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Anaphylactic Microshock in the Screening of Some Theophyllines and
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The prevention of Herxheimer’s anaphylactic microshock has been used as o sereen for antinsthimatic aetivity

in n series of 7-substituted theophvlline derivatives.

which were equal in activity to aminophylline.

A number of soluble, neutral derivatives were found
One of these, 7-(3-hydrxypropyl)-thenphylline, showed true

synergism with two isomerie benzylphenoxyaminonlkanes which were in themselves antinsthmatic by the same

test.

Over the last ten years a large number of theopliylline
derivatives and aralkyvlamines of diverse structure
have been prepared in our laboratories. They have been
subjected to plharmacological characterization using
generally accepted technigues involving both isolated
organ and whole animal preparations. In order to
characterize the compounds with respect to their anti-
asthmatic potency, it was cousidered desirable to sup-
plemeut the values obtained from the use of the isolated
guinea pig ileum stimulated with histamine, and from
the histamine-aérosol provoked syndrome of brouchial
constriction in the guinea pig, with results obtained
from an experimental technique more closely resem-
bling the pathophysiological conditions in elinical
asthma.

The carly observation of Busson and Ogata! that a
condition resembling aun asthmatic attack 1 man is
caused i the sensitized guinea pig by prolonged inhala-
tion of antigen, has beecu extended by Alexander, Becke
and Holmes.* Mauteufel and Preuner,® and most re-
cently by Herxlieimer,*® who developed a techuique
for produetion of repeated microshocks of predeter-
mined severity useful for assessing prophylactic anti-
asthmatic effects. T'riebel and Basold,® on the other
hand, developed a sustained microshock method for the
measurement of curative autiasthmatie effect. The
similarity of these types of microshock to the human
asthmatic attack has beent poiuted out by Kallos and
Pagel®

The present commuiication reports on the anti-
astlimatic activities of nineteen theophyllines substi-
tuted at position 7 with hyvdroxyalkyl-, haloalkyl-, or
aminoalkyl groups. The results are expressed in
terms of ability to preweni or alleviate Herxheimer’s
microshock. It was fouud that by combining one of
the active members, 7-(3-hydroxypropyl)-theophiylline,
with antiastlimatic compounds representing a different
chemical class a prophylactic effect can be obtaiued,
which is much greater thai that obtained with either of
the two components separately. The two active agents
alone and in combination were further tested for ability
to prevent or relieve an already existing asthmatic
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attack according to the method of I'riebel using amino-
phylliite as a standard.

Chemistry.—The structures, melting points and
analytical data of the theophylline derivatives not re-
ported in the literature are shown in Table I. Diree-
tions for the preparation of these compounds are given
i the Experimental section.

These theophylline derivatives were prepared esscutiaily ne-
cording to the literature: 7-(3-hydroxypropyl)-theophyline
(IV),"  7-(4-hydroxybutyl)-theophylline (V3%  7-(2-dicthyvi-
aminoethyl)-theophylline (VII),* 7-(2-Jimethylaminopropyti-
theophylline hydrochloride (IX),? 7-(2-dinethylaminoethiyl)-
theophylline hydrochloride (XV ), 7~(2-aminoethyli-theophyvl-
line hydrochloride (XVIII)* 7-(2-hydroxypropyl)-theophyliiine
(XX),* 7-(2,3-dihydroxypropyD-theophylline (XXTW* el 7-
theophyllineacetic acid monohydrate (XNII1.%  T'wo antiliista-
niinic drugs, N,N-dimetliv]l-2-{ a-phenyl-o-toloxy -propylamine
hydrochloride (I} and  2-(v-benzyvlphenvxy 1-N,N-dinethyliso-
propylamine hydrochloride (II) alsv were prepared.® I is o
mixture of about equal parts of T and IT as vhtained by following
example 24 of the reference. v

Experimental

g~Dimethylaminoethyl 7-theophyllinylethyl Ether Hydro-
chloride (VI). Method A.—7-(2-Hydroxyethyl)-theophylline
(60 g.) was added to a solution of sodium ethoxide (from 6.1 g
of sodium and 400 ml. of ethanol). The solution was evaporated
to dryness, and a svlution of dimethylaminoethyl ¢hitoride (34.5 ¢,
in toluene (290 ml.) was added. The mixture was hented under
reflux for 6 hr. with stirring and the sodium chloride was rammved
by filtration. The toluene was distitled off and thie residue dis-
solved in 3 N hydrochloric acid.  After evaporation tlie residuc
was crystallized twice from ethanol.
7-(3-Dimethylaminopropyl)-theophylline Hydrochloride ‘ XiI:.
Method B.—A miixture of sodium theophyllinate (20 g5 nnd -
dimethylaminopropyl chloride (14.5 g.) in toluene (10} ml.h wax
heated under reflux for 6 hr. The mixture was worked up asale-
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TaBLE I

THEOPHYLLINE DERIVATIVES

Com- M.p.,

pound R Method® °C.

VI (CH):0(CH,):N(CHyg), -HCIl A 223-225
VIII CH.CH:N *(C2Esjs- Br - D 195-198
X CH,CH(CI)N +(CHy)s I~ D 223-226
XI CECE(CH) N *(CHgy)o(C2Hs) - Br = D 192-195
XII (CH2)aN(CHs): - HCI B 271-272
X111 (CH,)sN *(CHg)s I~ D 238-239
XI1v (CHz2)sN *(CHa)2(C2Hy) -Br - D 195-197
XVI CH:CH:N *(CHg)s I~ D 264-2635
XVII CH:CE:N *(CE3):(C:Hs) - Br- D 220-221
XIX CH:CHCICH:C1-0.25C;H;OH C 112-114

@ See Experimental section.

TasLE II

PROTECTIVE ANTI-ASTHMATIC EFFECTS OF A SERIES OF
THEOPHYLLINE DERIVATIVES

Effect,
Test Dose, Effect, % of
compound mg./ke. Animals min. standard
v 20 6 3.2 89
v 30 10 3.7 97
VI 20 7 0 0
VII 20 8 0.8 21
VIII 20 7 1.1 44
IX 20 6 1.7 106
X 30 6 0.1 2
XI 30 7 0 0
XII 30 7 1.5 65
XIII 30 7 1.7 33
XIV 30 6 1.4 32
XV 40 11 1.6 30
XVI 40 13 0.3 11
XVII 40 10 1.3 33
XVIII® 30 22 1.3 25
XIXe 30 23 1.7 44
XX 40 11 1.0 15
XX1 40 8 1.0 15
XXII 40 8 1.4 21
@ Combined results from two tests.
Tasre III
ProrECTIVE EFFECT OF SUBSTITUTED THEOPHYLLINES
Dose Effect Effect,
Test in in 9 of
compound Expts. mg./kg. Animals min, standard
v 3 40 31 2.9 78
Aminophylline 3 40 30 3.7 100
\% 3 30 30 3.3 82
Aminophylline ; 30 30 4.0 100
X 2 30 28 3.3 103
Aminophylline 2 30 23 3.2 100
XII 3 30 27 2.4 44
Aminophylline 3 30 22 5.5 100

seribed above for the preparation of VL.
crystallized twice from methanol-ether.

7-(2,3-Dichloropropyl)-theophylline (XIX). Method C.—
A mixture of 7-(2,3-dihydroxypropyl)-theophylline (XXI)® (200
g.) and thionyl chloride (224 ml.) was heated under reflux for 4
hr. and then left standing for 16 hr. at room temperature. Ethanol
(1 1.) was added slowly and the mixture refluxed for 4 hr. The
ethanol solution was conce ntrated under vacuum and the precipi-
tate (141 g.) was removed by filtration and crystallized twice
from ethanol.

The crude product was

Method D.—The quaternary compounds 7-(2-diethylamino~
ethyl)-theophylline ethobromide (VIII), 7-(2-dimethylamino-

ANAPHYLACTIC MICROSHOCK AS TEST IN ANTIASTHMATIC ACTIVITY

? All melting points are uncorrected.
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Recryst. Yield, ———Analysis——
solvent A Formula Caled. Found
EtOH 29 Ci3H22CINO3 Cl, 11.8 11.1
EtOH-ether 36 CisHesBrN3Oq Br, 20.6 20.4
MeOH 43 CisHa:INsO2 I, 31.2 30.5
EtOH 31 CuHzuBrN:O: Br, 21.4 21.1
MeOH-ether 46 C1H30CIN:O; Cl, 11.8 11.9
MeOH 60 Ci3H2:IN50: 1, 31.2 30.7
EtOH-ether 72 C1HuBrNsO: Br, 21.4 21.3
EtOH-H.0 88 Ci12HzoIN502 N, 32.3 32.3
MeOH-ether 59 C13H2:BrNsO2 Br, 22.2 21.9
EtOH 37 CioH12C1eN30:-0.25CH,OH N, 23.4 23.5
TaBLE IV
ProTECTIVE EFFECT OF THE ANTIHISTAMINIC COMPOUNDS I,
IT anp ITI®
Effeet Effect
Test Dose, in in 9% of
Expt. colapound mg./kg. Animals min. standard
1 III 10 10 3.1 37
Aminophylline 30 8 8.4 100
2 II1 20 7 10.1 125
Aminophylline 30 6 8.1 100
3 I 15 10 3.1 100
II 15 10 6.4 206
4 I 15 10 2.6 100
II 15 10 6.7 258
5 I 15 10 3.3 100
II 15 10 5.2 158

¢ In experiments 3-5 the relative activities of I and II were
compared, the activity of compound I being set at 100.

TaBLe V
Sy~ERGisTIc PROTECTIVE ErrEcT oF Compounps IT anp IV®

Effect

Effect in %

Test Dose in in of the
Expt. compound mg./kg. Animals min, standard

1 v 15 20 0.7 23

2 II 2.5 20 0.3 14

3 v 15 20 4.9 140

+11I 2.5

% In each experiment, a group of 20 guinea pigs was injected
with 30 mg./kg. of the standard aminophylline, and served as
positive control group.

TaBLE VI
SYNERGISTIC CUurRATIVE ErrFecT oF CoMmpouxps II anp IVe

Animals without Animals greatly

Test —-8ymptoms-— relieved

compound Animals  Number % Number %
Saline (controls) 17 0 0 3 18
Aminophylline 22 17 < 5 23
v 22 2 9 13 59
11 20 6 30 12 60
IV + 11 20 18 90 2 10

% g.c. dosage: aminophylline = 48 mg./kg., IV = 48 mg./kg.,
II = 5 mg./kg.

propyl)-theophylline methiodide (X), 7-(2-dimethylaminopro-
pyl)-theophylline ethobromide (XI), 7-(3-dimethylaminopro-
pyl)-theophylline methiodide (XIII), 7-(3-dimethylaminopropyl)-
theophylline ethobromide (XIV), 7-(2-dimethylaminoethyl)-
theophylline methiodide (XVI) and 7-(2-dimethylaminoethyl)-
theophylline ethobromide (XVII) were prepared by conventional
procedures involving reaction in ethanol of the appropriate terti-


CHiCHC1CHsC1-0.25CiH.OH
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ary amines with ethyl bromide or methyl indide, respectivly, at
100° in an autaclave (VITI, XIV and XVII), at reflux tempera-
ture (N, XTI, and XTIII) or at moni temperature (X V1) for several
hir.

Pharmacology. Method and Materials.—Herxheimer's? tech-
nigue was used with thesc modificativns:  Dilutions of native
eggwhite, 1:40-1:200, were used as aerosol fluid instead of solu-
tions of crystalline egg albwunin,  The vohune of the exposure
cliamber was 15 instead of 55 1. The calculation of results was
done as follows: the protective effect was measured as prolouga-
tion of preconvulsion time and expressed as effect in min., 7.e.,
ns the difference between preconvulsion times of the treated nand
the control animals.  The effeet in min. of the test cnnpound
then was compared to that of the standard and expressed as per
cent, of the standard. Comparisons always were made relative to
the standard on each day of testing.

Test Compounds,-—Aminophylline Leo, ampoules, containing
24 mg./ml. (corresponding to 18 mg./ml. of theophylline) was
used as standard drug. Nineteen theophylline derivatives were
tested.  TFurther, the three antihistuminics I, IT and III were
investigated alone and vne of these (I1) in combination with
theophylline derivative IV. Test compounds were dissolved in
0.9V saline.  All injectivus were niude 1.p. 20 min. privr to the
CXPUSUTes.

Results and Discussion

I o first run, a single test was applied to a series of
theopliylline derivatives.  The results obtained are
preseuted i1 Table TI.  Those substances which showed
promising protective effect were submitted to further
tests (Table I11). Two to thiree tests each were per-
formed with compounds IV, V, [X, and XII. Except-
ing XITI these substances had a protective effect roughly
comparable to that of aminophylline. Substance 1V
was chosen for preliminary clinical trials because of a
favorable ratio of effect to toxieity and proved promis-
ing i these experiments. It was studied for a possible
synergistic effect with compounds representing struc-
tures related to antiliistaminic drugs.

The antilistaminic IIT, representing a mixture of
the two isomers I aud 11 | had roughly twice the activity
of aminophylline (Table IV)., When the protective
activities of isomers I and II were compared with each
other in three experiments, II had about twice the
activity of I and was therefore chosen for further trials.

In a final series, near-threshold doses of II and IV
were tested alone and iu combiuation for the detection
of possible synergistie action. The results i1 Table V
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denoustrate that a synergism ix obtained, when hoth
substances are given simultaneously at near-threshold
dosex.  The protective effect increased from 14 and
230, respectively, for the single substances to 140 97 for
the combination.  The synergistie effect of compounds
IT and TV also has been verified with the sustained
niicroshock niethod of Friebel and Basold® (Table V1),
With this method, where curative effect is measured,
the percetttage of animals cured, 7.¢., without symptomns,
was & with 48 mg. kg, of IV, and 30 with 5 mg. 'kg. of
II.  When both compounds were given simultanconsly
at the sane dosage, 90%, of the animals were cured.

The Herxlieimer method iz designed to measive a
protective or preventive antiasthmatic effect.  Herx-
lieimer has pointed out that the precision of his method
is limited by the fact that some animals may react dif-
ferently on successive occasions and that the eund point
is diffieult to assess at long preconvulsion times. The
suitability of the method however for serecning pur-
poscs is demounstrated by the fairly constant protective
effect obtained with the same compounds i successive
trials. as can be seett by comparing results in Tables 11
and ITE The nnusually high protective effeet of com-
pound IV at ndose of 20 mg. 'kg. (Table ) as compared
to later tests with higher doses may he attributed to
the relatively small number of annunals used 1 the first
test.

No systematic influence of the chemical structure or
the size of the substituent in position 7 on antiasth-
matic activity could be found among 19 theophylline
derivatives. Development of maximum activity is thus
independent of the length of the substituent chain as
well as of the appearauce of & tertiary amine or a quater-
nary ammonium function.

Water solubility did not influence potency. Among
two soluble  compounds,  7-(2-hydroxypropyl-theo-
phylline (XX) attained satisfactory bload concentra-
tiong bhut was quite ineffective both in experimental
asthima and i1 clinical trials, whereas 7-(3-hydroxy-
propvlj-theophylline (IV), which is less soluble than
XX, was effective hoth in experimental asthma and in
clinical trials.>
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