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were injured and embolization in both lasted for about the
same periods of time. In the course of the experiments an
interesting difference in the duration of embolization was
observed depending on whether the rats were anaesthetized
with sodium pentobarbital or ether instead of with
urethane. The experiments which showed this difference
were as follows:

Male and female albino rats of the Wistar strain,
weighing 190-250 g, were anaesthetized and the skull and
dura carefully removed from one cortex to expose an area
measuring about 15 x 7 mm. This area was kept moist
by a gentle flow of warmed physiological saline and the
temperature of the cortical surface was maintained ab
about 30° C. The exposed vessels were observed under a
Zeiss model I dissecting stereomicroscope at a magnifica-
tion of 42 times. A vein, about 100y in diameter, was
injured by pinching it with fine ophthalmic forceps so that
it bled for 10-40sec (under ether anaesthesia the bleeding
usually went on for 90 sec or even longer). White bodies
began to form after 2-5 min and the time from the emboli-
zation of the first white body to that of the last was
recorded. Several veins in each rat were injured and timed
in this manner and the longest period of embolization was
used for statistical comparisons.

Table 1 shows that injured cortical vessels produced
embolizing white bodies for significantly longer periods of
time under urethane anaesthesia than under anaesthesia
with either sodium pentobarbital or ether. It seems,
therefore, that urethane in anwsthetic concentrations
greatly prolongs the production of platelet thrombi in
injured vessels.

Table 1
Duration of embolization (min)
Anaesthetic No.ofrats Range Mean EM. P
Sodium pento-
barbital 11 4-61 1894 5797 0-001
Urethane 10 47-240+ 1067 % 19-64
Tther 8 4435  264% 491 £0001

This observation is presumably related to the irritant
and cytotoxic properties of urethane. Urethane has been
used as a sclerosing agent in the treatment of varicose
veins®-1° and as a cytotoxic agent in the treatment of
leukaemia and other malignancies!!-18. Urethane increases
capillary permeability!?-18, and it causes severe damage to
portal veins and sinusoidal capillaries in rats'®. These
experiments suggest that urethane, in anaesthetic concen-
trations, somehow irritates vascular endothelium suffi-
ciently to prolong the effects of mechanical trauma as
indicated by the intravascular adhesion and aggregation
of platelets.
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Antitumour Activity of
N-(8,8’-dichlorodiethylaminomethyl)-tetra-
cycline, ‘Tetracycline-mustard’

LoocarizatioNn of tetracycline in tumour tissue has
been reported with both human and animal neoplasms?.
Though the tetracycline class antibiotics have no anti-
tumour effect by themselves, the possibility of using
them as carriers of more potent agents seermed worthy of
investigation. As a model system a nitrogen mustard
(HN?2) derivative was considered most practical because
of simplicity of structure, availability of starting materials
and general knowledge concerning the antitumour
activity of mustard type alkylating agents.

Preparation of N -(8,8’-dichlorodiethylaminomethyl)-
tetracycline was carried out according to the carboxamido-
Einhorn derivative method of Gottstein, Minor and
Cheney?. Fifty g of tetracycline base, 20-6 g of 8,p'-di-
chlorodiethylamine hydrochloride {(nor HN2), and 7 g of
formaldehyde (14 ml. of 55 per cent methylformeel) were
dissolved in 250 ml. of methanol. This solution was held
at 22° C for 1'5 h and then added with rapid stirring to
3 1. of ethyl ether. The resulting precipitate was removed
by filtration, washed with 300 ml. of ethyl ether and dried
at 50° C in vacuo for 24 h. Fifty-five g of tetracycline-
mustard Einhorn derivative (TCM) were obtained. This
amorphous material was tested without further treatment
since extensive hydrolysis was noted with various crystal-
lization techniques. Analytical data for TCM as N-
(B,3’-dichlorodiethylaminomethyl) - tetracycline ~ were :
theory—(for C,,H33,N3;04Cl,) per cent chlorine, 11:85; per
cent nitrogen, 7-02; antibacterial assay potency, 760
tetracycline units/mg; found—per cent chlorine, 11-6;
per cent nitrogen, 6-3; assay potency 730 tetracycline
units/mg. On the assumption of an Einhorn reaction a
tentative structure is proposed here.

_CH,CH,CL
“SCH.CH,CL

(1) N-(B,p’-dichlorodiethylaminomethyl)-tetracycline.
(2) Epithets: tetracycline mustard, TCM.

Tetracycline mustard was tested under the auspices of
the Cancer Chemotherapy National Service Center at
Hazleton Laboratories against the ¢n vive mouse tumours
sarcoma 180 (S-180), adenocarcinoma 755 (Ca755) and
leuksemia 1210 (L-1210). Inhibition of Ca755 was ob-
served at doses of 80 and 60 mg/kg/day (intraperitoneal
injections) whereas S-180 was not reproducibly inhibited.
Significant prolongation of survival time of mice with
L-1210 was noted over a dose range of 80-5 mg/kg/day.
Tests against the same tumour types at Bristol Labora-
tories confirmed these results in every respect. Therapy
of mice with L-1210 caused a significant increase in
median survival-time over controls (25 per cent or greater)
at doses ranging from 80 to 3 mg/kg/day (Fig. 1). These
experiments used L-1210 carried in the ascitic form., TCM
was not effective against solid trocar implants of L-1210
nor was it effective against ascitic L-1210 if the drug was
administered orally at doses up to 180 mg/kg/day. As a
control procedure the possibility of carry-over of, or
breakdown to, starting reactants was checked biologically.
None of the starting materials or formaldehyde reaction
products of norHN2 or tetracycline had anti-L-1210
activity at doses within the stoichiometrically equivalent
range of effective TCM doses (Table 1). For comparative
purposes B,8’-dichlorodiethyl-N-methylamine (HN2) was
tested against L-1210 and found effective at doses of
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Table 1. EvrreT of TCM STARTING MATERIATS OF LEUKEMIA 1210
Theoretically Response test/control X
Freparations Dose equiv, TOM Modian survival Effset Snrvivors
(mg/kg/day) dose time (days) (%) (day &)
Tetracyeline HCL 176-0 200:0 8-00/7-00 114 8/6
Tetracyeline HCL /80 100-0 7-50{7-00 107 6/6
Tetracycline HCl 580 780 7:560/7-00 107 6/6
Yormaldehyde 80 160-0 700/7-00 100 8/8
Formaldehyde 2-0 400 7:50/7-00 107 8/6
Formaldchyde 0-5 10-0 8-50/7-00 93 6/6
Formaldehyde 0125 2-5 7-00/7-00 100 6/6
A,8-Dichlorodisthylamine (nor AN2) 800 8380 11-25/7:00 181 12/12
A,8-Dichlorodiethylamine { nor IN2) 40-0 184-0 -00/7- 114 6/6
B8,8-Dichlorodiethylamine (nor HN2) 20-0 82:0 7-00/7-00 160 6/6
Formaldehyde-8,8’-dichlorodiethylamine reaction product 120-0 4190 12-00/10-00 120 8/6
Formalaehyde-g,£ -dichlorodiethylamine reaction product 800 280-0 16-00/16-00 100 6/6
Tetracyeline—formaldehyde reaction product 130-0 164-0 8-00/7-00 114 6/6
Tetracyeline -formaldehyde reaction product 570 730 7-00/7-00 100 6/6
Tetracycline—formaldehyde reaction product 26-0 32-8 7:00{7-00 100 6/6
Tetracycline-formaldehyde reaction produet 110 15-8 §-00/7-00 86 6/6

see legend, Fig. 1.

1-0-03 mg/kg/day with a maximum increase in survival
time of 47 per cent (broken line in Fig. 1), Thus HN2
was almost 100 times more potent than TCM. However,
with the curves adjusted so as to be superimposzoed, the
striking similarity of the dose-response is apparent. As
a check on stability, tests against Ca7585 were performed
with TCM: (1) made up in a single solution which was
then refrigerated for two weeks during the period of its
use for therapy; (2) prepared fresh daily from the dry
powder. The standing preparation seemed to be somewhat
more potent than the fresh daily preparation regarding
tumour ichibition (for example, Ca755 was inhibited
77 per cent at 53 mg/kg/day by the standing preparation
compared to 42 per cont for a fresh daily preparation).
Since activity of TCM could not be accounted for by
its starting materials the remaining possibilities are that
either the intact molocule is the active agent or that TCM
splits at the amide bond and releases an HN2-like com-
pound. Though no direct chemical evidence is available
at present, the following biological duta and theoretical
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Fig, 1
mtragerituneauy Therapy sbarted day 1 intraperitoneally and con-
tinucd once daily 18 x or until death of the animal. Survival increase
of 25 per cent ot greater above control (T'/( = 125) considered effective
for inhibition of leukemia growth. All effective doses comprise an
average of two or mors experiments with at least 6 mice per treatment
dose and 10 controls for each experiment, ——, TOM; ————, HN2

125 per cent or greater considered ‘active’.

considerations tend to support the latter hypotheses.
First, the standing preparation, that is, the material made
up once for multiple injection, was more potent than the
fresh daily preparation, suggesting instability and break-
down into a more active agent. Second, the dose-response
curves of TCM and HN2 were very similar to each other.
Third, others have shown that when Einhorn derivatives
of tetracycline are subjected to reductive degradation
under appropriate conditions, the bridging methylene
group remains attached to the amino nitrogen?®,

Obviously the results presented here provide no evi-
dence that TCM accumulates on ncoplastic tissue as
shown for other tetracyclines, However, if splitting of
TCM does oceur as deseribed here, it would be of interest
to dotermine whether the hypothesized HN2-like sub-
stanee is released mostly in the injection solution, the
animal’s blood stream, or at the neoplastic cell,
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Inhibition of 5-Hydroxytryptamine Liberation
from Blood Platelets by Reserpine

RESERPINE causes a release of monoamines from various
tiggues ineluding isolated blood platelets!:®, This effect is
generally attributed to an interferencoe of the drug with
the storage mechanisms for the amines. Furthermore,
some authors report & protective action of reserpine againgt
the spontaneous liberation of norepinephrine from adrenal
medullary and gplenie nerve pranules®®. Thoe mechanism
is not fully understood. It might bc partly connected
with the lack of glucose in the incubation medium, because
this source of energy soems to be necessary for retaining
the B5-hydroxytryptamine (5HT) within the platelets®,
We have investigated the effect of reserpine on the meta-
bolism of SHT of isolated platelets in tho absence and
presence of glucose,

©1965 Nature Publishing Group





