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Dapsone Assay Based on Schiff Base Formation 1 

Louis Levy and Lucy J. Higgins" 

Because of increasing interes t in the 
therapy of both malaria (U, 10.) and lep
rosy (~. i. S) with dapsone in doses that re
sult in extremely small tissue and blood 
concentrations of the drug, there is need 
for a more sensitive dapsone assay. A re
cent report (4) of a sensitive sulfonamide 
assay based on the phenomenon of Schiff 
base form ationR led to the development 
of a dapsone assay, similarly based on 
Schiff base formation , which is somewhat 
more than twice as sensitive as the com
monly used Bratton-Marshall method (1). 

MATERIALS AND METHODS 

Absorption spectra were recorded by 
means of a Beckman OK 2A ratio-recording 
spectrophotometer. Photometric measure
ments of the absorbance of the colored 
Schiff base solutions were made a t the ap
propriate wave-length with a Beckman OU 
spectrophotometer using cells of 1 cm. light 
path or with a Hitachi-Perkin Elmer Model 
139 UV-Vis spectrophotometer using cells 
of 2 cm. light path. Measurements of "to
tal" and "free" dapsone concentrations were 
accomplished by Simpson's modification of 
the method of Bratton and Marshall (0). 

Analysis by the Schiff base method. A 1 
ml. sample of blood is made alkaline by the 
addition of 0.2 ml. of 0.25 M Na:1P04 and 
diluted with 1 ml. of distilled water in 
order to facilitate extraction. This solution 
is shaken for 15 minutes with 20 mI. of 
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"A Schiff base is defin ed (') as the prod uct of the 
condensa tion of an a ldehyde with a prim ary amin e 
that contains a q rl)On .nitrogen doubl e hond o 

chlorofonn and centrifuged briefly in order 
ro break the emulsion that results from 
shaking. Fifteen ml. of the chloroform layer 
are then removed and evaporated to dry
ness under an air jet at 37°C. The residue 
remaining after evaporation of the chloro
form is dissolved in 5 ml. of ethanol, after 
which 1 ml. of 10 N H 2SO.t and 4 ml. of a 
0.4 M solution of an aromatic aldehyde4 

are added. A color appears instantaneously, 
the absorbance of which is measured in a 
spectrophotometer at the wavelength of the 
absorption maxima determined from a re
cording of the absorption spectrum of the 
Schiff base solution . 

RESULTS 

The aromatic aldehydes listed in Table 1 
fail ed to yield a colored Schiff base solu
tion with an ethanolic solution of dapsone. 
Other aromatic aldehydes, listed in Table 
2, yielded intensely colored solutions. The 
color yielded by the reaction of 4-dimethyl
aminobenzaldehyde with dapsone is the 
most intense, followed by the reaction with 
dapsone of the very similar aldehyde, 4-
diethylaminobenzaldehyde. The molar ab
sorbance of the colored Schiff base result
ing from the reaction of 4-dimethylamino
benzaldehyde with dapsone is 2.4 times 
that calculated for the chromophore result
ing from the application of the Bratton
Marshall procedure to dapsone. 

The Schiff base procedure, using 4-
dimethylaminobenzaldehyde. and the Brat
ton-Marshall procedure were applied to the 

' With th e exception of pyridoxa l and pyridoxal 
phosphate, pll'"chased from th e . Sigma Chemica l 
Company, St. Louis, Missouri , the aldeh yd es used 
were a ll purchased from the Eas tm an Kodak Com 
pan y, R ochester, New York . 
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blood of a patient w ith lepromatous lep
rosy who was under treatment wi th 50 
mgm. of dapsone orall y daily. Blood was 
drawn be fore the daily dose of the drug, 
and aga in at 2, 4 and 6 hours a fter the dose 
was given. A comparison of the absorb
ances and calculated dapsone concentra-

tions obtained by the two procedures is 
presented in Table 3. The data recorded 
demonstrate the close correspondence be
tween the two methods for dapsone analy
sis. It is apparent from these data that the 
calculations of dapsone concentration from 
the Bratton-Marshall technic are based on 

TABLE 1. Aromatic aldehydes yielding a colorless solution with dapsone. 

3-aminobenza ldehyde 
benzaldehyde 
1,2-benzenedicarboxaldehyde 
1,4-benzenedicarboxaldehyde 
2-chlol'Obenzaldehyde 
4-chlol'Obenzaldehyde 
trans-ci nnam aldehyde 
2,4-dichlorobenzaldehyde 
2,5-dihydl'Oxybenzaldehyde 
2-ethoxybenza ldehyde 
2-hydroxybenzaldehyde 
2-hydroxy-5-ch lorobenzaldehyde 

2-hydroxy-l-na phthaldehyde 
2-hydroxy-3-nitrobenzaldehyde 
2-hydroxy-5-ni trobenzaldehyde 
4-isopropylbenzaldehyde 
2-methoxybenzaldehyde 
4-methoxybenzaldehyde 
4-methy lbenza ldehyde 
I-naphthaldehyde 
3-nitrobenzaldehyde 
4-ni trobenzaldehvde 
pyridoxal . 
pyridoxal phosphate 

TABLE 2. Aromatic aldehydes yielding intensely colored solutions with dapsone. 

3,4-diethoxybenzaldehyde 
4-diethylaminobenzaJdehyde 
2,4-dihydroxybenzaldehyde 
3,4-dimethoxybenzaldehyde 
4-dimethylaminobenzaldehyde 
3-ethoxy-4-hydroxybenzaldehyde 
4-hydroxybenzaJdehyde 
3-methoxy-4-hydroxybenzaldehyde 

(Bratton-Marshal1 procedure) 

,\ max.a 

(m,u ) 

410 
470 
395 
405 
470 
410 
385 
410 
550 

. "A max. is that wave length a t which the absorbance of inci dent light is maximal. 

3.7 
9.7 
5.0 
1.2 

11.7 
3.3 
3.1 
3.0 
4.9 

)'A" is th e molar a bsorbance, given for each compound at its absorption maxi mum. T he molar absorb· 
alice is the absol'bance of a solution of 1 M concentration pe r cm. of light path. 

TABLE 3. Comparison of the Bratton-Marshall and Schiff base methods. 

Sample 

0.5 ,ugm. dapsone standard 
1.0 ,ugm. dapsone standard 
5.0 ,ugm. dapsone standard 
Baseline blood 
Blood 2 hours after dapsone 
Blood 4 hours after dapsone 
Blood 6 hours after dapsone 

--------

Bratton-Marshall 

"Total" 
H A 

.00 

.01 

.10 

.0.'3 

.07 

.07 

.06 

9 
.'3 
1 
6 
4 
H 
'6 

Dapsone" 
- ---

1.70 
.'3.4.'3 
3.62 
3.1.'3 

- --

"Free " 

A I Dapsone 

.008 

.014 

.083 

.017 1.10 

.050 3.08 

.050 3.08 
I .050 .3.08 .- -

Schiff base 

"Free" 

A Dapson 

.032 

.069 

.367 

.082 1.20 

.211 2.92 

.200 2.80 

.]80 2.50 

e 

"A is Ihe lll easu red ahsor hall le. at :.:'0 lll IL (or Ihe Bra tton ·Marshall p rocedII re, attll at 470 lll IL for Ih e 
Schill' hase procedure wilh 4. dilll e lh y l ant!llo l~e ll za ld e h yd e. empl.oyillg ce ll s of 2 em. light palh. All va l li es 
represent the mea ll of duplica te d etennlllatlOns after ~ubtractlOn of Ih e blank absorbance. 

hIJapsone is the concentra tIon o f dapsone ca lcu lated ll1 ILgm ./ ml. of Ih e sampl e. 
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absorbance measurements that are much 
smaller than thost' from the SchiA: basc 
tt'chnic. 

DISCUSSION 

In their discussion of the Schiff base 
method for sulfonamide analysis , Colaizzi 
et aZ. (4 ) emphasized the importance of a 
maximal alcohol concentration, a high hy
drogen ion concentration, and a large mole 
ratio of aldehyde to amine in obtaining the 
maximal yield of Schiff base. The method 
described here for dapsone was designed 
with these recommendations in mind. Thus, 
virtually a saturated solution in e thanol of 
the aldehyde was used . The volume and 
concentration of acid employed were se
lected to provide maximal color intensity. 
Extraction with chloroform followed by 
evaporation of the extract to dryness was 
undertaken as a means of limiting the 
water present to that in the 10 N HzSO., 
and that contaminating the ethanol. 

The need to limit the wate r in the sys
tem requires extraction of dapsone with a 
water-immiscible organic solvent from the 
alkalinized sample. This Schiff base meth
od, therefore, measures only the dapsone 
that is "free," i.e ., soluble in organ ic sol
vents. That which is conjugated with 
glucuroniC acid (3) and thus made water
soluble, is not extracted by chloroform. 
This limitation is not severe, since the bulk 
of the dapsone measured by the Bratton
Marshall procedure is "free," and since the 
dapsone metabolites are probably not bio
logically active ( X) . The need to evaporate 
the chloroform extract to dryness results in 
a more cumbersome procedure than the 
Bratton-Marshall procedure for "total" dap
sone, but a procedure that is no more dif
ficult than the Bratton-Marshall technic 
for "free" dapsone. Chloroform was chosen 
as the solvent for extraction because of its 
low boiling point ,and its immiscibility with 
water. Ethyl ace tate was found to yield 
a large blank absorbance, while extraction 
with ether, because of the great volatility 
of this solvent, was subject to such great 
volume changes as to make the measure
ment unreliable. 

Despite these limitations, the Schiff base 

method using dimethylaminobenzaldehyde 
is inherently approximate ly 2.4 times as 
sensitive as the Bratton-Marshall technic, 
considering only the differencc in the molar 
absorbance of the two chromophores. An 
additional factor of 1.5 is obtained because 
the entire 15 m1. of extract is used for the 
determination, followin g evaporation to 
dryness,' ra ther than merely the 10 m1. used 
in the Bratton-Marshall procedure for 
"free" dapsone. 

If one were satisfied with an absorbance 
of .020 ( after subtraction of blank absorb
ance), this procedure might be modified 
so that a concentration of dapsone as small 
as 0.025 JLgm./ m1. might be measured. 
Thus, if 5 m1. of blood were extracted with 
100 ml. of chloroform, the chloroform ex
tract evaporated to dryness , the residue 
dissolved in 1.5 ml. of e thanol , and the vol
ume made up to 3 m1. by the addition of 
0.3 m1. of 10 N H 2S04 and 1.2 m1. of the 
ethanolic 4-dimethylaminobenzaldehyde so
lution, dapsone in an initial concentration 
of 0.025 JLgm./ ml. should yield an absorb
ance of .020. This degree of sensitivity 
might b e achieved by analogous modifica
tions of the Bratton-Marshall technic for 
"free" dapsone. But, because of the greater 
molar absorbance of the Schiff base, Schiff 
base formation would seem ' to be a more 
rewarding procedure. 

Since so laborious a procedure would 
be very difficult to accomplish under fi eld 
conditions, and since no amount of labor 
will increase the sensitivity if the sample 
size is limited ( as, for example, when 
measurement of dapsone concentrations in 
skin biopsies is desired ), better methods of 
dapsone analysis must ye t be sought. 
Studies of a fluorom etric method and a 
method involving the technic of isotope 
dilution are planned. 

SUMMARY 

An analytic method for the measurement 
of dapsone concentrations in blood has 
heen developed, based on the phenomenon 
of Schiff base formation be tween 4-
dimethylaminobenzaldehyde and dapsone. 
This method, which measures only that 
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dapsone that has not been metabolized, 
is proposed as an alternative to the meas
urement of "free" <?oncentra tions by the 
Bratton-Marshall technic. The Schiff base 
method is at least 2.4 times as sensitive as 
the Bratton-Marshall technic, but is some
what more laborious. It is not yet the ideal 
sensitive assay for dapsone. 

RESUMEN 
Un metodo anaHtico para med iI' ]a con

centracion de dapsona en la sangre fue desar
rollado, bas~lndose en la form ac:ion base de 
Schiff, entre 4-dimethylaminobenzaldehydo y 
dapsona. Este metodo que mide solamente la 
dapsona que no ha sido metabolizada, se pro
pane como una alternativa para mediI' las con
centraciones "libres," pOl' el metodo de Bratton
Marshall . El metoda base de Schiff es porIa 
menos 2.4 veces tan sensible como la tecnica 
de Bratton-Marshall , pero exige mayor trabajo 
para ser ejecutado. No es todavia el metodo 
ideal de sensibi lidad para la dapsona. 

RESUME 

On a mis au point une methode analytique 
destinee a mesurer les concentrations de dap
sone dans Ie sang. Ce procede est base Sur 
Ie phenom£me de la formation de base de 
Schiff entre la 4-d imethylaminobenzaldehyde 
et la dapsone. Cette methode, qui mesure 
seu lement la dapsone qui n'a pas ete metabo
lisee, es t proposee comme solution de rechange 
pour la mesure de la concentration "libre" par 
Ia technique de Bratton-Marshall. La methode 
a la base de Schiff est au moins 2.4 foi s p lus 
sensitive que la technique de Bratton-Marshall, 
mais elle exige plus de travail. E lle ne consti
tue pas encore l'epreuve dotee d'une sensi
bilite ideale pour Ie dosage de la dapsone. 
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