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Diagnosis of antibody-mediated drug allergy

Pyrazolinone and pyrazolidinedione cross-reactivity relationships
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Based on the 1-phenyl-2,3-dimethyl-3-pyrazolin-5-one series and on the 1,2-diphenyl-
pyrazolidine-3,5-dione series of drugs, haptenic reagents and conjugates were synthesized
and evaluated by passive cutaneous anaphylaxis in guinea pigs, and by ELISA tests
using rabbit antisera against the haptens. No cross-reactivity between pyrazolinone and
pyrazolidinedione haptenic reagents was found in any of the test systems. But also within
each series, the animal antibodies showed rather strict specificities upon interaction with
related haptens or drugs. These results are somewhat unexpected, because the haptens
were used in connection with long and flexible spacer arms. Furthermore, they are not
typical for certain other drug allergies. The strict specificity reduces the diagnostic
potential of the haptenic reagents when used in serological tests or in skin testing.
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CLINICAL ASPECTS

The demonstration of antibody involvement in untoward reactions related to
pyrazolinone and pyrazolidinedione drugs by means of serological tests or skin
testing remains problematic. It may be extrapolated from animal immunizations
that the relevant haptenic structures allow only a low order of cross-reactivity, if
any at all. Antibodies against derivatives of the original drugs and metabolites may
therefore remain undetectable even with highly effective, oligovalent drug-peptide
conjugates.

Diagnosis of antibody-mediated allergy involv-
ing drugs and other chemicals of low molecular
weight is not straightforward, because the rela-
tionship between haptenic structure of the drug
and that to which antibodies are directed, is In
most cases not clear. Elicitation of specific reac-
tions in skin tests requires divalent or oligo-
valent units which in some cases may form n
situ by complex formation or chemical conjuga-
tion. However, preformed synthetic oligovalent
conjugates are expected to be more effective. In
serological tests, such as RAST or ELISA, the
drugs have likewise to be used in a carrier-
attached form.

It seemed conceivable that problems of spe-
cificity could be overcome by using haptens

connected to carriers via long and flexible
spacer molecules. A hapten displayed in this
way should enable interaction of antibody pop-
ulations with various structural elements of the
entire haptenic group and thus allow for consid-
erable cross-reactivity. If this was the case, anti-
bodies even against metabolically modified
structures of the original drug might be reliably
detected. Our experience with drugs and hap-
tens of the 1-phenyl-2,3-dimethyl-3-pyrazolin-
5-one and 1,2-diphenyl-pyrazolidine-3,5-dione
series (Figs. 1 and 2) shows however, that
“hapten-spacing” is not a general route to
enhanced cross-reactivities and seems, 1In some
instances, hardly effective.

The data presented here are an extension of
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Fig. 1. Chemical structures of synthetic haptens and related
drugs.

work published previously (4, 5) and form a
basis for evaluations of clinical diagnostic data.

MATERIAL AND METHODS

The haptens Buto, Buto-NH;*Cl, Butaz-
NH,*CI- (4) and Phenaz (5) have been de-
scribed previously (cf. also Fig. 1). For the
syntheses described below, the previous general
comments (4, 5) apply.

Synthesis of N° (1,2-diphenyl-3, 5-dioxo-pyrazolidin-
4-yl-acetyl)-6-aminohexanoic acid (Butaz; Fig. 2)

1, 2-Diphenyl-3, 5-dioxo-4-carboxymethyl-pyrazolidine
(intermediate 2)

An aliquot of 5.05 g (20 mmol) 1,2-diphenyl-
3,5-dioxo-pyrazolidine (3) in 30 ml 5 N NaOH
and 100 ml H,O was heated to 70°, mixed with
18.6 g (0.1 mol) iodoacetic acid, stirred for 15
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Fig. 2. Synthesis of the Butaz hapten and Butaz;-PAL from
1,2-diphenyl-pyrazolidine-3,5-dione (1,2-diphenyl-3,5-

dioxo-pyrazolidine).

min and immediately cooled in an ice bath. The
reaction solution was extracted into 100 ml
CH,Cl,, filtered, evaporated in vacuo until no
residual CH,Cl, was left and acidified with 6 N
HCI to pH 2 at 0°. The precipitate was filtered
off, washed with H,O, dried and recrystallized
twice from CH,Cl,/hexane. Yield: 2.4 g (39 %),
melting point: 188-190°. TLC (benzene/acetic
acid, 9:1): Rf 0.26, homogeneous; TLC (eth-
ylacetate/acetic acid/H,O, 3:1:1): Rf 0.90, ho-
mogeneous (IN+; RH +). -IR (CH,CL):
3440w, 3400-2400w, 3050m, 2970w, 2920w,
1750s, 1710s, 1680m, 1590s, 1490s, 1450w.
Elementary analysis: C;H;,N,O, (310.3)
Calculated: C, 65.80; H, 4.55; N, 9.03%.
Found: C, 65.52; H, 4.61; N, 9.10%.

N-Hydroxysuccinimideester of 1,2-diphenyl-3, 5-dioxo-
4-carboxymethyl-pyrazolidine (intermediate 3)

Intermediate 2 (2.79 g, 9 mmol) plus 1.04 g
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(9 mmol) N-hydroxysuccinimide plus 9.1
mmol dicyclohexylcarbodiimide in 100 ml
CH,CI, was stirred at room temp. for 1 h.
Excess carbodiimide was inactivated with ace-
tic acild and the urea derivative was filtered
off. The filtrate was evaporated and the resi-
due recrystallized twice from CH,Cl,/hexane.
Yield: 3.3 g (90%). TLC (chloroform/meth-
anol, 9:1): Rf 0.39, homogeneous; TLC (eth-
ylacetate/acetic acid/H,O, 3:1:1): Rf 0.77, ho-
mogeneous (IN +; UV +). -IR (CH,Cl,):
3050m, 2940w, 1810m, 1780m, 1750s, 1710m,
1590s, 1490s, 1450w.

Nt (1,2-Diphenyl-3, 5-droxo-pyrazolidin-4-yl-acetyl)-
6-aminohexanoic acid (Butaz)

To a suspension of 0.82 g (2 mmol) of inter-
mediate 3 in 20 ml tetrahydrofurane, 0.68 g (6
mmol) of 6-aminohexanoic acid in 20 ml 2%
K,CO, was added with stirring. The pH was
adjusted to 9 with 1 M NaOH and after 12 h
the tetrahydrofurane was removed in vacuo. The
residual aqueous solution was diluted with 30
m! H,O, extracted twice with 50 ml CH,CI,,
brought to pH 2 with 6 M HCI and extracted
into CH,Cl,. The CH,Cl,-extract was dried
(Na,S0O,), evaporated in vacuo and the residue
was recrystallized twice from CH,Cl,/hexane.
Yield: 1.0 g (85%), melting point: 138-141°.
TLC (toluene/acetic acid, 9:1): Rf 0.16, homo-
geneous; TLC (ethylacetate/acetic acid/H,0O,
3:1:1): Rf 0.81, homogeneous (IN +; UV +).
-IR (CH,CI,): 3440m, 3400-2400m, 3050m,
2940s, 2860w, 1750w, 1710m, 1690m, 1670s,
1590s, 1530m, 1490s, 1450w. -UV (0.02 M
borate buffer, pH 8.9): 258 nm, molar absorp-
tion 20000.

Elementary analysis: C,,H,;N;O; (423.5)
Calculated: C, 65.24; H, 5.95; N, 9.92%.
Found: C, 65.20; H, 5.98; N, 9.91%.

Preparation of N-hydroxysuccinimudeester
of Butaz (Butaz-OSu)

Butaz (0.85 g, 2 mmol) plus 2 mmol N-hy-
droxysuccinimide plus 2.05 mmol
hexylcarbodiimide in 20 ml CH,Cl, were stirred
for 1 h. The reaction mixture was treated as

dicyclo-

described for intermediate 3. Crystallization
from CH,Cl,/hexane gave 0.6 g (58 %) of acti-
vated ester. TLC (ethylacetate/acetic acid/H,0O,
3:1:1): Rf 0.93, homogeneous; TLC (chlor-
form/methanol): Rf 0.35, broad zone (RH +;
UV +).

Preparation of N* (6-aminohexanoyl)-4-amido-
antipyrine (Phenaz-NH ;' Cl)

4-Aminoantipyrine (1.12 g, 5.5 mmol) and 5
Neé-tert.
anoic acid in 20 ml dimethylformamide were

mmol butyloxycarbonyl-6-aminohex-
stirred at room temp. for 16 h with 5.5 mmol
dicyclohexylcarbodiimide and 5 mmol 1,2,3-
benzotriazol-1-ol (6). The pH was kept at 10
with triethylamine. After removal of the di-
cyclohexylurea by filtration, the filtrate was
diluted with 100 ml CH,Cl, and extracted with
200 ml each of 0.1 M HCI, 2% K,CO, and
H,O. After drying (Na,SO,) and removal of the
organic solvent in vacuo, the residue was kept in
15 ml 90 % trifluoroacetic acid at 0° for 30 min
in order to remove the tert. butyloxycarbonyl
protecting group. Trifluoroacetic acid was
removed in vacuo and the residue was taken up
in 100 ml 0.1 M HCI and extracted with 200 ml
CH,CI,. It was then extracted into 500 ml
CH,CI, after adjusting the pH to 11 with 5 M
NaOH. After drying (Na,SO,) and concen-
tration in vacuo, it was chromatographed on a
preparative 20 x 20 cm silica gel 60, F 254
plate (Merck) with CHCIL,/CH,;OH/17% NH,
(5:2:2). The main zone was eluted with the
same solvent and the product was lyophilized
after solvent removal in vacuo and dissolution in
an equimolar amount of 1 M HCI to give 1.0 g
(63%). TLC (ethylacetate/acetic acid/H,0O,
3:1:1): Rf 0.31, homogeneous; TLC (butanol/
acetic acid/H,O/triethylamine, 10:9:10:1): Rf
0.60, homogeneous; TLC (CHCIl,/CH,;OH/
17% NH,, 5:2:2): Rf 0.71, homogeneous (UV

+; NH +; IN blue; KMnO, decoloured
(C=C)). -IR (CH,CL): 3400w, 3200m,
3150m, 2930s, 2860m, 1690-1610s, 1590s,

1490s. -UV (H,0): 260nm, molar absorption
9400.

PAL, a bis-penta-L-lysine peptide carrier (7) as
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well as Phenaz,-PAL and Buto,-PAL (4, 5)
have been previously described.

Butaz-PAL (Fig. 2)

To 200 mg PAL in 4 ml 1 % K,CO,, a suspen-
sion of 360 mg Butaz-OSu in 4 ml tetra-
hydrofurane was added with stirring. The pH
was kept at 10 with 1 M NaOH and after 1 h
another 182 mg of Butaz-OSu was added as a
solid. After 4 h, tetrahydrofurane was removed
in vacuo and the residual solution was neu-
tralized with HCI and filtered through cotton
wool. The filtrate was passed through a 2.5 x
80 cm Sephadex-G-50 (Pharmacia, Uppsala)
column, operated with PBS, and subsequently
through a similar column of Sephadex-G-25,
coarse, operated with H,O. Conductivity mea-
surements showed that the conjugate was well
separated from inorganic salt. The conjugate
fractions were lyophilized: 335 mg (75 %). TLC
(butanol/H,O/acetic acid/triethylamine, 10:10:
9:1): Rf 0.82, homogeneous (RH +; NH -).
High voltage electrophoresis (5) (0.02 M borate
buffer, pH 8.9, 20 min.): 59 mm, anodic move-

ment, homogeneous. Amino acid analysis:
Lys,: (6-aminohexanoic acid);; found: 10:
5.98.

Anti-hapten-HSA antisera from out-bred guinea
pigs and rabbits has been described previously

(4).

Passive cutaneous anaphylaxis (PCA). The tech-
nique of Watanabe & Ovary (9) was used as
described (4, 5) for eliciting reactions in anti-
hapten-HSA sensitized guinea pigs.

ELISA technique has been described before using
Buto-NH,*Cl- and Butaz-NH,*Cl- for coating
the microtiter plates (4). For inhibition studies

the anti-Phenaz-HSA antiserum was used at a
1:6000 dilution.

RESULTS

Synthesis of Butaz and Butaz,-PAL

In order to have available a 1,2 diphenyl-

pyrazolidine-3,5-dione hapten attached to a
spacer molecule, the unsubstituted position 4
(Fig. 2) of the pyrazolidinedione ring offered
itself as a point for attachment. The starting
compound 1,2-diphenyl-3,5-dioxopyrazolidine
can be readily prepared (3), but its substitution
with short ®-bromo fatty acids up to the hex-
anoic acid derivative failed when conditions
which proved successful for the introduction of
bromobutane into the 4-position (2) were used.
The procedure with iodoacetic acid described
here gives in addition to the desired compound
a second reaction product in considerable pro-
portion which we believe to be a disubstituted
derivative. The chosen conditions are such that
virtually no disubstituted product forms, and
the purification problem is therefore essentially
reduced to separate unsubstituted starting com-
pound. A relatively low yield has, however, to
be accepted. Intermediate 2, carrying the acetic
acid substituent, was then further reacted with
6-aminohexanoic acid to Butaz, which repre-
sents the desired pyrazolidinedione hapten with
a long and flexible spacer arm ready for further
chemical couplings. For preparing Butaz,-PAL,
the carboxyl group of Butaz was converted into
the N-hydroxysuccinimide active ester and
reacted with PAL according to established
methods of peptide chemistry.

Elicitation of passive cutaneous anaphylaxis

It was shown previously (4) that Butaz-PAL
PCA after

application which exceed 500 mm? blue area in

produces reactions intravenous
sites which were intradermally injected with
1:1000 dilutions of anti-Butaz-HSA antiserum
from either guinea pigs or rabbits. This is like-
wise true for elicitation of homologous PCA
reactions with Buto-PAL and Phenaz-PAL.
Table 1 does not therefore list homologous data
and is restricted to showing cross-reactivity in
PCA sites injected with 1:10 dilutions of anti-
sera. It is evident that neither Butaz-PAL nor
Buto-PAL elicit anti-Phenaz reactions. It is par-
ticularly remarkable that the rather flexible
open-chain structure represented by Buto can-
not be accommodated by anti-Phenaz para-
topes. Furthermore, Phenaz-PAL does not elicit
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anti-Buto reactions. Cross-reactivity is seen
with Butaz-PAL which elicits anti-Buto re-
sponses. As shown before (4) Buto-PAL also
evokes anti-Butaz responses. However, the
extent of these cross-reactivities is not very

marked.

ELISA tests

Microtiter plates coated with Phenaz-NH,*ClI-,
Buto-NH,*CI- or Butaz-NH,*Cl- by means of
glutardialdehyde under defined conditions were
reacted with anti-hapten antisera from the rab-
bit in graded dilutions in order to detect specific
binding as described before (4). Fig. 3 shows
that Phenaz-coated plates bind only antibody to
the homologous hapten, whereas Butaz-coated
plates bind in addition to the homologous anti-
Butaz antiserum also to anti-Buto antibody.
The Butaz/anti-Buto specific interaction is con-
firmed by the PCA data of Table 1. The Buto-
coated plates appear to bind in addition to the
homologous anti-hapten antiserum also anti-
Butaz antibody to a small extent. This binding
would be expected in view of earlier PCA data
which showed that Buto-PAL could evoke anti-
Butaz reactions.

Quantitative data are obtained by assessing
the molar concentration of hapten required to
inhibit antibody binding to ELISA plates under
specified conditions. This is shown in Table 2

Table 1

Elicitation of PCA in intradermally sensitized guinea pigs*

Average area of blueing

Conjugate (mm?) in sites sensitized by
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Fig. 3. Binding of anti-hapten-HSA antisera from the rabbit
to ELISA microtiter plates coated with Phenaz-NH,*Cl-,
Butaz-NH;* CI-, or Buto-NH,*Cl- as a function of the anti-
serum dilution (final) in the wells. H B, anti-Phenaz;
O O, anti-Butaz; @ @, anti-Buto binding; ———-
binding of control serum from unimmunized rabbits. The

experiments were made twice, giving virtually the same set
of data.

for anti-Phenaz antibody, binding to Phenaz-
coated plates. Similar data regarding anti-
Butaz/Butaz and anti-Buto/Buto bindings have
been reported previously (4). It is remarkable
that none of the compounds, unless closely
related to the Phenaz haptenic structure, shows
any measurable inhibition. This includes the
salicyl haptens as well as structures of the 1,2-
diphenyl-pyrazolidine-3,5-dione type (phenyl-
butazone, suxibuzone, Butaz-NH.,*Cl, Buto-
NH,*CI"). From the more closely related deriv-

Table 2

Haptenic inhibition of anti-Phenaz-HSA antiserum, binding
to ELISA plates coated with Phenaz-NH;+*Cl-

Concentration (M)

ErEDeCng g for 50% inhibition

o Specificity 1:10 dilutions of

- of antiserum

0.1 pmol guinea pig rabbit
antiserum antiserum

Butaz,-PAL  anti-Phenaz 0 0

Butog-PAL anti-Phenaz 0 0

Phenaz,-PAL  anti-Buto 0 0

Butazi-PAL  anti-Buto 290-340 60-81**

* For each conjugate 4 animals were used and 3 to 4 sites
were injected with the same diluted antiserum. In all
animals, one test site was injected with normal rabbit
serum 1:10 or normal guinea pig serum 1:10. This was
negative in all instances. ** Data (4) included for referen-
ce.

Phenaz-NHg* Cl- 5 x 106
4-Aminoantipyrine 1 x 10*
Antipyrine 2 x 10
Metamizole 1 x 10
Propyphenazone 1 x 1073
Phenylbutazone > 102
Suxibuzone > 10-2
Butz-NH,* Cl- > 102
Buto-NH;*Cl- > 102
Salicylic acid > 10-2
0-Methylsalicylic acid > 102
Tartrazine > 1072
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atives, propyphenazone is a remarkably weak
inhibitor. Tartrazine was included because it
contains a sulfonated phenyl residue attached to
a di-nitrogen bridge. This constitutes an attach-
ment similar to the one found for the 1-phenyl
residue in the Phenaz-related haptens.

DISCUSSION

Among the antibodies that recognise small hap-
tenic groups there seem to occur at least two
types which differ in their way of interaction
with these
example of one category is constituted by the

specific structures. An extreme
anti-alcuronium antibodies of Baldo (1) which
reacted with a variety of other muscle relaxants
and even with unrelated haptens, provided they
contained quaternary or tertiary ammonium
salt groups. This low-specificity response was
found in several cases, but in at least one
patient a response strictly directed against
alcuronium was also noted. The benzyl-pen-
icilloyl haptenic group also gives rise to an
antibody response of quite broad specificity,
because the thiazolidine ring as well as the side-
chain can be modified without considerable loss
of interaction (cf. 5).

Another type of antibody response with rather
strict specificity seems involved with the pyra-
zolinone and pyrazolidinedione antigens studied
here. Although the heterocyclic rings in 1,2-
diphenyl-pyrazolidine-3,5-dione and in 1-
phenyl-2 3-dimethyl-3-pyrazolin-5-one haptenic
structures do not differ markedly and, although
partial structures around the 1-phenyl substi-
tuent are identical, no significant cross-reactivity
was observed between the two haptenic series.
This was established by the ELISA technique
using direct binding as well as haptenic inhibition
tests, and confirms data from PCA experiments
involving antisera from rabbits and guinea pigs.
The only interesting, but weak cross-reactivity, is
seen with the Buto haptenic structure which
interacts with anti-Butaz antibody and with the
Butaz structure which interacts with anti-Buto
antibody. On the other hand, the flexible Buto
with the opened heterocyclic ring does not inter-
act with anti-Phenaz antibody.

It is remarkable that in the antipyrine series

of drugs, even closely related compounds inhib-
it rather sluggishly with propyphenazone,
requiring as much as 10 M (Table 2). Weak
interaction of propyphenazone with anti-anti-
pyrine antiserum was also reported by others
(8) but 1t 1s possible that unspecific binding of
the drug may compete with antibody binding in
the tests.

It may not be expected that the strict specif-
icity of the anti-pyrazolinone and anti-pyra-
zolidinedione antibodies will hold in all possible
cases. However, since we find strict specificities
in rabbits, as well as guinea pig immunizations
confirming other results in rabbits (8), one
should expect that at least a significant propor-
tion of clinical responses will also be character-
ized by strict specificity. This seems indeed
suggested by clinical data obtained from the
EGDA (European Group for Drug Allergy).
Preliminary surveys show that within a group of
170 patients with a history of adverse reactions
to pyrazolinone and pyrazolidine-dione drugs,
only 24 % showed positive skin tests to the PAL
reagent and 18 % to the bulk components of the
incriminated drugs. Of the reactants to the
drugs, only a third reacted to PAL conjugates.
A more detailed survey of these data will be
presented in due course.
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