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The main clinical and pharmacological action of mucolytic drugs is that of 
modifying the bronchial secretion, lowering its viscositi~ and secreto&kic 
action, increasing the fluidi* of sputum and facilitating its expulsion, while 
lowering the coughing reflexes. The drug typifykg this class of compounds is 
Bromexine, N-cyclohexyl-N-methyl-(2-amino-3,5~ibromobenzyl)ammonium 
chloride, the properties of which have been described by several authors 
[l-S] _ Investigations oriented towards obtaining a product with a wider field 
of action have resulted in the synthesis of Adamexina@ * , in which the cyclo- 
hexyl ring of Bromexine is replaced by adamantane, which lends to the new 
mucolytic molecule its sympathicomimetic and antiviral properties [9-141. 

Pharmacokinetic studies on Bromexine agree in pointing out the 
imposjiibility of determing levels in blood and urine by chemical methods, due 
to the LOW values found, so that some methods are proposed, based upon a 
i&e&d molecule, thus differentiating t5e ink&, drdg from the several 

l TQ wham cazrespandence should be addressed. 

**Fern&s Synthesi and Patent. 
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metabo+s by cbromatographic separation. Preliminary tests-carried out with 
Adamexina show that the levels in p&ma will also be low, probably due to the 
binding of the: drug with blood cells and to its affinity with several organs and 
tiiesas described for Bromexine [15,16]. 

Attempts at conductingpharmacokinetic studies in human patients have 
resulted in the need for developing and improving the usual physico-chemicd 
methods in spite of the above mentioned difficuhies. Thvus the drug is isolated 
from the remaining plasma components by a suitable extractive and chromato- 
graphic system, and then determined. 

Adamexina shows Uv absorption at 288 nm in ethanol, however E:%_ = 
11.8 is too bw to make direct quantitative determinations. On the other band, 
due to the molecular structure, formation of a fluorescent derivative is not 
easily attained and native fluorescence is zero. Separation by gas chromato- 
graphy can be car&d cut in a silanized glass column packed with 3% OV-17 on 
Chromosorb W HP (100-120 mesh). However the maximum sensitivity 
obtained is only 50 ng because of adsorption problems making the quantitative 
analysis difficult. 
A method yielding better results was that nroposed by Haefelfinger [l7: 

181. This method is based on the i&rod&on of nitro groups into the 
aromatic ring followed by reduction to form the primary amine, diazotization 
and ~upling, either forming a coloured compound or reacting the amine 
formed with fhrorescamine to yield a fiuorescent compound. All these 
reactions are carried out in situ on silica gel chromatoplates. 

EXPERIMENTAL 

Reagents 
Anhydrous sodium sulphate, concentrated hydrochloric acid, I N potassium 

hydrozide, absohrte ethanol, chloroform and diethyl ether were analytical 
grade. 

Nitmfing mhtnre. To 40 ml of methanol is carefully added a mixture of 
30 ml 65% nitric acid and 10 ml 95-97s srrlphuric acid, with continuous 
cooling. The mixture of nitric aud sulphuric acids is very carefully prepared and 
under very intense cooling. This mixture is stable for several weeks. 

Redrccing titmium chbtie solufimz. To 20 ml of methanol, 4 ml of 
titanium(EI) chloride solution (15% of the titanium salt in 4% hydrochloric 
acid) are added. This solution is not stable for more than one hour. 

Sodium nitrite solution. Sodium nitrite (400 mg) is dissolved in 20 ml of 1 N 
hydrochloric acid. It is prepared just before use. 

N_(I-N~phthyl)et~ylenediamrire .wlution. N-(1-Naphthyl)ethylenediamine 
dihydrocbloride (1 g) is dissolved in 100 ml methanol. Although this solution 
is stable for several days, it is preferable to prepare it jus% before use. 

SCl2rZiitWds 
Adamexina (prepared by our Department of Synthesis) is dissolved in 

absolute ethanol, in various concentrations. 



Thimli3yer chromatogmphy 
Commercially available silica gel G plates (ZO Xzo‘ cm; 0.25 mm-thick, 

BdercB; Darn&&t, G.F.R.) v&lmut fluorescence are used. me tanks priere 
obtained from Desaga (Heidelberg, G.F.R.). Mieropipeti (20 or 25 ~1) for 
application of solutions onto tbe plates were obtained &om Pedersen 
(W=nhsgen, f)=m=k). 

In order to quantify the spcts in situ a Zeiss PMQ 11 spe&zophotidensiti 
meter 9788 used_ 

Extmction 

Residue 

I 
Ad=l 2ml of o #)%~cohSlic solution 
trouaht to ~9 1 with cone HCl. Shake 

ogoin for 30 set and centrifuge 
I I 1 

Residue 

I 

Disso!ve into Mpl 
Ob50fUte etkazo: 

apply25 811. and develoti. 

Chrmaatogmphic conditions 
Sktionary phase: silica gel G activated for 45 min at 110”. LMobile phase: 

ethyl acemetic acid-water (60:X5:15). Elution height: 10 cm. El&ion 
time: 1 h 15 min. RF: 0.6-0.7. Chamber: not saturated. Hution temperature: 
room temperature (20.--25”). 

Detection 
l%e detection consists of four steps: 
(1) Nit&ion. Spray with sulphonitric mixture. Place the plate in a Iidded 

staMess&eel box, which is kept in an oven at 115” for 15 min. Subsequently, 
it is cooled. 

(2) Reduction. Sp& with titanium chloride solution in methanol. Put in an 
oven at 115” for 30 min, Remove the plate and allow to cool. 

(3) Diazotiza,tion_ Spray with sodium nitrite dissolved in an acid medium_ 
Thy dry thoroughly w&b c&i air. 
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(4) Coupling_ Spray with N-(lmaph~y~)ethy~enecriamine solution in 
methanol, Then dry for 1 min under wsrm air. Sightly diffused, violet-rose 
spots appear- 

instrumental pbameters 
Apparatus: Zeiss PMQ Ii spectrophotodensitometer. Reading form: 

. _ 
rennssron. hmazc: 510 nm. Slit: variable, according to concentration. Register 
speed: 50 mm/min. Scanning speed: 50 mnl/mhl. 

The area unit means (Am) obtained on reading the spots in both directions 
(from the elution front aud perpendicular to it) and integration of the 
respective chromatographic peaks are used for standards in order to draw the 
corresponding calibration straight line, for each plate. Usually [19-251, the 
Am*/100 ratio and the quantity applied (pg) give the best coefficients of 
correlation and therefore are often used. 

As readings are not referred to an absolute blank but to the plate bhmk, the 
straight lines do not pass through the origin_ Nevertheless this is not important 
if working within the experimental range of the straight line and the line is not 
extrapolated. The obtained values, corrected with the dilution factors, will give 
the actual plasma concentration expressed in yg/mL 

The deproteinization of plasma has been attempted with the usual reagents, 
such as trichaoroacetic acid and m&tures of sodium tungstate-maleic acid. In 
each case, although the precipitation is abundant, the precipitating agent reacts 
with A&snexin~- or, at best, secondary reactions take place with some of the 
other plasma components, giving a sequence of chromatogrephic spots which 
interfere with the estimation of the Adamexina. 

Precipitation with organic soh~ents has been the only viable way tried with 
any success. Witk this in view, the most suitable solvent was chosen, through 
the calculation of the partition coefficients (Table I). Chloroform, because of 
the greater solubility of the drug at any pH, and diethyl ether, because of the 
s@ht solubilitg of the drug at acid pH, were the most advantageous solvents for 
the extra&ion and washing of the extra&s, respectively. 

Formation of derivatives 
‘The procedures for obtaining derivatives in situ have.been considered, and 

the following reactions appeared to be very sensitive: 

Adamexine DNo2v Nitrous d&v. soI3 Ii2 Dydrazine- Fluorescarnine 

--t Fluorescent derivative [26] 

The reaction takes place, but it has little sensitivity. Detection limit is 250 
ng/mL 



TABLE I 

CALCULATION OP THE PARTITION COEFFICIENTS OF ADAMEXINA FOR DIFFERENT pH VALUBS 

For a conccntratlon of 26 mg in 100 ml of B 10% hydraalcoholic solutiok Bxtractioa ie made with equal volumaa. 
Solvent pH - 6,7 (water) K,, pH q 8 (NH,OH) ZC;, pH 7 3 (acetic acid) Kp 

Chloroform 
Carbon 
tatracl~lorlde 
Diethyl ether 
Benzene 
Methyleno 
chlorida 

Aqueoue Organic Aquaous Organic 
phoso phm phase phase 

0,086 0,386 77 0.020 0.330 

0,166 0.200 1,a 0.17B 0.200 
0,160 0,170 1,l 0.13G 0.180 
0,240 0.216 1,6 0.146 0.210 

0,020 0.308 18,8 0.040 0,306 0.1 0.070 0.320 4.6 

10 

Aqueous Organic 
phm phm 

0.040 0.385 - 0,l 

I,7 0.206 0.100 0.5 
0.7 0.260 0,060 
1,6 0.230 0.116 

I_ .- --_ - - ^_ - - _^ _ . . . . _. - . . . . . _ .- -- - . - -I . -- ._. .- 



-: ‘b) Zi%mrescamine + 
: Fluoresst derivative 

The& ke Some difficukies in &fectiu~ the initial hydroly+ in a qutmtit&ive 
mamler. Recovery is 60-70%. : 

Adaniexina Ni?tio% ~itr&&i deriv. ssftg .Aromatic primary 

ee/8) Diazotization and coupling - Coloured derivative 

\<> Fluoresczunine --> Fluorescent derivative 

(a) The form&ion of a coloured derivative, &though requiring several 
successive treatments, does not present prohibitive complic&ions. The optimal 
conditions have to be established by experiment, by trying different reagent 
concentr@ons, as well zs times and temperatures for each of the steps of the 
Mon. In this respect, ‘the colour of the background of the plate plays a 
decisive role. When the reaction rate is increased, especially the nitration and 
the reduction, the background cobur rises rapidly, 

Under the hnal conditions, the violet-rose cokur of the spot, as well as the 

TABLE Ii 
EXAME'LES OF CALIBRATION STRAIGITFLINES FGRDWFERENTCHROMATO- 
PE&wES 

Plate c&lantity applifzcl Am*llOO 

(ia) 

If 

2 l * 

3*+* 

1 

0.5 

0.1 

1 

0.5 

0.1 

2 

1 

O-5 

100 

109 l 

52 
57 
11 
15 

105 
114 
58 
56 
18 
17 

424 
394 
181 
182 

56 
48 

fr = 0.99;y = 2.90+101.6x. 
l *r=0.99;y = 6.75+102.3x. 
l *%=0.99;y =61.75+236.5x. 



SPO 

ye&xvi& white hue of the background of the plate remain stabilized for at 
&& 5 h; this time can be increa~& up to 24 h by keeptig the p&e prot+ed 
frqm light. The sensitivity limit, in this csse, is 50 ng, which is sufficient for 
ourpurpose. The reaction candsobeczmiedout withE+mexineor with 
compo& having similar stzudures, although in this specific case the _ _ _ 
sen&mky is only 250 ng, a limit which can doubt&sly beimproved by a 
@ecific stidy of every step of the reaction. \ 

T&e rqxmse of the blank plasma is nil in hum& plasma and in rat plasma 
when it is fresh, and there appease only a very slight spot at the same RF as 
Adamexina when these plassa samples have been kept for some days in a 
Wzer; but even at worst the S-erference would only represent 20 ng, that is 
tu say, out of our tzerG&+ IimitS. 

(b) Uwing to the positive evolution of the above test, it has not been deemed 
~~ecegsary to consider this possibility. 

Cdit?mzfim curve 
Dae to the muitiple factors involving the chromatographic process, especially 

in the development step, it is necessary to draw a calibrafcio~ straight line 
independently for each cbromatopk&e in order to attain a fair ad$s.stnzent. 
Several examples are shown in Table II. 

TABLE III 

. VALUES OF THE PERCENTAGES OF RECOVERY IN PLASMA 

The range of conceidration wBs OS-4 rg/ml equivalent to O-25-2 .ug applied onto the plate. 
Mean Percentage = 82.4%; SD. = 6.78; n = 20; variation coefficient (P = 95%) = 3.2%. 
Stmightline parawetasr r = 0.9902;~ = 0.0517 f 0.7421x. 

Quantity applied Recovery 
(re) (a) 

2 75 
85 
70 
70 
83 

1 78 
75 
80 
85 

0.5 85 
92 
85 
85 
78 
80 

:p” 

0.25 90 
92 
80 
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Recovery and conj2ence limits 
The mean percentage of recovery in plasma is 82;4% with a range of concen- 

trations between 0.25 and 2 pg applied on the plate. ‘.. 
The sfSsti& data needed to establish thk precision-of the method and to 

cakzl&e the co~ponding cal.ibz&ion straight line are &en in Table III. 

In conclusion, the method is suitable for the estimation of levels of 
Adam&a and of other 2-amine-3,kXibromobenzyl ders.va$ives in plasma; 
the pharmacokinetics of such drugs in m8n or in some animal species, as well as 
the bioavailability of the various pharmaceutical preparations, will be studied 
further. 
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