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properties similar to rapidly dividing normal cells such as
intestinal mucosa, nor are they similar to those of relatively
nen-adhesive erythrocytes, lymphocytes or bone marrow
cells. Ambrose and Easty® obtained evidence for slight
selectivity using whole venom (Russell’s viper) in compara-
tive investigations of tumour and normal cells in culture.

Preliminary ¢n vivo investigations using this fraction
have been quite encouraging, and several animals have
been. cured of Yoshida ascites tumours; but in vive
effects involve problems connected with blood supply
to the tumour, rate of elimination of the agent, ete.
Whatever the final success obtained with this fraction
in vivo, the experiments described here on lytic action
indicate that the necessary specificity of a structure is
present on the tumour cell surface in this case. It may be
possible to exploit this by the use of biological macro-
molecules containing the required properties in their
amino-acid, sugar or nucleotide sequence as carcinolytic
agents.

We thank Prof. A, Haddow and Dr. A. R. Gopal-
Ayengar for their advice. One of us (E. J. A.) also thanks
the U.K. Ministry of Overseas Development and the
Atomic Energy Commission, Government of India, for
their support (Colombo Plan).
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Reversal of Selective Toxicity of (—)-«-Lipoic
Acid by Thiamine in Thiamine-deficient Rats

INTRAPERITONEAL injection of ( 4 )-«-lipoic acid has been
reported to be toxie to thiamine-deficient rats'. Develop-
ment of the toxic effect was prevented by simultaneous
injection of 100 pg of thiamine hydrochloride. It was also
noticed that {  )-«-lipoic acid, unlike neopyrithiamine, had
no effect on thiamine excretion. The toxicity of (+}-a-
lipoic acid to thiamine-deficient rats therefore could not
be related to the depletion of the thiamine reserves present
in the organs of thiamine-deficient animals. Obviously,
the results obtained from the use of the racemic form of
lipoic acid could not reveal whether both or one of the
isomers had been responsible for the toxic effects in the
deficient animals. Tn order to clarify the relative toxicity
of the isomers of lipoic acid in thiamine-deficient rats, the
experiments were repeated with the natural and unnatural
isomers of a-lipoic acid. The preparation of pure (- )-«-
lipoic acid was accomplished from (+)-6,8-dichloro-
oetanoic acid (~)-ephedrine salt®. However, the (-)-«-lipoic
acid was found to be contaminated with 15-20 per cent
of the dextro-rotatory enantiomorph? Therefore, the pure
(~)-w-lipoic acid was synthesized from the purified (-}-
6,8-dichlorooctanoie acid ( +)-ephedrine salt. This was ob-
tained after converting a sample of (-)-6,8-dichloro-
octanoic acid (-}-ephedrine salt into the {+)-ephedrine
salt. (The (-)-6,8-dichlorooctancic acid (--)-ephedrine salt
was generously supplied by Dr. W. J, Wayne of Du Pont.)

In the experiments with the various forms of lipoie acid,
20 mg/kg of «-lipoic acid was administered intraperi-
toneally to thiamine-deficient Sprague-Dawley rats of
100-150 g average weight. When the animals developed
the *acute stage’ of polyneuritis®, they were divided into
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Table 1. TOXICITY OF (-)-e-LIPOIC ACID AND ITS EFFECT ON URINARY

THIAMINE EXCRETION 1IN THIAMINE-DEFICIENT RATS
Mortality of Urinary thiamine*

Compound deficient rats in 3 days

(%) 4 %

( £ )-a-Lipoic acid 75(18) fe =
{ + )-a-Lipoic acid +Thiamine (250 pg) 0 (10) 69 28
(+)-g-Lipoic acid 40 (18) — —_
(+)-a-Lipoic acid 4 Thiamine (250 xg) 10 (10) 64 28
(—)-a-Lipoic acid 80 (16) — —
(—)-a-Lipoic acid 4+ Thiamine (250 ug) 20 (10) 70 28
Neopyrithiamine 27 (10) — —
Neopyrithiamine +Thiamine (250 xg) 0 (8) 150 80
Isotonic saline -+ Thiamine (2560 ug) 0 (6) 60 24

The animals in the variouns grou]fos received i.p, injection of 20 mg/ke of the
different lipoic acids or 5 mg/kg of neopyrithiamine. *In some groups when
the urinary thiamine excretion fell below detection, the animals received
250 wg of thiamine hydrochloride followed by injection of lipoic acids, or
neopyrithiamine or saline. No. of animals is given in brackets.

subgroups as shown in Table 1. After the daily collection
of urine, the animals were fed in the morning and the food
was withdrawn. When the urinary thiamine values fell
below detection, some of the animals in each group
received 250 pg of thiamine HCI intraperitoneally, fol-
lowed by i.p. injection of lipoic acid or neopyrithiamine,
The urine samples were 24-h collections. They were
collected for three days and were daily analysed for
thiamine excretion. The values in Table 1 represent the
total thiamine excreted in three days. Earlier it was
egtablished! that the 20 mg/kg (Z)-x-lipoic acid corre-
sponded to 1/4 of the LD;, dose. Since intraperitcneal
injection of isotonic saline was not lethal to the thiamine-
deficient animals, it is apparent that the mechanical effect
of injection per se is of no consequence. Again it is obvious
from Table 1 that the simultaneous injection of thiamine
and lipoic acid prevented death, which ordinarily occurred
when lipoic acid was administered alone to the deficient
rats. Interestingly, (-)-«-lipoic acid seemed to be ex-
tremely toxic to thiamine-deficient rats whereas its
injection into thiamine-sufficient animals had not pro-
duced any undue physioclogical effects. As a further
confirmation of earlier findings!, it has been dermonstrated
that a single intraperitoneal injection of 250 pg of thiamine
bhydrochloride followed by the injection of any of the
lipoic acids does not lead to increased urinary thiamine
excretion during the succeeding 72 h. The results show
that neither the racemate nor either of the isomers of
a-lipoiec acid had any effect on thiamine mobilization
while intraperitoneally administered neopyrithiamine (5
mg/kg) produced significant increase in thiamine excre-
tion. No significant difference between the amounts, of
thiamine excretion before and after lipoic acid treatment
could be observed in the experiments with thiamine.
sufficient rats. At present the marked toxicity of (-)-a-
lipoic acid is interpreted as an interaction between the
thiaminethiol of the thiamine and (-)-a-lipoic acid, yielding
a toxiec intermediate in the brain possibly through a
heteromeric interaction between thiamine and sulphydryl
groups as suggested by Banhidi!, Such interaction could
yield a toxic intermediate which would not only tie up
thiamine reserves in the brain but also could cause the
digplacement of the natural isomer of «-lipoic acid from
the sites of enzymatic decarboxylation of a-keto acids.
The search for existence of such an intermediate is pro-
posed to be undertaken with the aid of labelled isomers
of a-lipoic acid.
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