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Fig. 4. Two groups of rats inoculated with tumour suspended in
PGA and PGE solutions within 24 h of birth. Normal tumour
growth 3 weeks after inoculation. No difference in size between the
PGA and the PGE group.

Specialia

959

beginning on the 6th day®8 The second phase is the
effector phase8. Sufficient PG must be available at the
graft site to promote the diapedesis and migration of
monocytesin both phases and at the same time, to counter-
balance the PG antagonist secreted by tumour.

The above considerations obviously also hold true for
the injection of PG into established i.e. 6-day or older
tumour. Administration of PG would induce the initial
phase on the 6th-7th day and the second effector phase on
the 13th-14th day. By that time the tumour would have
attained a diameter of at least 20 mm. The amounts of
PG required to induce an effective mononuclear infiltra-
tion into tumour of that size, would have to be very large.
Large amounts are likely to be poorly tolerated 5.

From these observations it appears that the PGs,
particularly PG A2, are capable of inhibiting the implanta-
tion of tumour cells. They are not indicated as a treatment
of established tumour.

Zusammenfassung. Allergische Reaktionen werden un-
ter anderem durch Prostaglandin erzeugt. Krebsgewebe
produzieren eine prostaglandinhemmende Substanz, und
es wird nachgewiesen, dass grosse Dosen von Prosta-
glandin diese Substanz neutralisieren und eine aller-
gische Reaktion um die Krebszellen hervorrufen, wodurch
die Implantation der Tumorzellen verhindert wird.
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Niflumic Acid, Prototype of a Multiaction Antithrombotic Agent!

Antiaggregating agents, anticoagulants, and fibrinolytic
enzymes each possess only one single antithrombotic
property, thus interfering with just one phase of the
intravascular clotting process. In this communication the
interesting combination in principle of antithrombotic
properties, of the antirheumatic drug, Niflumic acid
(3-fluoromethyl-3-phenylamino-2-nicotinic acid)? is re-
ported.

Methods. Enhancement of fibrinolytic activity induced
by streptokinase and urokinase by Niflumic acid (Sieg-
fried, Zofingen/Switzerland) was measured with the
rotating standard clot® This cylinder-shaped clot can be
lysed on one end only, thus imitating a small human
vessel which is completely occluded by a thrombus. The
rate of its dissolution is read in microliters. The fibrinolytic
activity exerted by Niflumic acid was assessed by
determining the lowest molarity inducing fibrinolytic
dissolution of a human hanging plasma clot* after 24 h
incubation. Clots were suspended either in buffered
saline pH 7.4 (BS) or human plasma which was hepa-
rinized (1 unit/ml) in order to prevent clotting caused by
the thrombin released from the dissolving clot. Only

plasma which dissolved within 12 h when clotted in
presence of 7.5 units streptokinase was used. With the
use of N,H,, the hanging clots were preincubated in BS
containing 2.5 mM N,H, for 3 h before Niflumic acid
was added, and the mixture was then incubated for 24 h.
The fibrin plates were made from a 2.5%, solution of
commercial human fibrinogen in BS. The fibrinolytic
activity induced in rats by Niflumic acid was assessed with
the micro-euglobulin lysis time$, its effect on collagen-
induced aggregation of platelets in plasma with the Dual
Sample Aggregometer®, and its inhibition of fibrinogen-

1 This study was supported by grant-in-aid No. HL 9985 National
Heart and Lung Institute USPHS, Bethesda, USA.

2 Gazette Médicale de France, Suppl. Thérap. to Nr. 10, March 10
(1972), abstracts.

3 K.N. voN Kavrra, Thromb. Diath. haemorrh. 5, 489 {1961).

4 K.N, von KauLra, J. med. Chem. 8, 164 (1965).

5 S, WasanTtaAPRUEK and K.N, von Kaurra, Thromb. Diath,
haemorrh. 75, 284 (1966).

6 J. GErLorF and K.N. von Kavurra, Thromb. Diath. haemorrh.
27, 292 (1972).
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Table I. Enhancement by Niflumic acid of the fibrinolytic activity of streptokinase and urokinase.

Clot dissolved () Enhancement (%)
Niflumic acid (3 mM alone) 0 —
Streptokinase (5 U/ml alone) 14 —
Streptokinase 4+ Niflumic acid (3 mM) 46 328
Urokinase (10 CTA U/ml alone) 12 —
Urokinase -+ Niflumic acid (3 mM) 60 500

Rotating standard clot method3. Readings after 24 h incubation at 37°C.

induced aggregation of human erythrocytes by a sedimen-
tation technique?.

Results. The fibrinolytic activity of streptokinase and
of urokinase is markedly enhanced as measured with
rotating standard clot by a concentration of Niflumic
acid which does not alone induce fibrinolysis. This is
shown in Table L.
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Fig. 1. Induction of fibrinolytic activity (shortening of the euglobulin
lysis time) in a rat by the i.v. injection of 10 mg/kg Niflumic acid.
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Fig. 2. Collagen-induced aggregation of human platelets in plasma.
Antiaggregating effect of various concentrations (in mM) of Niflumic
acid. Dual sample aggregometer®. The first arrow (4 ) indicates
collagen addition to control cuvets, The second arrow (1) indicates
collagen addition to test cuvets containing various concentrations of
Niflumic acid. Note the progressive inhibition of aggregation with
increasing concentration of Niflumic acid.

Niflumic acid alone in BS induced lysis of hanging
plasma clots at 8 mM, and in presence of 2.5 mM hydra-
zine at 4 mM. N,H, by itself does not induce fibrinolytic
activity. Nifiumic acid, in combination with N,H,, is in
vitro much more powerful in dissolving preformed human
plasma clots than streptokinase or urokinase are, as
indicated by Table II. Preformed human plasma clots
were suspended in 2.5 ml of samples of human plasma
containing either urokinase, streptokinase, or the Ni-
flumic acid-N,H, combination. The hanging clot lysis
was recorded after 24 h incubation. Also, after 6 h
incubation, 0.03 ml of each plasma sample were applied to
human fibrin plates which were read 18 h later. The
plasma with streptokinase and urokinase exerted stronger
fibrinolytic activity on the fibrin plates than did the
plasma with Niflumic acid plus N,H,, but did not dissolve
the performed hanging plasma clots. In contrast, the
plasma containing Niflumic acid plus N,H, lysed the
preformed hanging plasma clot completely.

Niflumic. acid also shortens the euglobulin lysis time
after i.v. injection of 10 mg/kg into rats as shown in
Figure 1: 5 min. after injection there is a marked shorten-
ing of the euglobulin in lysis time followed by a temporary
rebound effect observed in all animals. The rebound
effect can be eliminated by pretreatment with N,H,, a
phenomenon under study. Although this fibrinolytic
activity in vivo is short-lived, similar to that induced by
i.v. adrenalin or nicotinic acid, it reveals that fibrinolytic
activity is generated by Niflumic acid in vivo as well as in
vitro.

Collagen-induced aggregation of human thrombocytes
in plasma is reduced or prevented by Niflumic acid as
shown in Figure 2. Furthermore, Niflumic acid prevents
fibrinogen-induced aggregation of human erythrocytes, as
demonstrated by the following representative data:
Erythrocyte sedimentation after 2 h (control): 4 mm,
Ery + fibrinogen; 38 mm, Ery -+ fibrinogen + Niflumic
acid, 0.01 mAM ; 40 mm, 0.05 mM; 8 mm, 0.1 mM; 2 mm.

Discussion: Many bulky non-symmetric organic anions
induce fibrinolytic activity when added to human plasma
in vitro® by reducing .antiplasmin® and antiactivator-
activity 19, endowing a protein fraction with plasminogen
activator activity!!, and also inhibit to various degrees
collagen-induced aggregation of human plateletsi2,

7 K.N. von KauLrLa, Arzneimittelforsch., in press.

8 K.N. von KavLLra, in Chemical Control of Fibrinolysis-Thrombo-
lysis. Theory and Clinical Applications (Ed. J.M. Scaor; Wiley-
Interscience, New York 1970, p. 1.

9 K.N. vox Kavurra, Thromb. Diath. haemorrh. 9, 299 (1963).

10 N. Aokt and K.N. Kavrra, Thromb. Diath. haemorrh. 22, 261
(1969).

11 M. Tomikawa and Y. ABiko, Thromb. Diath. haemorrh. 29, 50
(1973).

12 D, Tuiro and K.N. vox Kauvrra, J. med. Chem. 73, 503 (1970).
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Table II. Praformz=d plasma clot dissolving varsus fibrinslytic activity. In:ffiziency of streptokinase and urokinase as compared to Niflumic

acid plus N,H,

Hanging clot in plasma containing

Lysis of hanging plasma clot

Fibrin plate Lysis area mm?

Streptokinase (100 U/ml) none
Urokinase (250 CTA Ufml) none
12 mM Niflamic acid + 2.5 mM N,H, complete

156
280
139

For readings, see text.

Small concentrations of N,H, enhance the fibrinolytic
activity induced by synthetic compounds, in part by a
further reduction of antiplasmin activity®. There are
2 types of synthetic compound-induced fibrinolytic
activities: in vitro or ‘chemically’ induced® and in vivo or
‘pharmacologically’ induced*. The vasoactive drug,
nicotinic acid, is an example of this ‘pharmacological’
type of compounds which is inactive in vitro. Niflumic
acid, a trifluoro-methylphenyl amino derivative of
nicotinic acid as shown in this communication, induces
fibrinolytic activity by both the ‘chemical’l® and the
‘pharmacological’ pathway, thus demonstrating the
possibility to design drugs inducing fibrinolysis by both
mechanisms. Niflumic acid enhances the fibrinolytic
activity of both streptokinase and urokinase. It is also of
interest that fibrinolytically inactive concentrations of a
congener of Niflumic acid, flufenamic acid, enhance very
markedly in vitro the endogenous fibrinolytic activity of
pig plasma, when fibrinolytic activity is generated in vivo
by aliver bypass . Furthermore, as shown with the model
of hanging clot in plasma, Niflumic acid is a much more
effective agent for dissolving preformed clots than
streptokinase or urokinase. This difference appears to be
due to the small molecular size of Niflumic acid, as
compared to the large size of streptokinase and urokinase.
This enables it to diffuse quickly into the clot, thus
inducing fibrinolytic activity from within?. The fact that
Niflumic acid possesses, in addition to fibrinolytic
properties mentioned above, the ability to prevent

platelet and also erythrocyte aggregation which play a
role in thrombus formation®, makes it an attractive
prototype to be used as a stepping stone for the develop-
ment of optimal multiaction antithrombotic agents.

Zusammenfassung. Niflumsdure, Prototyp eines mehr-
fach wirkenden antithrombotischen Medikamentes, in-
duziert Fibrinolyse in vitro und in vivo, hemmt Erythro-
zyten- und Thrombozytenaggregation und induziert eine
stdrkere Fibrinolyse vorgebildeter Gerinnsel als Strepto-
und Urokinase.
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Possible Cellular Localization of Cholecystokinin-Pancreozymin

A number of electron-microscopic studies were carried
out on the duodenal mucosa, and a total of 7 types of
endocrine cells have been identified. According to the
latest classification?!, the cell types in question are the
EC, S, EG, I, D, D, and G types. However, the hormonal
product is known only with some of these types of en-
docrine cells. The enterochromaffin (EC) cells product is
the 5-hydroxytryptamine?, the G type cells product is the
gastrin®-%, the S type cells product is the secretin®.?, the
EG type cells produce the enteroglucagon® and the D,
type cells produce the gastric inhibitory polypeptide®. In
all the cell types enumerated, with the exception of the
EC cells, the presence of the hormone in the cell was
proved by means of specific antisera, via immunofluo-
rescence.

The hormonal product of the rest of the cells (the D
type cells and the I type cells) is not known. Theoretically
probable are, beside other substances, first of all the
motilin1® and the cholecystokinin-pancreozymin (CCK-
PZ)1, it was on the duodenal mucosa that the 2 substances
have been reliably determined by biochemical analysis.
Application of antisera to identify the CCK-PZ in the

cells carries with it a danger of non-specific reactions, as is
indicated in works of VANNoRDEN and Prearsrl?, who
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