
PAF acether release on antigenic challenge
A method for the investigation of drug allergic reactions

Dtinoyer-Geindre S, Ltidi F, Perez T, Terki N, Gtimowski PI, Girard JP.
PAF acether release on antigenic challenge. A method for the investigation of
drug allergic reactions.
Allergy 1992: 47: 50-54.

This sttidy describes an in vitro method to evaluate a PAF acether release
test (PART) from white blood cells after antigenic challenge. PAF acether
activity of the supernatant was tested by platelet aggregation. The aggregating
power was abolished by using SRI 63-441 (Sandoz), a PAF acether
inhibitor. This method was applied to 57 patients with allergic or
pseudo-allergic reaetions to drugs by using different drug protein conjugates.
The results of PART were evaluated in relation to the clinical history
(score of itnputability) and to other tests (skin tests, lymphocyte
transformation tests (LTT), igE-RAST). A good correlation was found
between the release of PAF acether and a high predictability score: sensitivity
75%, specificity 83.8%. PART also correlated with skin tests (75%
agreement, « = 60), with LTT (61.1% agreement, « = 74) and in 65.6% of
cases with positive penicillin IgE-RAST (n = 32). This method brings a new
possibility for the investigation of drug-allergic and pseudo-allergic
reactions.

S. Dunoyer-Geindre, F. Ludi, T. Perez,
IM. Terki, P. 1. Gumowski, J. P. Girard
University Cantonal Hospital of Geneva,
Switzerland

Key words: antigenic challenge; drug allergy;
PAF acether; PAF release; platelet aggregation.

S. Dunoyer-Geindre
Institute of Immunology and Allergology
Hopital de la Tour
3, Avenue J.D. Maillard
CH 1217 Meyrin/Geneva
Switzerland

Accepted for publication 30 April 1991

The involvement of PAF acether in allergic reactiotis
and in inflammatory processes is well established (2,
4, 6, 8, 17, 20, 24). This powerful mediator of
inflammation can be released upon activation, by
various stimuli, of different immune cells, such as
basophils, macrophages or neutrophils (16). Parti-
cularly, this neoformed mediator can be released
from sensitized basophils and mast cells upon anti-
genic challenge (3, 5, 23).

We were interested to find whether PAF acether
could be released specifically in vitro by an antigen
and if this could eventually be used as a new method
for the investigation of allergic diseases. We there-
fore tested a method in vitro atid applied it to the
diagnosis of drug allergy using drugs linked to human
serum albumin (HSA) as protein carrier. We report
here the first results obtained by this approach and
compared the results with those obtained by other
classic methods used in the investigation of drug
allergies (9, 13).

Material and methods
Patients and controls

The study comprised 57 patients from the Allergy
Clinic of the University Hospital of Geneva, all
of whom were strongly suspected of having drug
allergy". 36 to penicillins, 8 to cotrimoxazole (Iri-
methoprim-sulfamethoxazole) or one of its compo-

nents, 12 to aspirin, and 12 to lidocain. The patients
were distributed into 2 groups: Group I had true
allergic reactions by history (immediate or delayed
hypersensitivity) and Group II had suspected
pseudo-allergic, idiosyncratic or intolerance reac-
tions (mainly patients with untoward reactiotis to
aspirin or lidocain). The patients were allocated to
each group according to a clinical predictability score
for the suspected drug. This score is established using
a questionnaire (19) taking into account, firstly the
chronology of events (delay of appearance of symp-
toms, efl"ect of discontinuing the treatment and of
challenge with the drug) and, secondly, disease
symptotiTS (suggestive history, favouring factors,
other causes non-drug related). The results are scored
from 0 (doubtful) to 6 (highly suggestive of an aller-
gic or pseudo-allergic reaction to the suspected drug)
(19).

PART was also applied to a control group (i.e.
volutiteer patients with sirnilar drug treatment but
without allergic reaction) to ensure that the different
conjugates did not induce a non-specific release of
PAF acether. Ten volunteers were recruited for each
drug tested.

Skin tests with the suspected drug were performed
in each patient, first by prick-test, using a 1 mg/ml
solution and if negative, intradermal tests were done
with serial dikitions starting at 10"'' mg/ml.

Lymphocyte transformation tests (LTT), which can
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be used to demonstrate drug hypersensitivity (1, 13,
15, 21), were performed with the suspected drug
usitig the method previously described by Girard
etal. (12).

IgE-RAST were dotie with the sera of patients
with suspected penicillin allergy, using commercially
available penicillin nitrocellulose disk and RAST kits
(Pharmacia® Uppsala, Sweden).

Preparation of hapten-protein conjugates

Coupling was tnade at basic pH (10.4 to 12) using
human serum albumin (HSA) as protein carrier and
drugs corresponding to the Pharmacopoeia Helvet-
ica VI. To prepare penicilloyl HSA, lidocain HSA,
aspirin HSA, cotrimoxazole HSA and sulfamethox-
azole HSA cotijugates, the drugs were first dissolved
in phosphate buffered saline pH 7.4 (PBS), theti
added to a 10 mg/ml HSA solution. To prepare tri-
methopritn HSA conjugate, trimethoprim was dis-
solved in dioxan 1,4 then added to the sarne HSA
solution. Each coupling was tnade with an excess of
drug. After 18 h incubation, each cotijugate was ex-
tensively dialysed against PBS to eliminate the sol-
vent and the remaining free drug. Conjugates were
stored at - 18°C utitil use.

The atnount of drug conjugated was assessed by
fluorescence polarization immuno-assay (F.P.I.A.,
Abbott TDX®, Abbott Diagnostics®, IL) for the
drugs for which this assay was available. The
degree of conjugation was reproducible from batch
to batch for each given drug (<20% variation), i.e.
aspirin: 1.59 ±0.24 mol/mol, lidocaine: 45.5 ±9.0
mmol/mol.

PAF acether release test

Release of PAF acether in vitro. Heparinized blood
50 IU/ml whole blood) was collected frotn the aller-
gic patient. White cells were separated on Ficoll-
metrizoate (tiietrizoic acid sodiutii salt (Sigma®)
75%:Ficoll 5.6% (Pharmacia®), 1:6.9 v/v), then
washed in a Tris saline buffer (Tris-HCl 10 tnM,
NaCl 136 mM, pH 7.4) (23) and centrifuged for 10
min at 1200 rpm. After 2 washings, cells were
counted, suspended in tyrode albutiiin buffer at pH
10.4 (7). Drug proteiti conjugate was then added and
the volutne of the suspension adjusted with tyrode
albumin buffer to obtain a 1.10̂  cells/ml final sus-
pension, according to the tiiethod described by Tence
et al. (23). Several dihttions of hapten protein con-
jugate were used. The cell suspension was incubated
overnight at 37 °C. Supernatant, with or without
P A F acether, was then recovered and stored at
~ 18°C until use. To control the absetice of PAF
acether release in the experimental conditions, the
cells of patients were also incubated with the buffer

alone. Cellular viability in the experimental condi-
tions was ensured by usitig an exclusion test with
Trypan blue. Moreover, to ensure that the drug con-
jugates did tiot itiduce a tioti-specific release of PAF
acether, each of them was tested with healthy do-
nors' cells, and with cells from allergic patients pre-
senting no reaction to the substance under test.

Platelet aggregation test

Venous blood was taken with sodiutn citrate (3.8%
1:10 v/v) from a healthy donor then centrifuged at
rootn temperature at 800 rptii for 15 min. The
platelet-rich plasma (PRP) was recovered and the
pellet centrifuged once more at 4000 rpm for 10 min
to obtain platelet poor plastiia (PPP). PAF acether
activity of the supernatant was tested by measuring
the aggregation of PRP induced, using an aggrego-
tiieter (PAP 4, Bio Data Corporation).

200 f.tl of PRP was introduced in an aggregonieter
tube under stirring at 1100 rptn. 20 to 60 jil of super-
natant was added to the tube and changes in light
transmission were recorded. PAF acether activity of
the supernatant was evaluated in percent of aggre-
gation induced by a synthetic PAF acether solution
(L-a-phosphatidylchoIine, P-acetyl-Y-0-(octadec-9-
cis-enyl) (Sigtna)), solution 1 |aM in tyrode albutnin
buffer used as positive control.

Use of PAF acether inhibitor = SRI 63-441

To ensure that the aggregating agent released was
in fact PAF acether, a PAF acether inhibitor was
used: SRI 63-441 (14), (cis( +/ - )-l-[2[hydroxy
[[tetrahydro-5[(octadecylaminocarbonyl)oxy]
methyl] furan-2-yl]niethoxyphosphitiyloxy]ethyI]-
quinolinium hydroxide) kindly provided by Doctor
J. Morley (Sandoz, Basel, Switzerland). When a
supernatant exhibited an aggregating power, the
platelet aggregation test was repeated in the presence
of the inhibitor: successively, 20 [il of the inhibitor
solution then the aggregatitig supernatant were added
to the platelet suspension and aggregation inhibition
recorded. 0.1 îM, 1 (.iM, 10 îM atid 100 jJtM solu-
tions of SRI 63-441 in Tris tyrode buffer (CaCl,.6
H.,0 lOOtiiM: 0.65 ml; MgCU.6 H,O 100 niM:
1.22 ml; NaCl: 8 g; Tris: 1.21 g; HSA:'250 mg; qsp
distilled H2O 100 tnl) have been used. The inhibit-
itig capacity of aggregation was also treated with the
following agents: ADP 10 |.tM, arachidonic acid
5 tng/tnl, PAF acether 1 j^M.

Statistical analysis

The distribution between release and non-release of
PAF acether versus clinical score was analysed with
a Mann-Whitney test. Results obtained with PART
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Table 1, Relation between release or non-release of PAF acether in vitro and the clini-
cal score. Statistical analysis using a Mann-Whitney test shows a significant difference
between the 2 distributions with p < 1,10"^

Score

Drug 0 1

PAF Penicillin
release Aspirin

Cotrimoxazole and/or
separate components

Lidocain

Total ing 19)

No PAF Penicillin
release Aspirin

Cotrimoxazole and
separate components

Lidocain

Total |n=49)

10
10

10
10

3 5
2 1

1 1
1

7 7

14 3
3

2 1
3

5 13 22

C = control population.

were compared with those obtained by LTT and by
skin test. The diseordant responses (i,e, for the same
patient, positive results by using one method and
negative by using the PAF aeether release method
or vice versa) were analysed by a MeNemar test to
find whether distribution ofthe differenees was sym-
metric.

Results

PART and clinical score. A good correlation was
observed between the release of PAF acether and a
high cHnical score (score >3), whereas the absence
of PAF acether release correlates with a low clinical
score (Table 1), Statistical analysis using a Mann-
Whitney test shows a significant differenee between
the 2 distributions with /;< 1,10^'', A release of PAF
aeether was never observed among negative eon-
trols.

When considering a score >4 as indicative of an
allergic reaction, the sensitivity ofthe test was found
to be 75% and the specificity 86,5% (Table 2), The
predictive values were respectively of 63,1 %, for the
positive lests and 76,2% for the negative tests, with
an efficiency of 83,8%, (Table 2),

FART and LTT. When comparing the results ob-
tained with PART and LTT, a good agreement eould
be found in 67,6%« ofthe tests {n = 74) (Table 3), The
discrepancies between the release of PAF acether
without lymphoblastic stimulation and non-release
of PAF acether and eellular proliferation were ana-
lysed by a McNemar test and did not show a non-
symmetric distribution of diflferences (a = 5%,),

FART and skin tests. Because of skin dermato-
graphism or for clinical reasons (risk of anaphylac-

Table 2, Evaluation

Score ^ 4
Score<4

of the PAF acether release method

Release of PAF
acether

A=12
C=7

No release of PAF
acether

B = 4

Predictive value, positive

Predictive value, negative

Sensitivity

Specificity

Efficiency

A + C
D

B + D
A,

A + B
D

= 63,1%

= 76.27%

= 75%

,53%
C + D

A + D

A-I-B + C + D
- = 83.82%

Table 3, Comparison of the results obtained with lymphoblastic transformation tests
(LTT) and PAF acether release IPART)

PAF
release

No PAF
release

Drug

Penicillin
Aspirin
Cottimoxaiole
Trimethoprim
Sulfamethoxazole
Lidocain
Total

Penicillin
Aspirin
Cotrimoxazole
Trimethoprim
Sulfamethoxazole
Udocain
Total

No.
patients

12
3
2
0
0
1

18

23
13
3
3
4

10
56

Positive
LTT

5
0
2
0
0
0
7

5
3
1
0
1
3

13

Negative
LTT

7
3
0
0
0
1

11

18
10
2
3
3
7

43

tic shock), only the results of 60 skin tests to diflfer-
ent drugs were available (Table 4), The results
between PART and skin tests agreed in 75% ofthe
tests and the divergences were equally distributed
(Table 4),

FART and IgE-RAST. Among the patients with a
suspected penieillin allergy, 32 RAST to penieillin
were performed, A positive correlation was observed
in 65,6%, of the cases. The divergenees were also
equally distributed.

Inhibition assay using SRI 63-441, The results ob-
tained with the PAF acether inhibitor SRI 63-441
are shown in Table 5, Final concentration of the
inhibitor varying from 0.1 j-iM to 1,0 yvM abolished
the aggregating activity of an 1 |.iM PAF acether
solution or the aggregating activity ofthe supernatant
recovered. However, the same eoneentration of the
inhibitor was without effect on the aggregating power
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Table 4. Comparison of the results obtained with skin tests and PAF acether release

PAF release

No PAF release

Drug

Pencillin
Aspirin
Cotrimoxazole
Trimethoprim
Sulfamethoxazole
Lidocain
Total

Penicillin
Aspirin
Cotrimoxazole
Trimethoprim
Sulfametoxazole
Lidocain
Total

Table 5. Inhibiting power of SRI 63-441

[SRI 63-441] nM

0.01
0.1
1
2
5

10
100

PAF 1 flM

-

Partial
-(-
+
+

Positive
skin tests

6
0
3
0
1
0

10

3
2
3
1
1
0

10

Arachidonic.
acid 5 trig/ml

_
-

-
-

Partial

+

Negative
skin tests

3
1
0
1
0
0
5

17
4
2
2
2
8

35

ADP 10 nM

-

-

-
-

Partial

+
~ =no inhibition of the aggregation induced by the agonist.
+ = inhibition of the aggregation induced by the agonist.

of a 5 inl/mg arachidonic acid solution and a 10 ^
ADP solution. To neutralize the aggregating activity
of arachidonic acid or ADP, the final concentration
of SRI 63-441 had to be higher than 10 ̂ M.

Discussion
This study demonstrates that in vitro incubation of
peripheral white cells from an allergic patient with a
drug protein conjugate can result in their activation
and the release of mediator. The use of a specific
inhibitor (SRI 63-441) and the ensuing suppression
of the aggregating activity of the recovered super-
natant by a high dilution of this inhibitor, strongly
suggest that the mediator released is PAF acether.
PAF acether is a neoformed mediator (23, 24), its
release upon the influence of drug antigen in exper-
imental conditions must be specific. Several controls
Were carried out and these confirm this assertion.
Release of this mediator by drug antigen in a non-
allergic subject was not observed, and the incubation
buffer alone (tyrode albumin buffer) without antigen
failed to induce a release of PAF acether in allergic
patients. Lastly, in a patient with allergic reaction to

a given drug, the incubation of his cells with another
drug conjugate did not produce PAF release.

In preliminary tests performed by using the drug
alone (1 mg/ml), a significant release of PAF acether
could be obtained only in isolated tests (results not
shown). This observation would agree with the gen-
eral hypothesis that in order to become antigenic,
most drugs which are low molecular weight com-
pounds, must be coupled to a carrier (18). Several
authors have already observed a better response in
skin tests (11) and in LTT (13) by using hapten-
protein conjugates instead of the hapten alone. How-
ever, in this preliminary work, only one hapten-
protein conjugate has been tested for each drug and
it would be interesting to know if the efficiency of this
test can be improved by modifying the hapten/carrier
ratio and the accessibility of the hapten on the car-
rier. Experiments are in progress to show whether
PAF acether release could also be obtained with free
drugs using different concentrations.

The clinical score established from the clinical his-
tory represents a reasonable approach to evaluate
this method, and the statistical analysis of the results
obtained shows a good reliability between the release
(or non-release) of PAF acether and this clinical
score.

No false positive results could be observed. There
were some cases in which we could not observe a
release of PAF acether in spite of a high clinical
score. This concerns 3 cases of suspected allergy to
penicillin and one case of suspected allergy to cot-
rimoxazole also for which neither skin tests, RAST
or LTT could confirm the clinical impression. Thus,
it appears that in these 4 cases, evaluation with the
clinical score was overestimated, or that the proper
antigen was not investigated, i.e. an antigenic me-
tabolite, an additive or a preservative was over-
looked.

The specificity, sensitivity and efficiency of the
method are satisfactory. However, if the predictive
value for the negative tests is fairly good (76%), the
predictive value for the positive tests is only of 63 %.
Further experiments are required to improve this
performance. The results obtained were compared
with other tests commonly used in our department.
We could show that the skin tests and the LTT were
in good agreement with the release of PAF and that
the discordant results are equally distributed.

When PART and RAST were compared for pen-
icillin, the two tests gave only 65.6% concordant
results. The RAST estimates the circulating level of
IgE antibodies specific to penicillin, whereas the
PAF test is related to the cellular response of sen-
sitized white blood cells upon antigenie challenge. It
has already been shown that humoral sensitization
to penicillin is not automatically related to a hyper-
sensitivity reaction upon re-exposure to a P-lactam
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antibiotic (10). This may in part explain the discor-
dant results observed between RAST and PART.

The first analysis of clinical elements shows that
PAF acether can be released in various types of
physiopathological manifestations. A release of PAF
acether was obtaitied in patients with intolerance to
aspirin, which is usually non-immunologically medi-
ated. Aspirin and other non-steroid anti-inflam-
matory drugs inhibit the cyclooxygetiase pathway,
which can lead via the lipoxygenase pathway to the
formation of large amounts of leukotrienes (18, 22).
However, PAF biosynthesis is independent of the
cyclooxygenase (4), so this result suggests that the
release of PAF acether upon aspirin HSA challenge
is mediated by different mechanisms that still need
to be elucidated.

At this stage, it is not yet possible to relate the
release of PAF acether upon antigenic challenge in
vitro with a precise mechanism. However, there is no
universal test that can establish with certainty the
diagnosis of allergy or pseudo-allergy to drugs. Thus,
it is usually necessary to use several tests to confirm
or exclude the involvetnent of a drug in an adverse
reaction. The patients in which PAF acether release
was observed in vitro exhibited immediate type as
well as semi-delayed or delayed type allergic reac-
tions. PART could be used as a new tool for the
investigation of allergic diseases and, more particu-
larly, for the investigation of drug allergy. The pro-
cedure is easy and fast. Because PAF acether is
neoformed, PART is also highly specific and could
be used as a new in vitro "effector" test.

Further experiments are needed to establish more
precisely the immunopathological mechanisms in-
volved in the actual release of PAF acether.

Acknowledgments
We arc grateful to Doctor .1. Moriey (Sandoz, Basel, Switzerland)
who kindly provided the PAF inhibitor SRI 63-441. We thank the
Haemostasis Unit of the Cantonal Hospital of Geneva for lending
an aggregomcter and Mrs Mermillod of the Informatic Depart-
ment of Cantonal Hospital of Geneva for statistical advice.

References
1. BABAJEWS A V , IvANYl L. The relationship between //; vivo

and ill vitro reactivity of patients with a history of allergy to
local anaesthetics. Br Dent J 1982: 152: 385-7.

2. BASRAN G S , PAGE C P , PAUL W , MORLEY .1. Platelet
activating factor - a possible mediator' of dual response to
allergen? Clin Allergy 1984: 114: 74-9.

3. BENVENISTE J, HENSON PM, COCHRANE C G . Leucocyte
dependent iiistaniinc release from rabbit platelet: the role of
IgE, basophils and a platelet aetivating factor. J Hxp Med
1972: 136: 1356-77.

4. BRAQUET P, TOUQUI L, SHEN T Y , VARGAFTIG BB. Pei-

speetives in platelet activating factor research. Pharmacol Rev
1987: 39: 97-145.

5. BRAQUET P , ROLA-PLESZCZYNSKI M . Platelet activating
factor and cellular immtme responses. Immunol Today 1987:
8: 345-52.

6. CAMUSSI G, M E N C I A H U E R T A J M , BENVENISTE J. Release
of platelet activating factor and histamine. 1. Effect of im-
mune complexes, complement and neutrophils on human and
rabbit mastoeytes and basophils. Immunology 1977: 33: 523-
34.

7. CAZENAVE JP, HEMMEND\GER S, BERETZ A, SUTTBR-
BAY A, EAUNAY .1. E'aggregation plaquettaire: outil
d'investigation clinique et d'etude pharmacoiogique. Method-
ologie. Ann Biol Clin 1983: 41: 167-79.

8. CHIGNARD M , EE COUEDIC JP, TENCE M , VARGAFTIG
BB, BENVENISTE .1. The role of platelet aetivating factor in
platelet aggregation. Nature 1979: 279: 799-800.

9. CuEVAS M, GlRARD JP. DiagnosUc el pvevcnVion des aWev-
gies medieamenteuses aux penicillines. Med Hyg 1978: 36:
2538-52.

10. D E HAAN 1'. KALSBEEK G E . Induction of benzylpenicilloyi
specific antibodies, including IgE, by long-term administra-
tion of benzylpenicillin. Clin Allergy 1983: 13: 563-9.

11. DE WECK A E . Immunopathology and clinical aspects of
drug allergy. In D E WECK AE, BUNDGAARD H (eds); Al-
lergic reactions to drugs. Handbook of experimental pharma-
cology. Vol. 63. 1983: 75-133, 1983.

12. GlRARD .IP, ROSE N R , KUNZ ME, KOBAYASHI S. ARBES-
MAN CA. In vitro lymphocyte transformation in atopic pa-
tients: induced by antigens. .1 Allergy 1967: 39: 65-81.

13. GlRARD JP, ZAWODNIK S. Diagnostie procedures in drug
allergy. In DE WECK AE, BUNGAARD H (eds): Allergic re-
action.s to drugs. Handbook of experimental pharmacology.
Vol. 63. 1983: 207-40.

14. HANDLEY D A , TOMESCH .IC, SAUNDERS RN. Inhibition of
PAF induced systemic responses in the rat, guinea pig, dog
and primate by the receptor antagonist SRI 63-441. Thromb
Haemost 1986: 56: 40-4.

15. EEHNER T . Eignocaine hypersensitivity. Eancet 1971: i:
1245-6 .

16. MENCIA-HUERTA JM, EIOSFORD D , BRAQUET P. Acute
and long term pulmonary etlects of platelet activating I actor.
Clin Hxp Allergy 1989: 19: 125-42.

17. MORLEY J, SANJAR S, PAGE CP. The platelets in asthma.
Eancot 1984: ii: 1142-4.

18. PATTERSON R, ANDERSON J. Reactions allcrgiques aux medi-
caments ct aux produits biologiques. JAMA 1983: 72: 115-
26.

19. PEREZ T , DAYER E, GIRARD JP. Reactions allergiques aux
medicaments: correlation entre ic score d'iniputabilite clin-
ique d'un medicament et sa eapaeite a induire unc prolifera-
tion cellulaire in vitro. Med Hyg 1989: 47: 1989-92.

20. PiNCKARD RN, MCMANUS E M , HANALIAN DS. Chemis-
try and biology of acctyl glyeeryl ethev phosphory\cho\ine
(platelet activating factor). Adv Inflam Res 1982: 4: 147-80.

21. STEJSKAL D M , OLIN R G , FORSBECK M. The lymphocyte
transformation test for diagnosis of drug induced occupa-
tional allergy. J Allergy Clin [mmunol 1986: 77: 411.

22. SZMIDT M, G R Z E L E W S K A - R Z Y M O W S K A I, KOWALSKl ME,

RQZNIECKI J. Tolerance to the acctylsalicylic acid (ASA)
induecd in ASA-sensitivc asthmatics does not depend on
initial adverse reaction. Allergy 1987: 42: 182-5.

23. TENCE M , POLONSKY J, EE CQUEDIC JP, BENVENISTE J.
Release, purification and characterization of platelet activat-
ing factor (PAF). Biochimie 1980: 62: 251-9.

24. TQWNLEY RG, MQPP RJ, AGRAWAL D K , BEWTRA A.
Platelet activating factor and airway reactivity. J Allergy Clin
Immunol 1989: 83: 997-1010.

54




