

specific compound, A review on the fluorescence of steroids prepared 

by Braunsberg and Tames indicating that the best conditions for 

developing the fluorescence of a given steroid must be arrived at 

empirically supports this view. 

Currently, fluorescence is used routinely for the assay of 

physiological steroids and steroidal aropere Most reported methods 

on 

are based fluorophors formed in strong acid or alealios
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Fluorescence Produced in Strong Acid 

Many fluorescence procedures have been deactited for oestrogen 

assay based on solvent extraction followed by treatment with sulphuric 

or phosphoric acid to yield stable visible Picorencence: to: Most of 

these reports were largely concerned with appropriate instrumentation 

and with optimal conditions for forming the fluorophor, The absorption 

spectra of the acid products of oestrogens exhibit broad maxima ranging 

from 410nm to 450nm and the resulting fluorescence is also a broad 

band with a peak near 500nm. In selected cases, detailed chemistry 

of the reaction of some oestrogens in moderately concentrated sulphuric 

acid has been meported) =) The extensive aromatisation of the steroid 

skeleton is postulated with martictiae emphasis on disproportionation 

and hydride transfer, Complete identification of all the reaction 

products was not, however, possible and little is provided in terms 

of proof of the structures suggested, On the other hand, a systematic 

a has study of the luminescence of oestrogens by Weinreb and Werner 

yielded useful information on the true luminescence behaviour of these 

compounds, The photophysical parameters reported would indicate 

routine analysis of oestrogens on the basis of their native luminescence 

to be possible, 

Reactions of strong sulphuric or phosphoric acid with adrenal 

steroids possessing an il-hydroxy group and some dehydrotestosterones 

yield characteristic fluorescent derivatives, except for aldosterone, 

The characteristics of the resulting fluorophors are 470 to 475nm 

excitation and 520 to 530nm qniesion’l') Steroid drugs such as 

prednisone and prednisolone do not yield fluorescence although 

cholesterol and oestrogens showed weak fluorescence,



rensetiecy and later Wells, Katzung and Meyers. described a useful 

reagent for the fluorimetric analysis of cardioactive steroids, The 

technique is based on the fluorimetric measurement of dehydration 

‘products of the cardioactive steroids resulting from the reactions of 

the glycosides with concentrated hydrochloric acid, methanol, ascorbic 

acid and dilute aqueous hydrogen peroxide. The application of this 

method to automated unit dose analysis of digoxin and digitoxin tablets 

2 
is also documented oa The method, however, lacks specificity for the 

individual cardiac glycosides, 

Fluorescence Produced in Alkali 

Bush and Sanibers showed that A-3 ketosteroids on paper 

chromatograms exhibit an orange fluorescence under UV light after 

spraying with 10% NaOH and drying, Ableson and Bondy a were able to 

produce the same sort of fluorescence by carrying out the reaction 

in potassium tert-butoxide dissolved in tert-butyl alcohol, All the 

astketoateroias investigated yielded specific products with an 

absorption maximum about 385nm and emission maximum about 580nm, 

Its specificity for ap-unsaturated ketosteroids was demonstrated by 

cortisone, hydrocortisone, corticosterone, progesterone and aldosterone, 

whilst most other types of steroids did not show any fluorescence, 

Investigations on the effect of nucleotide coenzymes on the 

excitability of steroid molecules in the presence of 5% NaOH showed 

avery strong greenish-yellow fluorescence’, The fluorescence was 

much stronger with NAD than with NADHy NADP or NADTH, « Since the 

absorption maximum of Neseketosteroras is about 240nm, and that of 

NAD, adenosine, and nicotinamide are about 260nm, it was thought that 

both the steroid and nucleotide chromophores could be excited at the



same energy level, As these coerce tercida fluoresce in the presence 

of NaOH alone, it was suggested that the presence of NAD, energy 

absorbed by the nucleotide may be transferred to the steroid molecule 

with the result that the excited state appears more quickly. The 

presence of the whole coenzyme molecule is however essential for the 

reaction as nicotinamide, adenine, adenosine or ATP do not give the 

reaction, The reaction was found to be transferable into solution 

with excitation maximum at 370nm and emission maxima at 460nm (from 

NADH), and at 580nm (characteristic of the complex). 

Protein Fluorescence and steroid protein binding 

Interest in fluorescence quenching of proteins by steroids stems 

from a physiological origin rather than an analytical one, Albumin 

was one of the first proteins to be studied in terms of steroid binding. 

Being the main constituent of blood it has tremendous capacity for 

binding a great number of substances and was formerly thought to play 

a predominant if not a unique role in the transport of steroids, This 

capacity is so great that it can never be saturated even at steroid 

concentrations far above the physiological Paoreaa For this reason 

the determination of the number of sites available is hindered by 

the limited solubility of the free steroids in the aqueous medium, 

Also for the same reason, it is impossible to know if the different 

free steroids are fixed or not in the same site of the albumin molecule, 

as they do not compete with each other within the limits of analytical 

concentrations, However, the binding affinity of albumin for steroids 

is comparatively low as the complexes formed dissociate very easily. 

A simple passage through a column of Sephadex is sufficient to release 

bound coniteeiin or bestonterone aa) nearly completely, Therefore,the



combination with albumin does not seem to interfere much, either with 

biological activity or with their metabolic transformations, 

Serum albumin from different species can be easily isolated in a 

pure state, most of its physico-chemical properties are well known and 

it has been possible to determine precisely the apparent association 

constants for various steroids, These values appear to vary according 

to the origin of the albumin-and the nature of the steroid, Tn case 

of oestrogens, oestradiol and oestrone seem to have the highest 

association constants and oestriol the lowest one, Progesterone and 

testosterone are relatively strongly bound, As demonstrated by 

Sandbergs° binding affinity decreases with polarity. 

Quantitative aspects of the perturbation of UV spectra of some 

hk 3-ketosteroias and human serum albumin (HSA) was reported by 

Ryan and Gibbs?’, They demonstrated the occurrence of a blue shift 

in case of several IN ooeketosteroide and, in addition, a red shift 

in case of Grozesteroness, fhe blue shift has been attributed to 

perturbation of the steroid bands and the red shift to perturbation 

of aromatic protein bands, The latter was also observed by Attallah 

and Lata in their studies on the steroid-induced fluorescence quenching 

on bovine serum albumin (psay.. Little information is available on 

such steroid-protein interaction studies and less so on their analytical 

applications, While it may be convenient to correlate steroid binding 

with changes in the intrinsic tryptophanyl or tyrosyl fluorescence of 

proteins, binding may not always result in alteration of fluorescence, 

However, quenching of the native fluorescence of L-tyrosine and L- 

tryptophan has been observed in the presence of steroids,



Enzymatic Measurement of Steroids 

The 30-hydroxysteroid dehydrogenase isolated from P, testosterone 

catelveee NAD-linked stereospecific, interconversion of an A/B trans or 

A/B cis—3-ketosteroid and the corresponding aleohole?”?>-, The 

equilibrium of the reaction 

(steroid alcohol) + NaD* <== steroid ketone + NADH + nH 

shifts to the right on using a ketone trapping agent such as hydrazine. 

Iwata and Yamaski>” used this reaction to estimate bile acids in blood 

spectrophotometrically and their technique was later adapted by Turnberg 

33 and Anthony-Mote~~ for the determination of bile acids in bile. 

Application of this reaction for fluorimetric estimation of serum 

total bile acids was later developed by Murphy and ethers The 

developments following the isolation of this enzyme marks a turning 

point in the search for selective methods for steroid analysis. 

The purpose for this short literature review was not to draw a 

detailed picture of the developments of various methods for steroid 

analysis, nor to describe all the important taveetipetions which have 

been published on this matter, It was only intended to present a 

few characteristic features in the development of current methods in 

steroid analysis and to depict several outstanding facts which may 

throw some light on the nature and complexity of steroid reactions. 

In order to determine the parameters essential to selective 

steroid analysis, a number of methods were used: 

i) Fluorescence quenching, 

ii) Complex formation with metals. 

iii) Chemical transformation. 

The relative merits of each method used are discussed and all contrib- 

utions made are compared with existing literature methods. Investi-



gations were done on steroids lacking in UV absorption and «-unsaturated 

ketones which do not seem to have received as much attention in the 

literature as those steroids with an aromatic or phenolic ring 

" substitution, 

 



2. METHODS FoR S' 

a) Fluorescence Quenching 

The known phenomenon of fluorescence quenching shows that excited 

  

EROID ANALYSIS 

molecules which are formed by absorption of photons can undergo re~ 

actions which are comparable to or faster than emission of fluorescence, 

Dissolved solutes can result in decreased fluorescence by at least 

two types of chemical quenching processes: 

Collisional Quenching - This results from a diffusion controlled 

process in which a molecule of a quencher interacts with an excited 

molecule of the potentially fluorescing substance, Tateraetion results 

in the dissipation of excitation energy not by fluorescence but by 

transfer of energy to the quenching molecule. A simplified mechanism 

can be written to describe the situation: 

Fo+ by ——> FF oasscseseeee (i) 

ee eer (aa) 

  

Fe + Q——~F + Q Sa (iii) 

The fluorescent molecule F absorbs a photon to give F*, the 

lowest excited singlet state, F* can either emit a photon, ie and 

return to the ground state, or it may interact with the quencher 

molecule, Q, thereby losing excitation and return to the ground state 

without emission of fluorescence, This mechanism is described by 

the Stern-Volmer law; 

(fo/f)- 1 = kCy euro nS atioatgies oY) 

fo = fluorescence intensity in the absence of quencher; 

f£ = fluorescence intensity at the concentration, Cg, of quencher; 

k = _ proportionality constant, 

Static Quenching - Here, complex formation occurs between a 

potentially fluorescing molecule in the ground state and a quencher
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molecule, If the complexed form of the potentially fluorescing molecule 

has different spectral characteristics than the free form, it may not 

undergo excitation: or may be excited to a lesser degree than the non— 

complexed species, The reduction in fluorescence caused by this type 

of quenching is thus dictated by the stability constant of the complex 

and the concentration of quenching agent, 

The four fundamental aromatic aminoacids which are present in 

proteins — phenylalanine, tyrosine, histidine and tryptophan are 

moderate jt-electron donors and rather poor electron acceptors, 

Isenberg and Szent-GyBreyi showed that out of these fone aminoacids, 

tryptophan is the only one which forms an electron transfer complex 

with riboflavin, The easy formation of such a complex with 5-hydroxy- 

tryptamine and lysergic acid confirmed the hypothesis that the trans— 

ferred electron was derived from the Yl-electron pool of the indole 

system, Molecular orbital calculations available on adenine and 

guanine also show that they show be moderately good donors and 

rather restricted in their electron acceptor properties, Investigation 

of steroid fluorescence quenching of HSA, and a few selected nucleic 

acid bases and their derivatives which possess intense native fluor— 

escence, was undertaken, It was hoped that specificity in the 

quenching of fluorescence could be correlated with steroid structure, 

The quenching of fluorescence of a solution of HSA, UV absorbance 

0.34 at 280nm (calculated Bf 5.23 on the basis of molecular weight 

of 65,000) was investigated with a number of steroids as substrate, 

The use of such a high concentration of HSA was thought warrantable 

as the fluorescence produced on excitation at 280nm changed linearly 

with dilution, The results are expressed in the form of the Stern- 

Volmer equation (table 1), The parameters fo and f represent the
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heights of the intensity of emission of HSA at 330nm in the absence 

and in the presence of steroid, respectively. 

  

  

  

Table 1 

Cone Steroid Relative Fluorescence for, 

Xe/ml, 1 255 5 4 5 6 7 8 

1,00 1,00 1,00 1,00 1.00 1,00 1.00 1.00 

1202, 1.05 91,02, 1.02 1.0% 1.02 “1.017 1,02 

1,05, 1.05 1.03 1.05 1.0% 1.06 1:02 1.08 

12 107 i, 06ust. 0551506. 1,07 11.07 92,03. To 

16 %.08 1,07 1.02 2.08 2.07 2.07 1.05 1.15 

20 1,07) 1,06 1.02) 1208 2.07 1,07 1.06 -1,12 

40 1.06 1,03 1.02 1.07 1.04 1.04 1.06 1.11 

80 1.03 0.97 1.01 1.04 1.03 1.02 1.02 1.04 

120 1.02 0.91 1.01 1.04 1,02 1.00 1.00 0.99 

160 1.01 0.89 1.00 1,03 1,02 0.98 0.97 0.94 

200 1.01 0.86 1,00 1.02 0,98 0.99 0.95 0.93     
1, 50 -Androstan-17%-0ol-3-one, 

2, 5% -Androstan-1%-olethyl-3g,17p~diol. 

3, 5a -Androstan—34-0l~17-one, 

4, 5a&-Androstan-3¢,17p-diol. 

5. 5-Androsten-3¢-01,17-one. 

6, 4-Androsten-3,17-dione. 

7. 4-Androsten-3,11,17-trione, 

8, 4-Androsten-17gp~0l,3-one,     
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It was shown by Udenfriend and Sal oman?! that with the exception 

of thymine at pll 10, the naturally occuring pyrimidines and their 

derivatives do not fluoresce in aqueous solution at room temperature 

although it was later demonstrated that they fluoresce at 27°18, 

Nucleotides of adenine and guanine have appreciable fluorescence at 

acid pH with quantum efficiency of 0.005 and 0.007 respectively, at 

390nm, Their fluorescence forms the basis for a simple and sensitive 

method for determining their content in nucleic acids, Some deriv- 

atives of nucleic acid bases are intensely Piugcencent® 8-Azaguanine 

and 2,6 diaminopurine are intensely fluorescent at baaio pi 13.0 and 

neutral pH 7.0, respectively, Guanine, guanosine, 2,6-diaminopurine 

and 8-azaguanine were examined for fluorescence quenching on titration 

with steroids, Similar results were obtained as in the case of HSA 

and no fluorescence quenching was observed at submicrogram steroid 

concentrations, The reaction was, therefore, abandoned, 

b) Complex Formation Reactions with Metals 

In the formation of oxygen containing ligands hydroxy groups 

and carbonyl groups offer potential sites for coordination, Keto- 

steroids containing hydroxy groups would, therefore, be potentially 

capable of forming complexes with certain metals, A study undertaken 

by Eger and others”? demonstrates that the hydroxyacetone group of 

the 17p- side chain of corticosteroids is able to form complexes with 

cobalt and probably also with other metals of the first transition 

series, Since their values for the complex formation constants were 

low they concluded that the complex dissociates to a large extent in 

aqueous medium but becomes more stable with a decrease in water 

concentration. It was not however, intended that any efforts be 

directed at attempting to produce fluorescent transition metal complexes
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with steroids as transition metal chelates are normally non-fluorescent, 

Most of these species are paramagnetic because of unfilled outer d- 

subshells with unpaired electron on the metal ion; often the metallic 

ion is reduced, Few transition metal ion chelates are known to 

fluoresce in solution, Tetracyanoplatinate (II) fluoresces weakly in 

potaerons) the emission spectrum being a rather broad band and its 

appearance is suggestive of a y\* > transition, The species is 

diamagnetic just like all the other platinum (II) complexes, 

The trivalent rare-earth ions in the middle of the series have 

for a long time been known to fluoresce under ultraviolet excitation, 

The sharp fluorescence transitions of these ions correspond to the 

absorption lines of the shielded 4f shells. Although swt and Dy?* 

3+ 
ions show weak fluorescence, that of Pr” and N@ os ions is extremely 

rare, The outstanding exceptions are the anhydrous chlorides which 

show bright fluorescence for the whole rare earth group, The fluor- 

escence characteristics of the rare earth chelates is rather attractive 

as emission may occur from one of a few sources: 

(i) from the excited ligand part of the molecule, perturbed by 

a metal ion, 

(ii) from the excited metal ion perturbed by the ligand, 

(iii) due to the intramolecular energy transfer in the chelates 

i.e, absorption of energy takes place in the organic part of 

the chelate and is transferred to the bound central metal 

ion (on indirect excitation of the metal ion) which in turn 

may undergo radiative transition consequently giving rise to 

characteristic emission of the metal ion, 

. 4 * * 
McCarthy and Winefordner®! studied the conditions under which 

various aromatic carbonyl compounds selectively sensitized the emission
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of terbium, europium and dysprosium, Excitation of their system was 

done at the wavelength of maximum absorption for the phosphorescence 

transition of the carbonyl compound and emission measured at the 

wavelength corresponding to the rare earth ion emission line, The 

intramolecular energy transfer from excited organic compounds to rare 

earth once on grounds of selectivity and efficiency of energy 

transfer, has a wide scope for analytical utility. 

Attempts were made at the sensitization of the fluorescence 

emission of Ew, py** and ™?* in acetic anhydride using Af-un- 

saturated ketosteroids containing the a edvonracetaaeuatad chain as 

well as those without side chain substitution. The excitation wave- 

length was kept well within the n-1T * absorption region for the 

steroids (300nm - 560nm) put no sensitization of the emission of the 

rare earths was observed with any of the steroids examined. 

c) Chemical Transformation of the Steroid Skeleton 

Q-methylaniline was introduced by paar as an analytical 

reagent for the measurement of oligosaccharides, He suggested that 

aldohexoses react with o-methylaniline in acetic acid to form an 

equilibrium mixture of glycosamines and the corresponding Schiff base 

with the resulting chromogen exhibiting an absorption maxima at 

630nm, The reaction was further developed by Goodwin’. for the 

determination of hexoses and pentoses using aniline and its alkyl 

derivatives, He found that only primary and secondary aromatic amines 

reacted with hexose and pentoses to yield a chromogen and that the 

absorption maxima of these chromogens ranged from 330 - 630nm. The 

ease of formation of these chromogens prompted similar work to begin 

on the 17-hydroxyacetone side chain, Preliminary investigations 

indicated that hydrocortisone in glacial acetic acid (OAC) reacted
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with aniline producing a chromogen with an absorption and emission 

maxima at 355 and 440nm respectively, However, it was observed that 

aniline in HOAC léft at room temperature became progressively yellow 

on standing. The colour change was monitored spectrophotometrically 

between 250 ~ 450nm as a function of time, 

The spectra (fig. 2) show that there is initial formation of a 

chromophore A at 325nm hich decreases in intensity with time as a 

second chromophore B appears at 385nm, The reaction appears to have 

reached completion after 24hr, when chromophore A has completely 

disappeared and B has fully formed, 

Intuitively, it was suggested that the appearance of chromophore 

A was due to a reaction of aniline with HOAC to form acetanilide 

which then enolized under acid conditions to extend the conjugation, 

NH» NHCOCH3 

+ CH3COOH ——» el 

pehs 

~ 

  

OH 

Acetanilide in HOAC even after 24hr exhibited UV absorption similar 

to that in ethanol, Further attempts to effect enolization with 

concentrated hydrochloric and perchloric acids were unsuccessful; 

the UV absorption observed was still that of acetanilide alone,



A
b
s
o
r
b
a
n
c
e
 

0.8 

0.7 

0.6 

0.5 

0.3 

0.2 

0.1 

16 

  

  

24h 

20 

  
cess 1 4 1 
  

1 
325 350 375 400 425 nm 

Wavelength 

Fig. 2. Absorption characteristics of Aniline (cone. "74,00) 

time dependent spectra in glacial acetic Acid over 

24 hours, 

 



7 ' 

Many factors influenced the behaviour of aniline and its derivatives 

in HOAC. A summary of these factors observed in the course of the 

study is ne follows: 

(i) The concentration of aniline in solution was varied as the amount 

of product formed (equated to the final intensity of absorption of 

chromophore B) was observed, There was little change observed on 

reducing the aniline concentration from 4/100 to M/400. This would 

seem to suggest that the amount of product formed is probably very 

small and, therefore, largely uninfluenced by aniline concentration, 

The reaction was, however, time dependent and with M/400 aniline 

concentration it took 24hr to reach completion, 

(ii) The spectrum of aniline in HOAC showed a small peak about 255nm 

which would indicate the presence of some anilinium cation species, 

Since HOAC does not transmit in the UV below 250nm, another aromatic 

amine, 2-aminonaphthalene, possessing a chromophore with a longer 

wavelength of absorption nae investigated, There was a notable 

increase in the intensity of the spectrum in HOAC at 275nm and the 

appearance of a peak at 31lnm as compared with the spectrum of this 

compound in ethanol, These observations are consistent with the 

presence of 2-naphthylamonium cation species in solution, Therefore, 

aniline and its derivatives are weakly protonated in HOAC. 

(iii) The reaction with aniline was found to be both oxygen and 

light independent as reactions done under nitrogen and in the absence 

of light gave the same chromophores as outlined above, The reaction 

was, however, affected by pH, temperature, and dilution changes, 

Chromophore A disappears on dilution, acidification with mineral acid 

or addition of base, and on heating. Chromophore B is also destroyed 

by pH changes although it is stable to heat, HOAC (ka = 1.8 x 107?)
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provides excellent conditions for the reaction to occur, When propionic 

acid was substituted for HOAC, although it did form, there was a 

significant reduction in the chromogen, whilst on substitution with 

formic acid no chromogen was formed at all, Mineral acids also failed 

+o produce the chromogen which would suggest the reaction is strongly 

pH dependent, 

(iv) The presence and position of alkyl groups on aniline influences 

the spectrum of the reaction products, Steric hinderance of the amino 

group by methyl substitution at 2 and 6 positions prevents the re- 

action from taking place, Substitution by a -CO0H coup at the 

para position increases the rate of the reaction and the intensity 

of chromophore B, The presence of another basic center in the 

aromatic ring prevents the reaction, Aliphatic amines are not sub- 

strates for this reaction, Effect of substitution on the reactivity 

of aniline in HOAC is outlined in table 2. 

The nature of the reaction of these aromatic amines in HOAC 

is not clear. Whatever reaction might be taking place it seems the 

participation of the lone pair of electrons on the nitrogen in the 

Tl-electron system of the benzene chromophore is essential, The lack 

of success in isolating any products and the dependence of the reaction 

on temperature pH and reaction time would support the suggestion that 

a charge transfer type reaction is taking place. Contact charge 

transfer spectra can occur without the existence of a stabilized 

ground state of the eompieses | The existence of a charge-transfer 

spectrum in a solution of two components cannot, therefore, be taken 

as evidence for the formation of a complex between them; and if a 

complex is formed, the appearance of a charge-transfer spectrum 

gives no evidence that the charge transfer plays a dominant or even a 

significant part in the ground state stabilization,
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Table 2 

max max Absorbance 

Gonmoura Chromophore A |Chromophore B |(after 24hr) 

Aniline 325nm 385nm 0.58 

2-Me 320 360 0.72 

2,6-Me,, = = = 

4-Me 325 390 1.04 

2-0Me 335 400 0.98 

3-0Me 325 345 + 390 1.358 + 1,24 

4-OMe 330 400 0.66 

4—-COOH 340 405 1.74 

4—COOEt 335 405 1.74 

2-NEy 327 570) 0.88 

N-Me - - co 

NeMeo - - - 

Phenylhydrazine - - fe 

Indoline 540 410 1.54 

1,2,3,4-Tetrahydro- 
quinoline 310 380 0.40 

3-Aminopyridine 295 540 0.10 

4—Aminopyridine 

2-Aminopyridine 

Pyridine 

Benzylamine         

- No reaction 
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The amines (in table 2) with chromophores A + B in HOAC on 

reaction with steroids with 17~hydroxyacetone side chain gave fluorescent 

products at sub-microgram concentrations, The fluorophors were, how~ 

ever, unstable and their emission intensities decreased with time. 

Steroid fluorescence analysis has depended to a very large extent 

on the chemical transformation uf the steroid skeleton using concen~ 

trated mineral acids. The nature of the reacions which take place 

still remains unknown and the numerous reaction products difficult to 

isolate white The use of moderately strong organic acids for steroid 

analysis has remained relatively unexplored, It was felt that the use 

of organic acids could reduce the number of reaction products and 

aid in the production of more specific fluorophors for individual 

steroids under controlled conditions,



21 

3. SELECTIVE ACID-INDUCED FLUORESCENCE OF DIGOXIN 

3.1 Introduction : 

The cardiac glycosides form an important group of steroidal 

: glycosides capable, in very small amounts, of stimulating the heart 

muscle, A well known source is the foxglove, Digitalis purpurea, the 

active principles of which are glycosides of digoxigenin, digitoxigenin 

and gitoxigenin and afford these aglycones on acid hydrolysis, The 

free aglycones or genins are only weakly active. The corresponding 

glycosides digoxin (Vla), digitoxin (V11), and gitoxin (VIII) are all 

triosides of comparable high potency. These glycosides ‘are of out~ 

standing value in the treatment of heart disease because they exert a 

selective action upon the organ: they increase the contractibility of 

CARDENOLIDE 

  

STEROID 

sugar SUGAR 

Name OH position 
Digoxin Vla 14, 12 

Digitoxin V1l 14 

Gitoxin V111 14, 16 

Quabain 1X Tio 1 elo 

Fig. 3. The structure of some cardiac glycosides.
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the heart muscle, diminish the heart rate, and increase cardiac 

efficiency. Cardiac glycosides have a selective affinity for cardiac 

tissue ‘and whether given orally or by intravenous injection the amount 

taken up by heart muscle is 10 — 40 times that taken up by all other 

tissues and peeeae 

Common to all the glycosides in Fig. 3 are: an «@-unsaturated 

five-membered lactone ring, ‘a 14f -hydroxyl group and a trisaccharide 

sugar moiety at position 3, The sugar residue may be of several 

types (cymarose, digitoxose, glucose, rhamnose, sarmantose and 

xylose), Much of the early work to elucidate the structure of these 

glycosides was done with strophanthidin (X) which proved an unfor- 

tunate ater” Strophanthidin has a tertiary hydroxyl group at 

C — 5 and an angular aldehyde group which enable it to undergo a 

number of dehydration, rearrangement and lactone formation reactions 

not possible with any of the glycosides in Fig, 3, except ouabain 

(1X), with which it has some structural similarities, The reaction 

of HCl with strophanthidin (Fig. 4), however, demonstrates that 

the reaction products are dependent on the extent of substitution 

of the steroid ring as well as on the reagent constitution, 

Of the cardiac glycosides, digoxin has received most attention 

because it is probably the most widely used and it has of late been 

a subject of much controversy with respect to its biopharmaceutical 

evaluat onto The majority of methods reported for quantitative 

53-55 
determination of cardiac glycosides are colorimetric, fluori- 

18,19, 56-59 60,61 None of the colori- metric, or radioimmunoassay, 

metric procedures exhibit the necessary sensitivity or selectivity 

for the detection or estimation of these glycosides at submicrogram 

levels, The radioimmunoassay for digoxin reported by Parker and
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EtOH/: 1o#iC) 
QOH 

HO 
H 

Strophanthidin (X) 

  

O° 

3 ae 

HCO 

H 

HO 

Anhydrostrophanthidin 

Fig. 4 Reaction of Strophanthidin with HCl, 

Prone ice although highly sensitive, requires a whole working day 

to complete the measurement of blood and urine digoxin samples, 

The method also lacks delectivity for digoxin and when digitoxin is 

present in a concentration three times that of digoxin, it produces 

an equal effect to digoxin, Recently, Bogulaski and Shwartz! in 

developing a column radioimmunoassay method for the determination of 

digitoxin also noted that digoxin cross-reacted significantly with
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the antisera they used, hence interfering with digitoxin estimation. 

From their data they conclude that the antiserum cannot discriminate 

very well between the various cardiac glycosides implying the need 

‘to know which drug has been prescribed prior to assay. Since the 

cardiac glycosides are sometimes administered in admixture and are 

of non-equivalent potency, it is of both analytical and therapeutic 

interest to develop selective methods for the estimation of the 

individual glycosides, Fluorimetric methods were, therefore, investi-~ 

gated, 

The cardenolides possess a common chromophore, the eaedisatirated 

five-membered lactone ring, with characteristic absorption at 217nm 

(Qogé 4,22), Existing fluorimetric methods usually depend on the 

dehydration of the cardenolides by treatment with strong acids and 

oxidising agents to form products with extended conjugation which 

fluoresce under ultraviolet irradiation. Sciarini and Salterl” 

described a fluorimetric method for digitalis estimation using hot 

sulphuric acid, This method was superseded by Jensen's hydrochloric 

acid methods for aieitoei penta a and gitexigenin’’. Wells et ae 

describes a modification of Jensen's methods in which he used 

hydrogen peroxide, ascorbic acid, and methanol to enhance the fluor— 

escence intensity, Detailed discussion of the influence of time, 

temperature, and reagent concentrations on the excitation and 

emission properties of the fluorophors as well as the possible 

mechanisms of fluorescence were described, Although difficulties 

were encountered in their attempts to apply this method to assay 

extracts of the glycosides from biological fluids, it still is 

probably the most widely used method for routine fluorimetric 

estimation of cardiac glycosides, Tavovijeviole? reported a method
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for simultaneous determination of digitoxin and digoxin based on a 

mixture of acetic anhydride, acetyl chloride and trifluoroacetic 

acid to ‘produce fluorophors which were partly resolved using a com- 

bination of filters, From the photophysical data obtained it was 

suggested that the reagent reacted with digitoxin to produce, in a 

low yield, a fluorophor of a substituted 3,4—benzpyrene type and with 

digoxin to produce a mixture ‘of both chrysene and 3,4—benzpyrene type. 

No further reports on the fluorophors have so far been cited in the 

literature, 

It would seem reasonable to suggest that the successful develop~ 

ment of a fluorimetric method with total selectivity for a particular 

cardiac glycoside will, of necessity, depend on a reaction taking 

place on the steroid ring to form a product with unique photophysical 

properties, Following previous reports by sini tnO2 963 that dehydration 

products of digitoxin on reacting with HCl were dependent on the acid 

concentration, it was felt that careful selection of acid as well as 

acid concentration are necessary pre-requisites to making attempts to 

develop a selective method for a particular glycoside, The work 

described here which has led to a development of the specific fluori- 

metric determination of digoxin has also been described elsewhere oh 

3.2. Thin-layer Chromatographic Evaluation of Steroids 
  

There are no colour spot tests specific for steroid molecules, 

Several different groups of compounds frequently present in biological 

fluids, tissues and crude extracts may give positive reactions similar 

to steroids when treated with the same reagent. However, when steroids 

are available as pure substances, certain chemical structures present 

in the molecule can be responsible for a positive test when carried
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out under specified conditions, 

The reactions available for the chromatographic detection of 

steroidal substances show a very large range of sensitivities, A 

review in 1969 by Neboat! quotes over eighty colorimetric reagents for 

the detection of steroidal compounds, There are reactions which develop 

a very definite and stable colour almost immediately after applying 

the spray reagent (tetrazolium salt meantion\ee: Others give colour 

spots which disappear very easily or change colour when left standing 

for a few minutes (Iodine ~ KI reaction) co In some of the reactions 

which require heating, the control of temperature is ectrenel sy eritical 

(graephonetyndts Penetionayee! There are reactions which develop very 

light colours unless the concentration of the steroid is increased 

68,69 
(sulphuric acid). Some reactions give a positive or a negative 

result when a given steroid is present in amounts above or below the 

limits of detection, while others give a variety of colours depending 

on the actual specifie structure of the compound in Muestiony? or 

depending on the concentration of the steroid (Todine - KI reaction). 

As part of a programme into the development of sensitive and 

possibly specific luminescence methods for the determination of 

steroidal substances in biological fluids, evaluation of some of 

the colorimetric reagents for this purpose was undertaken, It was 

found that an assessment of a reagent's potential for quantitative 

analysis could be obtained by using it as a spray on the plates, 

Examination of the fluorescence produced gave a rapid indication of 

the reagent's specificity and approximate sensitivity, 

Prompted by the report that o-hydroxyketones can be detected 

by reagents containing m-, and p-phenylenediamines in acetic acia, 

these amines and also aniline and o-phenylenediamine were used for the
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detection of steroidal compounds, It was considered that these reagents 

might be reactive with corticosteroids, Table 3, summarises the results 

obtained by spraying over twenty-five steroidal substances with the 

amines in either glacial acetic acid (HOAC) or trichloroacetic acid 

(fCA). With the steroids at 0.4n¢ levels only aniline and p-phenylene 

diamine (PPD) in (HOAC) produced detectable chromophores, Aniline 

developed fluorescent spots win four of the compounds and PPD gave 

rise to non-fluorescent brown spots with nine compounds, The reaction 

of PPD is seen to be structure specific. The colour is obtained only 

with those steroids which possess an unsaturated conjugated carbonyl 

4-en-3-one, system in ring A. On using the same amines in TCA the 

ereciti city is lost and both aniline and PPD detect roughly the same 

number of steroids (10 ~ 13). On attempting to apply the HOAC system 

to the estimation of steroids in solution it was found that both the 

fluorescence produced with aniline and the absorption with PPD was 

not quantitative and insensitive at levels below lpg of steroid, It 

has been suggested by Frerejacques and de Graeve!> that a mixture of 

chloramine-T(CLAT) in TCA produces stable fluorescent products with 

cardiac glycosides on tle plates, The use of this reagent for the 

detection of other steroids or for the estimation of either group of 

compounds in solution has not been reported, The scope of this re- 

agent was widely examined and the results are summarised in Table 4, 

The role of the acid was determined by a prior examination of the 

effect of TCA, HOAC, mono and dichloroacetic acids, (MCA and DCA), 

in the absence of CLAT, It can be seen, Table 4, that all four 

acids produce fluorescence in the absence of CLAT with many of the 

steroids, The TCA reacts with more of the compounds than the other
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STEROIDAL COMPOUND REAGENT 

  

Applied at 0.4y¥g on to TL, silica 
plate, sprayed with reagent, 
baked for 5 min, at 105 ; 

visualised under 366nm., (+)ve 

1% Aniline in 
25% aqueous 

1% PPD in 
25% aqueous 

  

  

    

  

signs indicate visual estimate TOAC TCA HOAC TCA 

of fluorescence 

5oa-Androstan-17A~-0l, 3-one - = a) es, 

54~Androstan-17«—methy1—3¢ ,17¢-diol a + a ++ 

5a—Androstan-3%-0l, 17-one(Androsterone) - - o Ss 

 Sx-Androstan-3g, 17-diol. a e 2 = 

5-Androsten-3e-ol, 17~one(Dehydroepiandosterone) - + - +6 

4-Androsten—3,17-dione - - +t as 

4-Androsten~3,11,17-trione - - ene a 

4-Androsten~176~0l, 3-one(Testosterone) - - + 

4-Androsten-17d—-methyl, 17-01, 3-one ++ t+ +4 4+ 

5-Androsten~l7A—methyl, 3p, 17p-diol - + - ae 

5o&-Pregnan—3,20-dione - os = ~ 

5x—Pregnan—je—0l 20-one - - - ee 

5a-Pregnan-3a, 20%- diol, (Pregnanediol) _ = a + 

5@-Pregnan—3a, 6%-diol, 20-one - fe oS Be 

4~Pregnen-3 ,20-dione(Progesterone) ~ E. ee e 

4—Pregnen-17a, 21-diol, 3,11,20-trione(Cortisone) pe + oe eS 

4—~Pregnen-llé-ol, 3,20-dione - - ++ eS 

4-Pregnen-21-0l-3,20-—dione = = + = 

4-Pregnen-3,11,20-trione - + + a 

5-Pregnen-3@, 20ediol. - + - ++ 

5-Pregnen—3p, 17x-diol; 20-one - © s e+ 

5-Pregnen-3p-0l, 20-one - + S ++ 

Digoxin = ee & ++ 

Digitoxin ++ ++ - ++ 

Gitoxin Ce 4 at eur 

Quabain - - - = 

Cholesterol a oy = ee 

No reaction was obtained with o- and Fluore- Fluore- Non 

m-phenylenediamines in either HOAC or tee Le Tino es 
TCA. S - EM 

Table 3.



Steroid 
numbered 

as 
in Table 3. 
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REAGENT— sprayed onto steroid at 5-l0¥g on T.L, silica 
plate, then baked at 120° for 5 min, and visualised under 
350nm., *Substances not detected below 0.4Kg¢ level. 

  

  

  

HOAG HOAc/CLAT MCA A/CLAT DCA DCA/CLAT TCA TCA/CLAT 

1 ay = - - - - - - 

2 - ++ + ++ + tte + be 

5) a a St a a = = = 

k fo = ey 2 ie os 5 a 

5 - he - +++ ~ et ++ he 

6 - bt - ett - ++ - +44% 

7 es 2 Bs = oi = me a 

8 - ++ - tet ~ +t + +e 

9 tht +44 $44 +44 htt +44 +++ a4 

10 ttt +++ ++ be tht +++ tte t4+ 

ll - - - - - - - - 

12 - - - - - - ~ - 

13 = - - - - - - ttt 

14 - - - - - - - - 

15 - ++ - ttt - tet - +t 

16 - - - - - - - = 

17 - - - - - Ht - tt 

18 + +t + tte - ttt + +4 

19 + + + + + ++ ++ 

20 + ++ + ++ ++ ++ ++ +44 

21 - - - - - - ++ ++ 

22 - 44+ - ++ + +44 + +44 

23 + +++ - ++ + +44 +44 

2k ++ +++ ++ +44 ++ th ++ +44 

25 ++ +44 ++ ++ ++ +44 +++ +44 

26 - + - ++ - ++ - 44% 

27 + ++ + ++ ++ +++ +++ +44 

  

Table 4.
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three acids, The presence of CLAT with acids, particularly with TCA, 

appears to increase the range of detection in terms of the number of 

compounds which react, The results show that a mixture of TCA/CLAT 

may be used as a general purpose spray reagent for the detection of 

steroidal compounds at 5 — l0Oxg levels. “At levels of 1 ~ 5pg the 

number of steroids detected is reduced by four and below these levels 

intense fluorescence is ebeerved from only the cardiac glycosides 

digoxin, digitoxin and gitoxin, With the exception of 4-androsten- 

17a-methyl, 17p-0l, 3-one and 5-Androsten-17«-methyl, 3g, 176~diol, 

only six other steroids showed a weak fluorescence at this level, 

From these observations it may safely be concluded that a solution of 

poplenylenedtauine in acetic acid can be used as a spray reagent for 

locating ag-unsaturated steroidal ketones without interference from 

other steroids and that a mixture of chloramine-T and trichloroacetic 

acid can be used as a general purpose reagent for the location of 

steroidal substances on tle plates, The possibility of the transfer 

of cardiac glycoside - TCA fluorescence on tle plates into solution 

was subsequently investigated. 

3.3 The Specific Fluorimetric Determination of Digoxin 

Mechanism of the Reaction 

The determination is based on the formation of a fluorophor upon 

heating digoxin with TCA in ethanol at 130°C for 40 minutes, Excitation 

and emission spectra of the fluorophor in ethanol are shown Fig. 5. 

Maximum excitation occurs at 340nm and emission at 420nm, The 

mechanism of the reaction is not clear but work is still under way 

to isolate and characterize the fluorophor. Preliminary examination 

of a crude extract of the reaction by IR spectroscopy, however, shows
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Fig. 5 The excitation and emission spectra of digoxin 

fluorophor in ethanol, 

a = excitation 

b = emission 

e = corrected emission 

that the carbonyl frequency of the cardenolide at 1720em™? remains 

relatively unchanged, It is known that the treatment of digoxigenin 

with hydrochloric acid yields two anhydro derivatives? Fig. 6, 

which have been further reacted to produce fldorophors:!” The excitation 

(350nm) and emission (490mn) properties of such fluorophors are 

different from those observed for the digoxin-trichloroacetic acid 

reaction, Therefore the formation of the fluorophor in the reaction 

described here may well involve a more complex reaction than a mere 

dehydration,
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Digoxigenin (Vla) 

HCL 

CH3 

  

= 

Fig. 6. Reaction of Digoxigenin with HCl 

Sensitivity and Reproducibility of the Fluorimetric Determination 

The determination of the precise amount of digoxin in tablets 

is of obvious interest to the pharmaceutical industry, as these 

tablets are of low dosage (50-250pe per tablet) and high potency, As 

such they require unit dose analysis as a control on the homogeneity 

of the product, Clinically, digoxin is normally given in oral doses 

ranging from 50-1500ug daily, Since the therapeutic dose is very 

close to the toxic dose methods of high sensitivity are required for 

the study of the pharmacokinetic behaviour of this drug, The method 

of Oliver et ae on the radioimmunoassay of digoxin is sufficiently 

sensitive but it suffers from the drawback that a whole working day 

is needed to complete the assay, On the basis of the sensitivity and
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rapidity of the method described here, it seems feasible to investigate 

its application to direct analysis of digoxin extracts from urine and 

other biological fluids, 

The concentration range of digoxin showing linearity with fluor- 

escence was 0,02 - 1.0p¢/ml Fig, 7,and the lowest limit of detection 

was 0.008yg/ml, A secondary filter of sodium nitrite solution (ag “/v) 

at a fixed position in the path was chosen to eliminate the Raman 

scatter peak for ethanol which appeared at about 410nm, distorting 

the emission spectrum, Loss of intensity caused by the filter was 

about 5%. 

Three samples of 250y¢ tablets and one of 62,5pg were obtained 

from three different manufacturers and assayed as described, Their 

digoxin content ranged from 98.6 - 101% of the labelled amount. The 

standard deviation of duplicate determinations within one assay was 

+0,.361% indicating good reporducibility, 

Selectivity 

The fluorophor is produced as a result of a reaction specific 

to the steroid ring,as the aglycone gives identical results to digoxin 

taking into account the difference in molecular weights, The reaction 

product is characterized by a U.V, absorption maximum in ethanol at 

290nm with a shoulder at 320nm, Reaction products of digitoxin and 

gitoxin have U.V, absorption maxima at 280nm and 335nm, respectively 

(Fig. 8). Their genins exhibit similar absorption characteristics, 

Ouabain octahydrate, however, exhibits no U,V, absorption above 

250nm after the reaction with trichloroacetic acid, Under the 

conditions described here for the determination, digitoxin, gitoxin, 

and ouabain do not interfere with digoxin estimation when present in 

concentrations ten times that of digoxin (Fig. 9). Other steroids,
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including oestrogens and some androgens listed (Table 5) were also 

found not to interefere, 
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Fig. 7 Calibration curve showing the intensity of fluorescence 

as a function of digoxin concentration,


